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Background. There is an international epidemic of hepatitis C virus (HCV) infection among human immuno-
deficiency virus (HIV)-infected men who have sex with men. Sustained virologic response (SVR) rates with pegy-
lated interferon and ribavirin treatment are higher in these men during acute HCV than during chronic HCV, but
treatment is still lengthy and SVR rates are suboptimal.

Methods.
rin in acute genotype 1 HCV infection in HIV-infected men. Men who were treated prior to the availability of, or
ineligible for, telaprevir were the comparator group. The primary endpoint was SVR12, defined as an HCV viral

We performed a pilot study of combination therapy with telaprevir, pegylated interferon, and ribavi-

load <5 IU/mL at least 12 weeks after completing treatment.

Results. In the telaprevir group, 84% (16/19) of men achieved SVR12 vs 63% (30/48) in the comparator group.
Among men with SVR, median time to undetectable viral load was week 2 in the telaprevir group vs week 4 in the
comparator group, and 94% vs 53% had undetectable viral loads at week 4. Most patients (81%) who achieved SVR
in the telaprevir group received <12 weeks of treatment and there were no relapses after treatment. The overall

safety profile was similar to that known for telaprevir-based regimens.

Conclusions.

Incorporating telaprevir into treatment of acute genotype 1 HCV in HIV-infected men halved the

treatment duration and increased the SVR rate. Larger studies should be done to confirm these findings. Clinicians
should be alert to detect acute HCV infection of HIV-infected men to take advantage of this effective therapy and

decrease further transmission in this epidemic.
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Hepatitis C virus (HCV) chronically infects an estimat-
ed 5.2 million people in the United States and 170
million people worldwide [1]. However, as most initial
(“acute”) infections are completely asymptomatic,
newly infected people are rarely identified. The impor-
tance of finding these newly HCV-infected people
during the acute phase was made clear in the seminal

Received 22 July 2013; accepted 22 October 2013; electronically published 13
December 2013.

The members of the New York Acute Hepatitis C Surveillance Network are
listed in the Acknowledgements.

Correspondence: Daniel Seth Fierer, MD, Mount Sinai School of Medicine, 1
Gustave L. Levy Place, Box 1009, New York, NY 10029 (daniel.fierer@mssm.edu).

Clinical Infectious Diseases 2014;58(6):873-9

© The Author 2013. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com.

DOI: 10.1093/cid/cit799

paper by Jaeckel et al [2] that showed a nearly 100%
sustained virologic response (SVR) rate using just 24
weeks of interferon alone, an SVR rate many times
higher than that of chronically infected patients at that
time, and with just half the duration of interferon [3].
We are now faced with an entirely new group of pa-
tients who are becoming HCV infected in the interna-
tional epidemic of sexually transmitted HCV infection
among human immunodeficiency virus (HIV)-infected
men who have sex with men (MSM). Published cure
rates after treatment of acute HCV in these men, using
pegylated interferon (peg-IFN) plus ribavirin (RBV)
for 24-48 weeks’ duration, are not as good as those of
Jaeckel et al [2], ranging from 53% to 83% [4-15], but
are clearly better than the 27%-40% success rates in
treatment of chronic HCV in HIV-infected men [16, 17].
Still, even with 48 weeks of treatment in many of these
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studies of acute HCV, fewer than two-thirds of patients
achieved SVR, leaving a large proportion of these men uncured,
with the possibility of experiencing rapidly advancing liver
disease [18-21] and of infecting others and further propagating
the epidemic. With the commercial availability of telaprevir
(TVR) in the United States, we hypothesized that its potent activ-
ity against genotype 1 HCV would allow us to further shorten
the treatment period while also improving the SVR rate. We
therefore undertook a study of a 12-week treatment course with
a combination of TVR, peg-IFN, and RBV in HIV-infected
MSM with newly acquired genotype 1 HCV.

