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Perspective

Advances in the Treatment of Hepatitis C Virus Infection
Since 2007, the annual age-adjusted mortality rate in hepatitis C virus (HCV)
infection in the United States has been greater than that in HIV disease,
reflecting the continuing decline in HIV-related mortality and the continuing
increase in HCV-related mortality. The approval of 2 new direct-acting
antivirals within the past year, as well as the promise offered by numerous
other direct-acting agents in development, provides hope that we will be
able to markedly improve our ability to cure HCV disease. The addition of
a protease inhibitor (PI) to what has been the standard HCV therapy of
peginterferon alfa and ribavirin dramatically improves sustained virologic
response rates in treatment-naive patients with genotype 1 infection.
Similar results have been observed in some treatment-experienced patients
in whom prior peginterferon alfa/ribavirin therapy has failed. The use of
these new agents has also permitted response-guided therapy, wherein early
sustained virologic response to treatment allows for a shortened treatment
duration. However, these new PIs add cost and adverse effects to HCV
therapy. Boceprevir is associated with increased risk of anemia and
dysgeusia, and telaprevir is associated with increased risk of anemia and
skin and gastrointestinal adverse effects. Early studies indicate that the
addition of PIs results in high response rates in patients with HCV/HIV
coinfection. Other studies suggest that combinations of PIs and other
direct-acting antivirals may ultimately permit cure when used in interferonsparing regimens. This article summarizes a presentation by David L. Thomas,
MD, MPH, at the IAS–USA live continuing medical education course held in
New York City in October 2011.
Since 2007, the annual age-adjusted
mortality rate in HIV disease in the
United States has been surpassed by
that of hepatitis C virus (HCV) disease,
reflecting the continuing decline in
HIV-related mortality and the continuing increase in HCV-related mortality.1
The prevalence of HCV-related cirrhosis is projected to continue to increase
until it reaches a peak around 2020,
reflecting what is commonly a 20- to
40-year period between HCV acquisition and the later-stage manifestations
of cirrhosis, end-stage liver disease,
and liver cancer. These projections
assumed no changes in our ability to
treat HCV infection.
The rate of sustained virologic response (SVR; ie, absence of HCV RNA
in blood for 6 months after the end
of treatment) with what has been the
standard treatment of peginterferon
alfa plus ribavirin is approximately
40% in patients with HCV genotype 1
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infection, the predominant type of infection in the United States. The rate
is less than 30% in HIV/HCV-coinfected patients with HCV genotype 1.
However, the past year has brought
the approval of 2 new drugs for treating HCV infection—the HCV protease
inhibitors boceprevir and telaprevir—
and numerous new drugs are in advanced stages of development. It is
hoped that these new weapons will allow us to improve the projections for
HCV disease outcomes.

Treatment Outcomes With
Telaprevir and Boceprevir
Treatment-Naive Patients

In the trial supporting approval of telaprevir, more than 1000 treatment-naive
patients with HCV genotype 1 infection were randomly assigned to receive
telaprevir for 8 weeks or 12 weeks
plus concurrent standard peginterferon alfa/ribavirin therapy for up to 48
weeks, or peginterferon alfa/ribavirin
alone for 48 weeks.2 Patients receiv5

ing telaprevir who achieved a virologic
response that was sustained between
weeks 8 and 12 were further randomly
assigned to stop peginterferon alfa/ribavirin after week 24 or continue for the
full 48 weeks. Overall, cure (ie, SVR)
was achieved in 69%of patients receiving 8 weeks of telaprevir and 75% of
those receiving 12 weeks of telaprevir,
compared with 44% of those receiving
peginterferon alfa/ribavirin alone. In
black patients, who are known to have
lower rates of response to peginterferon alfa/ribavirin, SVR rates were 25%
with standard therapy, versus 58% and
62% with 8 weeks and 12 weeks of telaprevir, respectively. Among nonblack
patients, SVR rates were 48% with peginterferon alfa/ribavirin, compared
with 73% and 79% with the addition of
telaprevir for 8 weeks and 12 weeks,
respectively.
Patients who stopped therapy at
24 weeks after an early response to
telaprevir-containing therapy had outcomes similar to those who continued
to receive peginterferon alfa/ribavirin for the full 48-week course. The
12-week course of telaprevir was approved in 2011 by the US Food and
Drug Administration (FDA) for use in
combination with peginterferon alfa/
ribavirin, as was the shortened treatment duration in patients with early
sustained response to treatment.
With regard to the ability to abbreviate therapy based on early response
to treatment, Sherman and colleagues
performed a study in treatment-naive,
genotype 1–infected patients.3 Patients
who achieved early rapid virologic response (eRVR; defined as undetectable
HCV RNA at week 4 and week 12) with
telaprevir plus peginterferon alfa/ribavirin therapy were randomly assigned
to continue receiving peginterferon
alfa/ribavirin for the full 48 weeks or to
stop treatment after a total of 24 weeks.
The overall SVR rate was 72%, with 65%
of the total of 540 patients achieving
eRVR. SVR rates were 92% among those
stopping treatment after 24 weeks and
88% among those receiving 48 weeks
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of treatment. Among those who did not
achieve eRVR, the SVR rate was 64%.
In the pivotal boceprevir trial, approximately 1100 treatment-naive
patients with genotype 1 infection received a lead-in of peginterferon alfa/
ribavirin for 4 weeks.4 This was followed by either continuation of peginterferon alfa/ribavirin treatment for
44 weeks (total of 48 weeks); addition
of boceprevir for 44 weeks (fixed-duration group); or addition of boceprevir
for 24 weeks followed by treatment
discontinuation if virus was undetectable from 8 weeks to 24 weeks or
treatment continuation with peginterferon alfa/ribavirin alone for 20 weeks
if virus was detectable (responseguided therapy group). Overall, SVR
rates were 63% in the response-guided
therapy boceprevir group and 66% in
the fixed-duration boceprevir group,
compared with 38% in the peginterferon alfa/ribavirin treatment group. SVR
rates were improved with the addition
of boceprevir in black patients (42%
in the response-guided therapy group
and 53% in the fixed-duration group vs
23% in the standard treatment group)
and nonblack patients (67% and 69%
vs 41%, respectively). Boceprevir was
approved by the FDA in 2011 for use
in combination with peginterferon
alfa/ribavirin, including a shortened
response-guided course of therapy in
treatment-naive patients.

