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Abstract

Purpose of review—Healthcare personnel are at risk for occupational exposures to bloodborne
pathogens. Primary prevention remains the first line of defense, but secondary prevention
measures known to be effective should be implemented when percutaneous exposures occur.
Hepatitis C virus (HCV) is a major infectious cause of liver-related morbidity and mortality.
Chronic HCV treatment has changed dramatically, with many all-oral directly acting anti-HCV
antiviral (DAA) regimens now available. Evidence for the use of DAAS as post-exposure
prophylaxis (PEP) after occupational exposures to HCV is summarized here.

Recent findings—L.ittle new evidence supports the use of antivirals in acute HCV infection.
Several preliminary studies have examined the use of DAAS or host target agents (HTAS) in
chronic HCV treatment. Effective HCV PEP requirements likely include pan-genotypic activity
and a high barrier to resistance. One investigational DAA has shown promising results as an
efficacious option for all genotypes in chronic HCV treatment and may ultimately represent a
potential HCV PEP agent.

Summary—Insufficient supporting data exist to endorse the use of DAAs for PEP after HCV
occupational exposures; additional studies examining efficacy, duration, and cost-effectiveness are
needed. Development of more oral drugs possessing a high barrier of resistance and equal activity
against all HCV genotypes is anticipated.

Keywords
Keywords: Bloodborne pathogens; post-exposure prophylaxis; HCV; direct acting antiviral agents

"Corresponding author: DHenderson@cc.nih.gov.
Disclosure statement: Neither HYH nor DKH have any disclosures

Conflicts of Interest: There are no conflicts of interest



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hughes and Henderson Page 2

Introduction

Healthcare personnel continue to be at risk of acquiring bloodborne pathogens such as HIV,
Hepatitis B virus (HBV) and HCV as a result of occupational exposures. The Centers for
Disease Control and Prevention (CDC) estimates that over 380,000 percutaneous-related
injuries occur annually among hospital employees and approximately half of such exposures
go unreported [1-3]. Primary prevention remains the most important strategy for averting
occupational infection with bloodborne pathogens. When exposures do occur, secondary
prevention with exposure-specific PEP should be offered to healthcare personnel when
existing scientific evidence supports the use of PEP. Recommendations for HIV and HBV
PEP have been recently updated, whereas similar guidelines for HCV exposures remain
unchanged [4-6]. No vaccine, intravenous therapy or other chemoprophylaxis is currently
recommended for HCV PEP. However, the FDA approval of several new antiviral DAASs has
dramatically changed the landscape of chronic HCV management [7]. Treatment options
now include all-oral regimens with shorter durations and fewer adverse effects than
interferon (IFN)-based therapy [8]. In this context, we consider the role that these new
agents may ultimately have in the management of HCV occupational exposures.

Hepatitis C Epidemiology

HCV is a major cause of chronic liver disease and liver transplantation. Globally, the
prevalence of HCV is 3% with 130-150 million people estimated to have chronic infection
and approximately 500,000 deaths per year attributed to HCV-related liver disease [9]. The
most recent National Health and Nutrition Examination Survey (NHANES) estimate of the
prevalence of HCV infection in the United States is 2.5-4.7 million [10, 11]. HCV is the
leading cause of liver transplantation and, since 2007, has surpassed HIV as a cause of death
in the United States [12, 13].

The risk of developing HCV infection after a parenteral exposure is estimated at 1.9%.
Whereas this risk is much lower when compared with similar exposures to HBV, the number
of HCV patients accessing the U.S. healthcare system appears to be increasing [14]. With no
existing vaccine available, occupational exposure to HCV remains important.

Hepatitis C Lifecycle and Pathogenesis of Infection

Understanding the HCV lifecycle has allowed development of drugs that have inhibitory
actions targeted at various steps of the viral lifecycle. Antivirals currently on the market or in
clinical development have two main targets of inhibition: HCV protein maturation (NS3-4a
protease inhibitors) and HCV RNA synthesis (NS5a and non-nucleoside inhibitors,
nucleoside/nucleotide analogues, and host target agents) [15]. HCV, a positive-stranded
RNA virus lacking a latent form, replicates its genome directly into RNA using an error-
prone RNA polymerase. The importance of the viral species heterogeneity resulting from
such error was magnified by the selection of resistant viral variants that occurred during
monotherapy with the first-generation HCV protease inhibitors, a class of DAAs with a low
barrier to resistance. Selection of resistant viral variants does not usually occur when using
drugs with a high barrier to resistance, but cross-resistance within a drug class can occur.
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Each of the currently approved DAAs has differing barriers to resistance and differing
activity against each viral genotype. We now understand that successful antiviral regimens
require a combination of drugs from different classes in order to increase the barrier to
resistance and achieve lasting sustained virologic response (SVR).

Management of Hepatitis C Occupational Exposure

Adherence to standard precautions remains the cornerstone of preventing occupational
exposures [16]. Secondary prevention practices that have documented efficacy should be
implemented when exposures occur after primary prevention fails. Any employee who
sustains a workplace injury associated with risk for a bloodborne pathogen infection should
receive immediate first aid. Further management recommendations such as cleansing the
injury site, reporting exposures to occupational health, urgent evaluation of the exposure
source for HIV, HBV, and HCV, and evaluation of the exposed healthcare worker for
preexisting bloodborne pathogen infections, are unchanged [4-6, 17].