METHODS

HIV-infected MSM suspected to have newly acquired HCV in-
fection were referred to a practice (D.S.F.) within the Mount
Sinai Medical Center through a network of HIV providers in
the New York City area (New York Acute Hepatitis C Surveil-
lance Network) as part of a broad investigation of newly
acquired HCV infection among HIV-infected MSM [18-20,
22-24]. Written informed consent was obtained with approval
of the Mount Sinai Institutional Review Board in accordance
with the Helsinki Declaration of 1975, as revised in 2000, and
the men were then screened for eligibility for the TVR treat-
ment protocol. The eligibility criteria were (1) new alanine ami-
notransferase (ALT) elevation to >150 U/mL; (2) genotype 1
HCYV viremia first detected within 6 months of the referral; and
(3) enrollment between July 2011 and September 2012. The
exclusions were (1) non-genotype 1 HCV; (2) antiretroviral
(ARV) regimens contraindicated with TVR that could not be
changed without jeopardizing HIV control; and (3) insurance
that did not cover TVR. Reinfection after previous SVR was not
an exclusion. All ineligible men were offered treatment with
peg-IFN plus RBV (without TVR); those with genotype 1 HCV
were included in the comparator group.

To ensure we would not treat men who had a reasonable
chance of spontaneous clearance, those whose first measured
HCV viral load (VL) was <4 log;o IU/mL or who had a >2
log;o IU/mL drop in VL in the first 4 weeks of observation had
further repeated measurements of ALT and HCV VL drawn
every 2 weeks for 12 weeks before initiating treatment.

The triple therapy regimen was TVR 750 mg by mouth every
8 hours, each dose taken with food containing at least 20 g of fat;
plus RBV (standard weight-based dosing) by mouth in 1 or 2
daily doses; plus peg-IFN 180 g subcutaneously weekly. Treat-
ment duration was 12 weeks, assuming an HCV VL of <5 IU/
mL at week 4 (rapid virologic response [RVR]). Treatment was
stopped if HCV VL was >1000 IU/mL at week 4. Those whose
ARV regimen contained efavirenz took TVR at a dose of 1125
mg by mouth every 8 hours. SVR12, defined as HCV VL <5 IU/
mL at least 12 weeks after completing treatment, was the primary

study endpoint. Secondary endpoints were time to HCV VL <5
IU/mL, proportion with RVR, and SVR24.

The allowed ARV medications for men treated with TVR
were tenofovir, emtricitabine, lamivudine, raltegravir, ritonavir-
boosted atazanavir, rilpivirine, and efavirenz; all others were ex-
cluded. Regimens containing excluded ARV medications were
changed to allowed ARV medications as soon as possible after
enrollment; changes were allowed up until the day of HCV
treatment initiation.

HIV-infected MSM with acute genotype 1 HCV infection
who were treated with the standard dual regimen of peg-IFN
plus weight-based RBV between March 2008 and September
2012 were the comparator group. Response-guided therapy was
used to determine duration of total treatment with peg-IFN +
RBYV based on the week of treatment that the HCV VL was first
<5IU/mL: (1) by week 6, 24 weeks; (2) between weeks 8 and
12, 36-48 weeks; and (3) after week 12, 60 to 72 weeks.

The HCV antibody test we used was a third-generation HCV
enzyme immunoassay version 2.0 (Abbott Laboratories). The
HCV VL tests were COBAS AmpliPrep/COBAS TagqMan
HCV Test (Roche Diagnostics), lower limit of quantification
(LLOQ) 43 TU/mL, lower limit of detection (LLOD) 7 IU/mL for
genotype 1; and transcription-mediated amplification (TMA;
Quest Diagnostics), both LLOQ and LLOD 5 IU/mL. All values
below LLOQ in the real-time polymerase chain reaction (PCR)
assay were confirmed using the TMA assay using the same blood
sample. VL levels between LLOQ and LLOD in the real-time
PCR assay are also referred to as unquantifiable, target detected
(Urp), and VL levels below LLOD as unquantifiable, target not
detected (Urnp), as recently recommended [25]. The HCV geno-
type test was INNO-LiPAssay (Bayer Diagnostics). The HIV VL
test was COBAS AmpliPrep/COBAS TagMan HIV-1 Test,
version 2.0 (Roche Diagnostics), LLOQ 20 copies/mL. IL28B
single-nucleotide polymorphism rs12979860 C and T alleles
were determined using an allele-specific primer extension assay
measured with the Luminex LX 200 instrument (Molecular
Pathology Laboratory, Mount Sinai Medical Center) or by real-
time PCR with allele-specific TagMan probes (LabCorp Raritan
or Quest Diagnostics). As the IL28B polymorphism data were
not yet published at the time we first started treating patients in
the comparator group, this result is not available for 6 men.