having undetectable virus at the end of
prior treatment) SVR rates were 83%,
88%, and 24%, respectively. Among
those who had shown a partial virologic response to prior treatment, SVR
rates were 59%, 54%, and 15%, respectively. For those with no virologic response to prior treatment (null responders), SVR rates were 29%, 33%, and 5%,
respectively.
In a trial in approximately 400
treatment-experienced patients conducted by Bacon and colleagues, overall SVR rates were 66% in patients
receiving boceprevir and 48 weeks
of peginterferon alfa/ribavirin, 59%
in those receiving boceprevir with
response-guided therapy, and 21% in
those receiving standard peginterferon
alfa/ribavirin.6 SVR rates were 75%,
69%, and 29%, respectively, among
patients who had relapsed after prior
therapy and 52%, 40%, and 7%, respectively, among those who had partial response to prior treatment.
Increased Toxic Effects With Addition
of Telaprevir or Boceprevir

Jacobson and colleagues reported that
adverse events occurred more frequently in telaprevir-containing study arms

Resistance to HCV Protease Inhibitors

Because neither interferon alfa nor ribavirin is a direct-acting antiviral agent,
viral resistance is a new phenomenon
in HCV treatment. Resistance to the
protease inhibitors (PIs) telaprevir and
boceprevir is detected in approximately 50% of patients in whom therapy
containing these agents fails.7,8 To date,
there is no evidence that resistant variants have greater replicative fitness or
pathogenicity than wild-type virus. As
has been observed with HIV, there is a return to predominance of wild-type virus
generally within 18 months of stopping
HCV PI treatment.9 However, unlike HIV,

Table 1. Sustained Virologic Response Rates According to Patient and Disease
Characteristics in Treatment-Naive Patients Receiving Telaprevir or Boceprevir plus
Peginterferon Alfa/Ribavirin Compared with Peginterferon Alfa/Ribavirin Alone

Treatment-Experienced Patients

Telaprevir and boceprevir have each
been shown to achieve cure in a substantial proportion of HCV-infected
patients in whom prior peginterferon
alfa/ribavirin therapy had failed. In a
study of more than 600 treatmentexperienced patients, Zeuzem and
colleagues found SVR rates of 64%
with the combination of 12 weeks of
telaprevir plus 48 weeks of peginterferon alfa/ribavirin; 66% with a 4-week
lead-in regimen of peginterferon alfa/
ribavirin followed by 12 weeks of telaprevir and 44 weeks of peginterferon
alfa/ribavirin; and 17% with retreatment with 48 weeks of peginterferon
alfa/ribavirin.5 Among patients with
relapse (ie, those who relapsed after

than in the peginterferon alfa/ribavirin
alone arm. Adverse effects included
pruritus (45%-50% with telaprevir vs
36% with peginterferon alfa/ribavirin), nausea (40%-43% vs 31%), rash
(35%-37% vs 24%), anemia (37%-39%
vs 19%), and diarrhea (28%-32% vs
22%). In the boceprevir trial conducted
by Poordad and colleagues, anemia
(49% in the boceprevir group vs 29%
in standard treatment group) and dysgeusia (37%-43% vs 18%, respectively)
were more common in boceprevircontaining study arms.

Sustained Virologic Response Rate (%)
TPV 12 and
Peg/RBV 24-48

Peg/
RBV 48

BOC 44 and
Peg/RBV 24-48

Peg/
RBV 48

Viral load (IU/mL)
< 800,000
≥ 800,000

78
74

70
36

85
63

64
33

Race
White
Black

75
62

46
25

68
53

40
23

Fibrosis stage
0-2
3-4

77
62

47
33

67
52

38
38

Body mass index (kg/m2)
< 25
25-30
> 30

83
67
71

44
45
41

67
65
66

47
33
33

TPV 12 indicates patients receiving telaprevir for 12 weeks; Peg/RBV 24-48, peginterferon
alfa and ribavirin for 24 to 48 weeks; Peg/RBV 48, peginterferon alfa and ribavirin for 48
weeks; BOC 44, boceprevir for 44 weeks. Adapted from Jacobson et al2 and Poordad et al.4

6

Advances in HCV Treatment Volume 20 Issue 1 April/May 2012

there is no biologic basis for archiving of
PI-resistant variants in the body.
The long-term consequences of selecting for HCV PI resistance are unclear at this time. Investigations are
currently underway on whether emergence of resistance will result in poorer
response to subsequent treatment containing a PI. There are no convincing
data thus far that baseline resistance
to HCV PIs affects response to treatment. Thus, although there is a commercially available assay for testing for
HCV resistance, for now there is no indication for testing to guide immediate
treatment decisions. However, it may
be prudent to document resistant variants in case the information becomes
useful in the future.
More Potent Therapy Reduces
Predictive Value of Some Risk Factors
for Poor Response

More potent anti-HCV therapy reduces
the value of some of the traditional
factors predictive of poor response to
peginterferon alfa/ribavirin therapy. This
is a good thing, however, because the
loss of predictive value is the result of
higher cure rates in subgroups of patients with traditionally greater risk
of poor response. Most notable is the
diminished effect of higher HCV viral
load in predicting poorer treatment
outcome with peginterferon alfa/ribavirin (see Table 1). For example, in the
pivotal telaprevir trial, SVR rates were
similar among telaprevir-receiving patients with baseline HCV RNA viral
load 800,000 IU/mL or higher and
those with viral load less than 800,000
IU/mL (74% and 78%, respectively).2
The SVR rate in those with elevated viral load receiving telaprevir represents
a striking improvement over the response rate among patients with high
viral load receiving peginterferon alfa/
ribavirin alone (36%). In the pivotal
boceprevir trial, the SVR rate among
boceprevir recipients with elevated
baseline viral load was 63%, compared
with 33% among patients with elevated baseline viral load receiving peginterferon alfa/ribavirin alone.4
As noted previously, black race is
also a risk factor for poorer response

to peginterferon alfa/ribavirin. The difference in the frequency of the unfavorable interleukin-28B genotype
explains about half of the difference
in treatment response between black
and nonblack patients. Although there
was still a difference in SVR rates
between black patients and white
patients receiving telaprevir (62%
and 75%, respectively), the SVR rate
in black patients represents a striking improvement over that achieved
with peginterferon alfa/ribavirin alone
(25%).2 Similarly, black patients receiving boceprevir had a lower SVR rate
than white patients, but the high cure
rate in black patients receiving boceprevir compared with those receiving peginterferon alfa/ribavirin alone
is another striking improvement—53%
versus 23%, respectively.4 Some of the
differences observed between the telaprevir and boceprevir studies, with regard to response rates in patient subgroups, likely reflect the fact that the
post hoc analyses were performed in
different patient populations.

Comparison of Telaprevirand Boceprevir-Containing
Regimens
Table 2 provides an overview of characteristics of HCV treatment with
telaprevir- and boceprevir-containing
regimens. A 4-week lead-in period
with peginterferon alfa/ribavirin is recommended before adding boceprevir
and no lead-in is recommended for patients receiving telaprevir,8,10 reflecting
the way the drugs were developed in
phase II and, especially, phase III studies. Boceprevir is administered for 24
weeks or 44 weeks in treatment-naive
patients and for 32 weeks or 44 weeks
in treatment-experienced patients, depending on early virologic response,
whereas telaprevir is administered for
12 weeks in both treatment-naive and
treatment–experienced patients.
Response-guided therapy is not recommended in patients with cirrhosis or
in HIV-coinfected patients. Responseguided therapy in HIV-seronegative,
noncirrhotic, treatment-naive patients
is permitted based on an HCV RNAnegative response during weeks 8 to
7