RESULTS

We evaluated 41 HIV-infected MSM with acute HCV at the Mount
Sinai Medical Center between July 2011 and September 2012 for
enrollment in the study. Thirty-seven (90%) were referred due to
asymptomatic elevation of ALT found at routine HIV screening
visits; 4 were jaundiced. Seven with non-genotype 1 HCV were
excluded. Seven were unable to receive TVR; 6 had insurance that
did not cover TVR, and 1 was receiving an ARV regimen that

874 e CID 2014:58 (15 March) e HIV/AIDS



roll
=4
n=7
Non-Genotype 1
HCV
n=7
Unable to Receive
TVR*
n=3
Refused TVR
Treatment Protocol
n=5
Spontaneously
Cleared

Figure 1. Flowchart of disposition of human immunodeficiency virus—
infected men with acute hepatitis C infection after enroliment. *All 7 men
who were unable to receive telaprevir were treated as part of the compar-
ator group. Abbreviations: HCV, hepatitis C virus; TVR, telaprevir.

could not be changed without jeopardizing HIV control. These 7
were treated with peg-IFN + RBV and included in the comparator
group. Three refused the treatment protocol; 2 refused all treatment
and progressed to chronic infection, and 1 requested and received
treatment immediately without monitoring for spontaneous
clearance. Five spontaneously cleared HCV during the observa-
tion period (Figure 1). Of the 19 eligible men with acute genotype
1 HCV, 17 had primary HCV infection and 2 had reinfection
after successful treatment (SVR24) with peg-IFN + RBV.

We treated these 19 eligible men with TVR + peg-IFN + RBV
(Table 1). Sixteen of 19 (84%) completed treatment with an
HCV VL of <51U/mL (end of treatment response [ETR]). All
16 with ETR had SVR12, and all had SVR24; there were no re-
lapses after ETR (Table 2).

Six men with SVR12 received either shorter or longer treat-
ment courses than the 12-week protocol. Three were successfully
treated with shorter courses than 12 weeks: 2 discontinued all

Table 1. Baseline Demographics of Telaprevir and Comparator

Groups
Telaprevir Comparator
Characteristic Group (n=19) Group (n=48)
Age, y, median (IQR) 44 (37-49) 42 (34-45)
Race/ethnicity, No. (%)
White 16 (84) 28 (568)
Black 1(5) 10 (21)
Hispanic 2(10) 10 (21)
Duration of HIV, v, 8(4-12) 9 (3-14)
median (IQR)
CD4 count, cells/uL, 680 (503-745) 546 (364—-764)
median (IQR)
HCV genotype, No. (%)
1a 17 (89) 43 (90)
1b 2(11) 5(10)
IL28B genotype, No.? (%)
cC 12 (63) 18 (42)
CT+TT 7 (37) 25 (58)

Abbreviations: HCV, hepatitis C virus; HIV, human immunodeficiency virus;
IQR, interquartile range.

@ IL28B genotype is available for 42 of the 48 acute HCV infections in the
comparator group.

treatment due to adverse events after 4 and 5 weeks, and 1
stopped treatment after 8 weeks at his request. Three men re-
ceived an additional 12 weeks of peg-IFN + RBV after the 12
weeks of triple therapy: 2 at the request of the men, and 1 due to
slow initial VL decline (HCV VL <5 IU/mL at week 6 rather
than week 4). Nonetheless, these treatment courses were much
shorter than in those treated with the standard dual regimen of
peg-IFN + RBV, which is described below (Figure 2).

Three (15%) men failed treatment. In 2 (genotype 1b, white,
IL28B CT; and genotype 1a, black, IL28B TT), their viremia was
never suppressed. The third (genotype 1a, Hispanic, IL28B CT)
had HCV VL <5 IU/mL at week 3 with continued suppression
through week 10 but had breakthrough viremia at week 12.