24 with boceprevir treatment and at
weeks 4 and 12 with telaprevir treatment. Based on clinical trial data, it is
estimated that 44% of treatment-naive
patients receiving boceprevir and 58%
to 65% of treatment-naive patients
receiving telaprevir are eligible for
response-guided therapy. The total duration of anti-HCV treatment in treatment-naive patients, depending on
presence or absence of early virologic
response, is 28 weeks or 48 weeks for
boceprevir, and 24 weeks or 48 weeks
for telaprevir.
Response-guided therapy in treatment-experienced patients is not
recommended for patients receiving
boceprevir who were null responders
to prior treatment or for patients receiving telaprevir who were partial or
null responders. For treatment-experienced patients receiving boceprevir,
total anti-HCV treatment duration is
36 weeks (for those with eRVR) or 48
weeks. Total treatment duration is 24
weeks or 48 weeks for patients receiving telaprevir. Anti-HCV therapy with
boceprevir should be stopped due to
futility if HCV RNA level is greater than
100 IU/mL at week 12 or if there is detectable HCV RNA at week 24. The recommended stopping rule for telaprevir-containing therapy is a viral load of
greater than 1000 IU/mL at week 4 or
12, or detectable virus at week 24.
As noted previously, there are added adverse effects with the addition of
either of the PIs to peginterferon alfa/
ribavirin. There is an increased risk
of anemia with boceprevir compared
with peginterferon alfa/ribavirin therapy alone, and telaprevir is associated
with increased risk of anemia and skin
and gastrointestinal side effects. Pill
burdens differ between the two treatments, with boceprevir requiring four
200 mg pills every 8 hours and telaprevir requiring two 375 mg pills every
8 hours. There is also a difference in
food requirements: boceprevir needs
to be taken with some food, whereas
each dose of telaprevir needs to be
taken with a meal containing at least
20 g of fat.
The addition of a new agent to HCV
treatment regimens increases cost as
well as cure rates. A 48-week course of
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Table 2. Selected Characteristics of Boceprevir and Telaprevir
Boceprevir

Telaprevir

Yes

No

24 weeks or 44 weeks

12 weeks

32 weeks or 44 weeks

12 weeks

Criterion for RGT*

RNA-negative at weeks 8-24

RNA-negative at week 4
and week 12

RGT-eligible, treatmentnaive patients

~44%

~58%-65%

RGT-eligible, treatmentexperienced patients

Relapsers and partial responders Relapsers (partial and null
(null responders not eligible)
responders not eligible)

Total duration of
treatment in treatmentexperienced patients

36 weeks (with eRVR)
or 48 weeks

24 weeks or 48 weeks

Stopping rule for futility

HCV RNA > 100 IU/mL
at week 12

HCV RNA > 1000 IU/mL at
week 4 or week 12

Detectable virus at week 24

Detectable virus at week 24

Added adverse effects

Anemia, dysgeusia

Anemia, rash, pruritus,
nausea, diarrhea

Dosage

Four 200 mg pills
every 8 hours

Two 375 mg pills every
8 hours

Food requirement

Must be taken with
some food

Must be taken with meal
containing ≥ 20 g of fat

4-week peginterferon
alfa/ribavirin lead-in
PI duration
HCV treatment-naive
HCV treatmentexperienced

*RGT indicates response-guided therapy; PI, protease inhibitor; eRVR, early rapid virologic
response. RGT is not recommended in patients with cirrhosis or HIV coinfection.

peginterferon alfa/ribavirin costs approximately $38,000. Full courses of
telaprevir (12 weeks) and boceprevir
(up to 44 weeks) cost approximately
$50,000.

Ongoing Studies of HCV PIs
Patients with HCV infection in whom PI
treatment has yet to be fully evaluated
are those with more advanced disease
(eg, patients with decompensated cirrhosis and transplant patients), those
with HBV coinfection, and those with
HIV coinfection. In addition, safety
and efficacy of these drugs have not
been established in patients with HCV
genotype 2 or 3 infection. Genotype
2 infection is responsive to peginterferon alfa/ribavirin in most patients,
and there is some indication that cure
rates are improved with the addition
of a PI. Genotype 3 infection is more
difficult to treat in many cases, and
there is some evidence indicating that

response rates are not improved with
the addition of a PI.
Studies in HIV Coinfection

In a small study by Sulkowski and colleagues, patients with HCV/HIV coinfection received a full 48-week course
of anti-HCV therapy with telaprevir plus
peginterferon alfa/ribavirin or peginterferon alfa/ribavirin alone with or without antiretroviral therapy.11 The group
receiving peginterferon alfa/ribavirin
without antiretroviral therapy included
patients with high CD4+ cell counts
who did not meet current guidelines
for initiation of antiretroviral therapy.
Patients who received antiretroviral
therapy took efavirenz/tenofovir/emtricitabine, or ritonavir-boosted atazanavir with tenofovir/emtricitabine
or tenofovir/lamivudine. Patients who
received the efavirenz-containing regimen received an additional telaprevir
pill with each dose to compensate for
8