To assess the importance of having an undetectable VL (Upnp)
vs detectable but not quantifiable VL (Upp) at week 4 in deter-
mining the duration of therapy [26,27], we investigated the concor-
dance between 2 commercially available VL assays with different
sensitivities, TMA and a Roche real-time PCR assay. Thirteen
men with subsequent SVR12 had weekly HCV VL measurements
until VL Upyp in both assays, and 8 (62%) had discordant results:
VL Upnp using the more sensitive TMA assay occurred 1-2
weeks before the less sensitive real-time PCR assay (Table 2,
Figure 3). As a result, 2 men did not have a VL Upyp with the
real-time PCR assay at the week 4 treatment visit but nonetheless
were treated successfully with 12 weeks of triple therapy.

In the comparator group, we treated 48 men with acute HCV
with the standard dual regimen of peg-IFN + RBV between
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Table 2. Characteristics and Treatment Results of HIV-Infected
Men Who Have Sex With Men With Acute Hepatitis C Virus Infec-
tion Who had SVR12 in the Telaprevir and Comparator Groups

Telaprevir Group  Comparator Group

Characteristic SVR12 (n=16) SVR12 (n=30)
Race/ethnicity, No. (%)
White 15/16 (94) 16/28 (57)
Black 0/1 (0) 6/10 (60)
Hispanic 1/2 (50) 8/10 (80)
HCV genotype, No. (%)
1a 15/17 (88) 25/43 (58)
1b 1/2 (50) 5/5 (100)
IL28B genotype, No.? (%)
cc 12/12 (100) 12/17 (71)
CT+TT 4/7 (57) 12/25 (48)
Time to HCV VL <5 IU/mL, 2 (1-3) 4 (3-9)
TMA, wk, median (IQR)
Time to HCV VL <43 ND 3(1-4) NA
(UTND)r real-time PCR, Wk,
median (IQR)
First HCV VL Urnp in TMA 8/13 (62) NA
but not real-time PCR
assay, No.” (%)
RVR achieved, No. (%) 15/16 (94) 16/30 (53)

Abbreviations: HCV VL, Hepatitis C viral load; IQR, interquartile range; NA, not
applicable; ND, not detected; PCR, polymerase chain reaction; RVR, rapid
virological response (Unp at week 4); SVR12, sustained virologic response at
12 weeks after completing treatment; TMA, transcription-mediated
amplification; Urnp, unquantifiable, target not detected.

@ IL28B genotype was available for 24 of 30 men with SVR12 in the
comparator group (see Table 1).

b Complete set of weekly HCV VL data were available for 13 of 16 men with
SVR12 in the telaprevir group.

March 2008 and January 2012 (Table 1), including 7 who could
not receive TVR, as described above. Forty-six had primary
HCYV infection and 2 had reinfection after successful treatment
(SVR24) with peg-IFN +RBV. SVRI2 was achieved in 30
(63%) men. Twenty-three (77%) were treated for 23-28 weeks
and 7 (23%) were treated for >48 weeks (Table 2, Figure 2).
Time to HCV VL <5IU/mL was much longer than in men
with SVR12 in the TVR group (Figure 4). Among the 18 (38%)
with treatment failure, 10 never suppressed viremia, mostly
with null responses; 3 had virological rebound during treatment
after a period of complete virologic suppression; and 5 had vi-
rological relapse after the end of therapy. All 5 who had virolog-
ical relapse had stopped their treatment at 24-33 weeks without
completing the 36- to 48-week treatment recommended to
them based on the response-guided treatment algorithm.

Safety
Nine (47%) men had their ARV regimens changed during the
observation period to allow use of TVR. None had loss of HIV
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Figure 2. Duration of treatment in men with sustained virologic re-
sponse at 12 weeks after treatment (SVR12) treated with telaprevir
(n=16; dashed line) or without telaprevir ( pegylated interferon plus ribavi-
rin only; n=30; solid line). The cumulative percentage of men with SVR12
is shown by duration of treatment for each treatment group. Abbreviations:
SVR, sustained virologic response; TVR, telaprevir.

viral suppression during the treatment or 12-week posttreat-
ment periods.