lowered blood levels due to pharmacokinetic interaction with efavirenz. As
shown in Figure 1, the telaprevir-containing regimen markedly improved week
4 and week 12 virologic responses in
patients receiving and not receiving
antiretroviral therapy. These promising
findings need to be confirmed in larger
studies.
A phase II trial of boceprevir with
peginterferon alfa/ribavirin in HIV/
HCV-coinfected patients is ongoing.
A total of 99 coinfected patients with
stable HIV disease are being treated
with a lead-in of 4 weeks of peginterferon alfa plus weight-based ribavirin,
then randomly assigned to add boceprevir (800 mg every 7-9 hours) or
placebo for an additional 44 weeks.
Subjects were allowed into the study
if they were on raltegravir or ritonavirboosted PIs. Baseline HCV RNA level
was above 800,000 IU/mL for 88% of
subjects; 82% were white, and 5% had
cirrhosis.12
The proportion of patients with undetectable HCV RNA at week 8 was
higher in the group receiving boceprevir (24 of 64 [37.5%] with undetectable
HCV RNA) than in the group receiving
placebo (5 of 34 [14.7%]). At week 24,
HCV RNA was undetectable in 43 of 61
patients (70.5%) in the boceprevir arm
and undetectable in 11 of 32 (34.4%)
in the placebo arm. Treatment was discontinued in 3 (9%) and 9 (14%) of the
patients in the placebo and boceprevir
arms, respectively, because of adverse
events.
Updates on the trials described above
were presented at the 19th Conference
on Retroviruses and Opportunistic Infections in March 2012. In the telaprevir
trial in HIV/HCV-coinfected patients, 28
of 38 patients (74%) receiving telaprevir
plus peginterferon alfa/ribavirin had undetectable levels of HCV RNA at week
24 (end of treatment), compared with
12 of 22 patients (55%) in the peginterferon alfa/ribavirin–only control group.13
Twelve weeks after stopping therapy,
all 28 of the 38 (74%) who had undetectable levels of HCV RNA at the end
of telaprevir treatment had sustained
virologic response. In the control group,
10 of 22 patients (45%) had sustained
virologic response.
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applications of the treatments available to us right now in some patients,
and we await tomorrow’s treatments
for other patients. As with the first
wave of HIV medications in the potent
antiretroviral era, the new HCV drugs
offer huge advantages but also present
substantial challenges.
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Figure 1. Hepatitis C virus (HCV) virologic responses to telaprevir-containing therapy at week
4 (left) and week 12 (right) in patients with HCV/HIV coinfection, according to antiretroviral
regimen. Numerals in bars show total number of patients in treatment group. EFV indicates
efavirenz/tenofovir/emtricitabine; ATV/r, ritonavir-boosted atazanavir with tenofovir/emtricitabine or tenofovir/lamivudine. Adapted from Sulkowski et al.11

In the boceprevir trial, 39 of 61
coinfected patients (63.9%) receiving
boceprevir plus peginterferon alfa/ribavirin had undetectable HCV RNA at
week 48 (end of treatment), compared
with 10 of 34 (29.4%) receiving peginterferon/alfa alone.14 Twelve weeks after stopping therapy, 37 of 61 patients
(60.7%) who had received boceprevir
had sustained virologic response, compared with 9 of 34 (26.5%) in the peginterferon alfa/ribavirin–only group.
These results in coinfected patients
are notable because in both studies, virologic response was substantially better than with interferon alfa/ribavirin
alone. Virologic response rates were
also nearly as high as those in monoinfected patients.

Potential for Cure Without
Interferon Alfa
Peginterferon alfa therapy is associated
with considerable toxicity, and there is
intense interest in developing treatments that would spare patients from
the rigors of such therapy. An example
of studies assessing this possibility was
reported by Lok and colleagues.15 Patients who were prior null responders
to peginterferon alfa/ribavirin therapy
received a combination of an HCV PI
and an HCV nonstructural protein 5A
(NS5A) inhibitor (which is active at
different steps of the viral replication
process than PIs), with or without peginterferon alfa/ribavirin.

Four of 11 patients receiving the PI
and NS5A inhibitors without peginterferon alfa/ribavirin had viral loads
that fell below the limit of quantitation
at week 12 and remained undetectable
after stopping therapy, showing in principle that cure is achievable without
interferon alfa therapy. Six of the 11
patients exhibited viral breakthrough.
It is also noteworthy that all 10 patients
receiving the 2 direct-acting antivirals
in combination with peginterferon
alfa/ribavirin had undetectable virus
at week 12, a remarkable outcome
of treatment in prior null responders.
There is considerable excitement over
what might be achieved with multidrug combinations of the numerous
investigational direct-acting agents.
Although formal guidelines for treatment of HIV/HCV-coinfected persons
are being planned, at this time treatment should be prioritized for those
with advanced liver fibrosis (cirrhosis
and bridging fibrosis). When possible,
coinfected patients should be enrolled
in clinical trials to expand the available
information on optimal HCV treatments in that setting.

Summary
The current era in HCV treatment is
reminiscent of the transformation of
HIV treatment that occurred in the
mid-1990s. With the new HCV treatments, cure and complications occur
more frequently. We can make smart
9

Presented by Dr Thomas in October 2011.
First draft prepared from transcripts by Matthew Stenger. Reviewed and edited by Dr
Thomas in February 2012.
Dr Thomas has received grants and research
support from Gilead Sciences, Inc, and Merck
& Co, Inc. He has served as a consultant to
Merck & Co, Inc.

References
1. Ly KN, Xing J, Klevens RM, Jiles RB, Ward
JW, Holmberg SD. The increasing burden
of mortality from viral hepatitis in the
United States between 1999 and 2007.
Ann Intern Med. 2012;156:271-278.
2. Jacobson IM, McHutchison JG, Dusheiko
G, et al. Telaprevir for previously untreated chronic hepatitis C virus infection. N
Engl J Med. 2011;364:2405-2416.
3. Sherman KE, Flamm SL, Afdhal NH, et al.
Response-guided telaprevir combination
treatment for hepatitis C virus infection.
N Engl J Med. 2011;365:1014-1024.
4. Poordad F, McCone J, Jr., Bacon BR, et
al. Boceprevir for untreated chronic
HCV genotype 1 infection. N Engl J Med.
2011;364:1195-1206.
5. Zeuzem S, Andreone P, Pol S, et al. Telaprevir for retreatment of HCV infection.
N Engl J Med. 2011;364:2417-2428.
6. Bacon BR, Gordon SC, Lawitz E, et al.
Boceprevir for previously treated chronic
HCV genotype 1 infection. N Engl J Med.
2011;364:1207-1217.
7. Vierling JM, Kwo PY, Lawitz E, et al. Frequencies of resistance-associated amino
acid variants following combination treatment with boceprevir plus PEGINTRON
(peginterferon alfa-2b)/ribavirin in patients with chronic hepatitis C (CHC), genotype 1 (G1). Hepatology. 2010;52(Suppl
S1):702A-703A.
8. Telaprevir [package insert]. Cambridge,
MA: Vertex Pharmaceuticals; 2011.
9. Zeuzem S, Sulkowski M, Zoulim F, et al.
Long-term follow-up of patients with
chronic hepatitis C treated with telaprevir
in combination with peginterferon alfa2a and ribavirin: interim analysis of the
Extend study. Hepatology. 2010;52(Suppl
S1):436A.
10. Boceprevir [package insert]. Whitehouse
Station, NJ: Merck & Co, Inc; 2011.
11. Sulkowski M, Dieterich D, Sherman K, et
al. Interim analysis of a phase 2a doubleblind study of TVR in combination with
pegIFN-alfa2a and RBV in HIV/HCV coinfected patients. [Abstract 146LB.] 18th
Conference on Retroviruses and Op-

IAS–USA

Topics in Antiviral Medicine

portunistic Infections (CROI). February
27-March 2, 2011; Boston, MA.
12. Sulkowski M, Pol S, Cooper C, et al. Boceprevir plus peginterferon/ribavirin for
the treatment of HCV/HIV co-infected patients: interim on-treatment results. [Abstract LB-37.] 49th Annual Meeting of the
Infectious Diseases Society of America
(IDSA). October 20-23, 2011; Boston, MA.
13. Dieterich D, Soriano V, Sherman K, et al.
Telaprevir in combination with pegylated in-

terferon-a-2a+RBV in HCV/HIV-co-infected
patients: a 24-week treatment interim
analysis. [Abstract 46.] 19th Conference on Retroviruses and Opportunistic Infections (CROI). March 5-8, 2012;
Seattle, WA.
14. Sulkowski M, Pol S, Cooper C, et al. Boceprevir + pegylated interferon + ribavirin
for the treatment of HCV/HIV-co-infected
patients: end of treatment (week-48) interim results. [Abstract 47.] Proceedings from

the 19th Conference on Retroviruses and
Opportunistic infections (CROI). March 5-8,
2012; Seattle, WA.
15. Lok AS, Gardiner DF, Lawitz E, et al. Preliminary study of two antiviral agents
for hepatitis C genotype 1. N Engl J Med.
2012;366:216-224.
Top Antivir Med. 2012;20(1):5-10
©2012, IAS–USA

www.iasusa.org
which also has high rates of substance abuse. Dr Jessica Merlin
and Dr Rodney Tucker present an approach to the treatment of
pain, an underdiagnosed and undertreated condition in HIV-infected patients.

Quality Measures in HIV Care
Kathleen Clanon, MD, and Steven Bromer, MD
CME Credit Available: 1.75 AMA PRA Category 1 Credits™
Level: Advanced

NEW Preexposure Prophylaxis for HIV Infection
Jason R. Faulhaber, MD
CME Credit Available: 1.5 AMA PRA Category 1 CreditsTM
Level: Advanced

Choosing a set of quality of care measures and a strategy for
using them is an investment in time and resources—the resulting information can be either a powerful tool for improving care
or a useless paper exercise. Dr Kathleen Clanon and Dr Steven
Bromer provide guidelines and advice on selecting performance
measures, determining data collection methods, and using and
leveraging the eventual results to improve care.

There may finally be a viable breakthrough in the prevention of
new HIV infections, as data from recent studies have demonstrated. These studies evaluated the use of preexposure prophylaxis
(PrEP) as oral medication or topical microbicide to reduce the risk
of HIV acquisition. Dr Jason Faulhaber describes the role of health
care practitioners in altering the future of HIV transmission.