Two men discontinued treatment early due to adverse events.
One had his treatment discontinued after 4 weeks due to severe
anemia (hemoglobin 6.6 g/dL) requiring transfusion, and in the 3
weeks after treatment he developed zoster and then skin abscess
on his lower neck requiring hospitalization for drainage. Of note,
less than one year before starting HCV treatment, he had received
chemotherapy for stage 4 non-Hodgkin lymphoma, the duration
of which had been reduced due to anemia and leukopenia. The
other participant discontinued treatment after 5 weeks due to
general intolerance of interferon. Both achieved SVR12.

Hemoglobin decline to <10 g/dL occurred in only 1 other
man, and was managed by reduction in RBV dose. Two others
had reduction in RBV dose as hemoglobin levels declined
toward 10 g/dL. All 3 achieved SVR12. Generalized or solely lo-
calized rectal pruritus was reported by 18 (95%) of men, but
only 2 (11%) developed a rash, in both cases mild.

Two men had rarer adverse events associated with interferon.
One developed progressive numbness in his arms to his elbows
and in his legs to his knees that resolved within 12 weeks after
completing treatment. The other had an existing diagnosis of
Raynaud disease and developed polyarticular arthralgias and
prepatellar bursitis [28]. The latter responded to oral antibiotics
and had resolved before the end of treatment, and the former
improved significantly but remained more symptomatic than
he had been before treatment.

DISCUSSION

Almost a decade after the first reports of treatment of acute
HCV in HIV-infected men [4, 29], there is still no clear
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Figure 3. Time to undetectable (target not detected) hepatitis C virus
(HCV) viral load (VL) among men with sustained virologic response at 12
weeks after treatment (SVR12) comparing transcription-mediated amplifi-
cation (TMA; dashed line) and real-time polymerase chain reaction (PCR;
solid line) assays. Thirteen of the 16 men who had SVR12 had weekly
HCV VL measurements using both TMA and real-time PCR assays. The cu-
mulative percentage of men with undetectable HCV VL is shown by time
for the 2 assays. Abbreviations: HCV VL, hepatitis C virus viral load; PCR,
polymerase chain reaction; TMA, transcription-mediated amplification;
Urnp, unquantifiable, target not detected.

consensus about whether the duration of peg-IFN + RBV treat-
ment should be 24 weeks or 48 weeks [7, 11, 12, 15]. Our
response-guided therapy protocol when using peg-IFN + RBV
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Figure 4. Time to undetectable (target not detected) hepatitis C virus
(HCV) viral load (VL) among men with sustained virologic response at 12
weeks after treatment (SVR12) treated with telaprevir (n = 16; dashed line)
or without telaprevir (pegylated interferon plus ribavirin only; n=30; solid
line). The cumulative percentage of men with SVR12 who had undetect-
able HCV VL (transcription-mediated amplification assay, <5 IU/mL) is
shown by time for each treatment group. Abbreviations: HCV VL, hepatitis
C virus viral load; TVR, telaprevir.

without TVR allowed most men to receive only 24 weeks of
dual therapy, but some who had a very slow virologic response
needed 48 weeks or more. Even using response-guided therapy,
our treatment success rate was only 63%. Adding TVR,
however, cut the median time to complete suppression of
viremia in half, increased the SVR rate to 84%, and significantly
reduced the total duration of treatment to only 12 weeks in
most men. The triple regimen was well tolerated by most,
largely due to the much shorter exposure to peg-IFN.

Although these results are promising, this study has limita-
tions. The study was performed in a single clinical practice, was
small in size, and was not randomized. It did not address treat-
ment duration in the TVR group and was not powered to
detect superiority over the comparator group. It should be
noted, however, that the currently accepted standard of treat-
ment of these patients with peg-IFN +RBV was quickly
adapted from just a few studies that were mostly done in single
clinical practices, were small in size, were not randomized, and
were not powered for statistical comparisons to other treat-
ment protocols. Moreover, the benefits of adding TVR to peg-
IFN +RBV in treating chronic HCV infection are established,
both in increasing SVR rate in HIV-infected patients [30],
and in decreasing treatment duration in most HIV-uninfected
patients [31, 32].