Initiation of Antiretroviral Therapy in Treatment-Naive
HIV-Infected Patients

NEW Osteomalacia and Osteoporosis in the HIV-infected
Patient

Greer A. Burkholder, MD
CME Credit Available: 1.75 AMA PRA Category 1 Credits™

Michael Yin, MD, MS, and Emily Stein, MD, MS
CME Credit Available: 1.5 AMA PRA Category 1 CreditsTM
Level: Advanced

What impact does the timing of antiretroviral therapy (ART) initiation have on the prognosis of HIV-infected patients? Dr Greer
Burkholder discusses the influence of CD4+ cell count, plasma
HIV RNA level, AIDS-related and non–AIDS-related comorbidities, pregnancy, and patient willingness to take lifelong medications. Because of the evolving nature of guidelines and evidence
regarding timing of ART, HIV practitioners need to update their
knowledge on this topic regularly.

The incidence of age-related comorbidities affecting bone mineral
density has increased among HIV-infected individuals. HIV primary
care practitioners will need to learn about the effects of antiretroviral drugs on vitamin D levels, bone metabolism, and the diagnosis
and management of osteomalacia and osteoporosis. Dr Michael
Yin and Dr Emily Stein describe the differences between these disease processes and the challenge of treating them.

HIV and Pain

COMING SOON

Greer A. Burkholder, MD
CME Credit Available: 2.5 AMA PRA Category 1 CreditsTM
Level: Advanced

Look for these new Cases on the Web activities in coming months.
• Drug Interactions with Medications for Treating Hepatitis C
Virus (HCV) Infection—Boceprevir and telaprevir have led to increased successful response rates in treating HCV infection. The
use of these agents, however, is associated with drug interactions
with primary care medications and many HIV antiretroviral drugs.
• Sexually Transmitted Infections in the HIV-Infected Patient—
The presence of sexually transmitted infections may facilitate onward transmission and acquisition of HIV infections. Coinfection
has an impact on individual health and on the health of partners
and the community.

Patients with HIV infection now have near-normal life expectancies, but 40% to 55% still report pain. Various comorbid conditions, including cardiovascular disease, frailty, and non–AIDS-defining malignancies, are prevalent in the HIV-infected population,

CME CREDIT
These internet enduring material activities have been approved
for AMA PRA Category 1 Credit™.

For information about Cases on the Web, please contact the IAS–USA.
Phone: (415) 544-9400 • Fax: (415) 544-9401 • E-mail: info”at”iasusa.org • Web site: www.iasusa.org/cow
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The following article in this issue is associated with CME credit:
Thomas DL. Advances in the treatment of hepatitis C virus infection. Top Antivir Med. 2012;20(1):5-10

This CME activity is offered from April 15, 2012, to April 15, 2013.
Physicians (MDs, DOs, and international equivalents) who receive a
passing score on the posttest and submit the registration and evaluation forms are eligible to receive CME credit. Nonphysician health care
practitioners will receive a certificate of attendance.

Instructions

Posttest Questions

This journal-based continuing medical education (CME) activity provides a review of advances in the treatment of hepatitis C virus (HCV)
infection. To complete the activity, the learner is instructed to:
• Read the article (see pages 5-10)
• Review a selection of the references
• Reflect on how the information might be applied to clinical practice
• Complete the posttest and CME claim form and send both to the
IAS–USA office.

Check the box next to the best answer to each of the questions
below. To earn CME credit, you must receive a passing score of 80%
or more correct.
1. Which statement is true regarding hepatitis C virus (HCV) protease
inhibitors (PIs) for treatment of HIV/HCV-coinfected patients?
 A. There is no evidence that HCV PIs improve virologic response
in HIV/HCV-coinfected patients
 B. Although not fully tested in coinfected patients, boceprevir
(BOC) should be used for 4 weeks alone as a lead-in before
being combined with 44 weeks of peginterferon alfa/ribavirin
(PegIFN/RBV)
 C. More than half of coinfected patients receiving PegIFN/RBV and
an HCV PI have a virologic response by the end of treatment
 D. Baseline resistance to HCV PIs reduces the chance of virologic
response

Learning Objectives
On completion of this activity, learners will be able to 1) describe
results of clinical trials leading to the US Food and Drug Administration (FDA) approval of telaprevir (TPV) and boceprevir (BOC) for
HCV treatment; 2) list the characteristics of TPV- and BOC-containing
regimens; 3) describe current research on these drugs in HIV/HCVcoinfected patients.

2. Which statement most accurately describes the use of HCV PIs?
 A. Telaprevir (TPV) must be taken with a high-fat meal
 B. TPV treatment should be stopped if HCV RNA level is greater
than 100 IU/mL at week 4
 C. TPV treatment should be continued for at least 24 weeks
in HIV/HCV-coinfected persons until studies show safety of
stopping earlier
 D. Both TPV and BOC are approved by the US Food and Drug
Administration (FDA) for use in HIV/HCV-coinfected patients
without cirrhosis

Accreditation Statement
The IAS–USA is accredited by the Accreditation Council for Continuing Medical Education to provide continuing medical education for
physicians.
The IAS–USA designates this journal-based CME activity for a maximum of 1.5 AMA PRA Category 1 CreditsTM. Physicians should claim
only the credit commensurate with the extent of their participation
in the activity.

3. Which statement is true regarding the pivotal telaprevir trial reported
by Jacobson et al (N Engl J Med. 2011;364:2405-2416)?
 A. Patients who stopped TPV and PegIFN/RBV therapy at 24 weeks
after early virologic response had outcomes similar to those
who received TPV and a full 48-week course of PegIFN/RBV
 B. SVR rates in black patients receiving TPV for 12 weeks were similar to SVR rates in nonblack patients receiving TPV for 12 weeks
 C. There was no difference in the SVR rates between the group
receiving 8 weeks of TPV and those receiving PegIFN/RBV alone

Intended Audience
This activity is intended for physicians involved in the care of patients
infected with HIV, HCV, or other viruses. It is also relevant to nurse
practitioners, physician assistants, nurses, and other health professionals who provide care for people with viral diseases.

Conflicts of Interest and Financial Disclosures

4. Which statement most accurately describes the current knowledge of
resistance to HCV PIs?
 A. There is substantial evidence that resistance to the HCV PIs will
result in poorer response to subsequent treatment containing a PI
 B. HIV/HCV-coinfected patients should always be tested for
HCV resistance before HCV treatment is initiated
 C. In patients with HCV PI resistance, a return to predominance
of wild-type virus occurs in less than 20% of patients
 D. Resistance to TPV or BOC is detected in approximately 50% of
patients in whom therapy fails

IAS–USA policy requires that the IAS–USA resolve any real or apparent conflict of interest that may influence the development, content, or delivery of its educational activity prior to the activity’s being
delivered to learners.
Dr Thomas has received grants and research support from Gilead
Sciences, Inc, and Merck & Co, Inc, and has served as a consultant
to Merck & Co, Inc.
Dr Richman has been a consultant to Biota, Bristol-Myers Squibb,
CHIMERx, Gen-Probe Inc, Gilead Sciences, Inc, Idenix Pharmaceuticals, Inc, Johnson & Johnson, Merck & Co, Inc, and Monogram
Biosciences, Inc; the recipient of research grants or contracts from
Merck & Co, Inc; and a stock options holder of CHIMERx and Idenix
Pharmaceuticals, Inc.

5. Which statement regarding the use of HCV PIs is true?
 A. For both TPV and BOC, there is about 1 log of activity against
HIV. Therefore, TPV and BOC must be used with a full suppressive
HIV regimen
 B. Response-guided therapy with either TPV or BOC is not recommended in patients with cirrhosis, but is acceptable in patients
with HIV coinfection
 C. The addition of TPV or BOC to PegIFN/RBV therapy leads to
increased risk for added adverse effects such as anemia



Dr Benson and Dr Hirsch have no relevant financial affiliations
to disclose.
This activity was supported by grants as described on the inside
front cover.
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Mail or fax this page along with the completed posttest to:
IAS–USA, 425 California Street, Suite 1450, San Francisco, CA 94104-2120 Fax: (415) 544-9401
Participant Information
Number of CME credit hours I am claiming (maximum 1.5): _________

Please indicate your academic degree or license:
 MD  DO  PA  RN  NP  PharmD  other (specify) ____

__________________________
First Name

_____________________________
Last Name

_______________________________________________________________
Institution or Organization

_______________________________________________________________
Address (Please check one: ___ Home ___ Work)

_______________________________________________________________
Telephone ( ___Home ___Work)
Facsimile

_______________________________________________________________
Address 2nd Line

_______________________________________________________________
E-mail address to receive your CME certificate ( ___Home ___Work)

___
MI

_______________________________________________________________
City
State/Province

The approximate amount of time (in hours) I spent on reading the article,
reviewing the references, and reflecting on how the information might be
applied to the practice was:
 ≤ 1  1.5  2  3  other _____

_______________________________________________________________
Postal Code
Country

Evaluation
Please complete the following evaluation form for this journal activity:
Excellent

Very Good

Good

Fair

Poor

Please rate the activity in terms of meeting the stated
learning objectives (see p. 3 for objectives)

❍

❍

❍

❍

❍

Please rate the extent to which the information
presented was supported by the evidence

❍

❍

❍

❍

❍

Please rate the overall quality of the article

❍

❍

❍

❍

❍

Please rate the activity’s freedom from commercial bias

❍

❍

❍

❍

❍

Please rate the overall value of this activity to your practice

❍

❍

❍

❍

❍

Please list 3 specific measurable changes you will make in your practice based on the information presented in the article:
1. _____________________________________________________________________________________________________________________
2. _____________________________________________________________________________________________________________________
3. _____________________________________________________________________________________________________________________
Other comments (please feel free to comment on any aspect of Topics in Antiviral Medicine):
_______________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________
What percentage of your patients has HIV infection?
 0%

 1%–10%

 11%–25%

 26%–50%

 51%–75%

Please rate your expertise in treating HIV infection:  1 (novice)

 76%–90%

2

3

4

 91%–100%
 5 (expert)

What percentage of your patients are members of an underrepresented minority group?
 0%

 1%–10%

 11%–25%

 26%–50%

 51%–75%

Are you a member of an underrepresented minority group?  Yes

 76%–90%

 91%–100%

 No
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