Our study raises a few interesting questions about the role of
the IL28B genotypes in acute HCV infection. The IL28B CC
genotype appeared to be overrepresented in the TVR group
(63%) compared to surveys of the general population without
HCV infection [33] or in studies of patients with chronic HCV
infection [34]. Patients presenting with acute HCV infection,
however, are not representative of either the general population
or those with chronic HCV infection, and available data
suggest that the IL28B CC genotype is disproportionately
higher in patients diagnosed with symptomatic or asympto-
matic acute HCV infection. Studies in patients of European
descent entering treatment for acute HCV have found the CC
genotype in 63% (75 of 120) [35], 60% (59 of 98) [36], 58% (18
of 32) [37], and 47% (25 of 74) [38] of patients. Our TVR
group was racially more similar to the European studies than
what might be expected from New York City, probably ac-
counting for some of the difference in the distribution of IL28B
genotypes compared to our comparator group, which was
closer to the expected racial mixture for New York City.

Nonetheless, the higher proportion of the CC genotype in
our TVR-treated patients vs our comparator group could be in
part responsible for the higher success rate that we achieved.
Some with the CC genotype whom we treated might have spon-
taneously cleared, and there may be an advantage imparted by
the CC genotype in the treatment of acute HCV as has been
demonstrated in chronic HCV. We believe these considerations
did not result in a skewing of our results, however. First, the

HIV/AIDS e CID 2014:58 (15 March) o 877



spontaneous clearance rates of 12% in this study and of approx-
imately 15% in our larger overall cohort (further data not shown)
are similar to the very low rates in other studies of acute HCV
infections in HIV-infected men [9, 10, 13, 15, 39]. We also
allowed the standard initial 12-week observation period for
spontaneous clearance, especially for those with large early vi-
rological declines, although this observation period was recent-
ly shown to be of no benefit in symptomatic patients with the
CC genotype [36].

Second, the limited available evidence suggests that any in-
crease in SVR rate associated with the CC genotype when using
peg-IFN + RBV to treat acute HCV infection in HIV-infected
men is small, with an SVR rate of 71% (25 of 35) in the CC ge-
notype compared to 59% (23 of 39) in the CT + T'T genotypes
[38]. Our experience with using peg-IFN + RBV was similar,
with the numerically higher SVR rate of 72% compared to 48%
in those with CC and CT + TT genotypes, respectively. Further-
more, the strongest result from our study, the reduction in
treatment duration to 12 weeks (or fewer) from 24 weeks (or
more) with the addition of TVR, cannot be explained by the
distribution of the IL28B genotypes in the TVR group. Taken
together, the available data support that the IL28B genotype
distribution in our study is approximately what would be ex-
pected in the group of men studied and would therefore not
account for both the higher SVR rate and especially the much
shorter 12-week treatment duration compared to our compara-
tor group and similar cohorts in the published literature.

In conclusion, we treated 19 HIV-infected MSM with acute
genotype 1 HCV infection with TVR + peg-IFN + RBV and
achieved SVR12 in 84%, most strikingly with just 12 weeks or
fewer of total therapy. Larger studies should be done to confirm
these findings. Nonetheless, the addition of TVR appears to
overall improve the treatment of acute genotype 1 HCV infec-
tion in HIV-infected men. IFN-free regimens will be available
in just a few years that will cure most and eventually all HIV-
infected patients with chronic HCV infection. This study, the
first to test a direct-acting anti-HCV drug for acute HCV, is
proof of principle that short courses for acute HCV using these
soon-to-be-available new drugs should be evaluated quickly.
But we believe that strong efforts should be made now to find
and treat the men in this expanding sexually transmitted HCV
epidemic using the currently available treatments including
TVR, rather than waiting for these new treatments, echoing the
call for “test and treat” in HIV [40] and similarly in HCV treat-
ment in injection drug users [41], to try both to prevent liver
disease in these men and to prevent further HCV infections
and control this epidemic.
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