Diagnostic testing recommendations specific to HCV exposure are also unchanged.
Healthcare personnel who sustain occupational exposures to HCV should be tested for HCV
antibody and for HCV RNA (by polymerase chain reaction &Isqb;PCR&rsqgb;). This initial
testing should be performed within 48 hours of exposure to document pre-existing HCV
infection [8]. Current U.S. Public Health Service guidelines recommend repeat serological
testing at 6 months [6]. Many U.S. institutions have adopted a repeat testing frequency for
both anti-HCV antibody and HCV RNA based upon either a “pre-emptive” or “watchful
waiting” management strategy [18]. The first strategy, implementation of IFN therapy after
detection of repeatedly positive HCV-RNA assays in the exposed healthcare worker, is based
upon accumulated evidence that the treatment of acute HCV infection is more successful
than chronic HCV. Proponents of “watchful waiting,” in which patients diagnosed with acute
HCYV are closely monitored for 3-4 months for persistent viremia before IFN is started, cite
evidence that 20-40% of patients who develop acute HCV spontaneously clear their
infections [19]. Both of these approaches aim to diagnose and treat acute infections before
they progress to chronic HCV, a diagnosis with a poorer prognosis; however, the urgency of
treating acute infection may be reduced with the notable success of oral DAAs in chronic
infection. Current American Association for the Study of Liver Diseases (AASLD)
guidelines recommend that if acute HCV infection is treated, the same genotype-specific
regimens and duration as those approved for chronic infection should be used [8].

Hepatitis C Post-exposure Prophylaxis

PEP for occupational exposures to bloodborne pathogens is treatment given to healthcare
personnel in the time period immediately following exposure and has the goal of preventing
infection with specific pathogens. This approach is distinguished from the “pre-emptive” or
“watchful waiting” strategies which involve the treatment of a pathogen after infection has
occurred.

The rationale for PEP administration after occupational exposures to HIV has been
previously described [20]. Understanding the sequence of events of early HIV infection has
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provided data suggesting that early chemoprophylaxis may limit viral proliferation and
dissemination within localized infected dendritic cells. Subsequent animal and human
studies have demonstrated the efficacy of HIV PEP and it is now widely accepted practice in
the U.S. [4].

Less persuasive evidence exists for the use of PEP after occupational exposure to HCV.
Previous case reports of IFN therapy given after needlestick injuries were either
unsuccessful or unconvincing [21, 22]. A more recent pilot study examined the efficacy of
four weeks of weekly peginterferon (PeglFN) administered to 44/51 enrolled healthcare
personnel following percutaneous or mucous membrane exposures to HCV-positive sources
[23]. No cases of HCV transmission occurred in any of the healthcare personnel, including
162 who did not enroll in the study. Because of the overall absence of HCV transmission,
the authors concluded there was “little evidence to support prophylaxis against hepatitis C in
healthcare workers.” Given the relatively low infection rate associated with occupational
exposures to HCV (i.e., approximately 2%) and the very high costs associated with the
administration of DAAs, the strategy of monitoring for infection and then treating acute
infection may be more cost-effective. In addition, the genotype-specific antiviral activity of
DAAs makes PEP impractical when the source patient's genotype is not known.

One recent letter published in Hepatology raised many important questions about HCV PEP
in the DAA era [24]. As in the case for HIV, careful thought should be given to the
pathogenesis of early vs. late HCV infection when considering the use of chemoprophylaxis.
Clinical features such as age <40 years, female gender, and jaundice are associated with
spontaneous viral clearance during acute infection [19]. However, the majority of people
who have acute HCV infection are asymptomatic, making this stage of HCV infection
difficult to identify. Nearly all of the existing evidence for DAA use is based upon
experience in chronic HCV treatment; to our knowledge, no published trials or case reports
describe the use of these agents either as PEP or as primary therapy for acute HCV infection.
In this context, based upon our understanding of treatment during late infection, an effective
HCV PEP regimen would presumably require a combination of at least two drug classes
with the following requirements: (1) “pan-genotypic” activity against all HCV genotypes,
(2) a high barrier to resistance, (3) easy tolerability, and (4) treatment duration that is
considerably shorter than the currently approved 12-24 week treatment regimens. Decreased
adherence (either due to non-compliance or treatment duration) may result in resistant HCV
viral variant selection. None of the current DAASs are approved specifically for PEP, but
several approved or investigational agents may have a potential role in HCV PEP and are
worthy of discussion.

Oral DAASs

Sofosbuvir, a nucleotide analogue that acts as a false substrate for the HCV RNA
polymerase, is the only FDA-approved DAA with documented pan-genotypic activity and a
high barrier to resistance [15]. Sofosbuvir in combination with ribavirin is recommended as
one option for treatment-naive patients who have chronic infections caused by genotypes 2,
3, and 4, and as an alternative regimen for those infected with genotypes 5 & 6 [8]. The
treatment duration and recommendation to include IFN varies by genotype. High SVR rates
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were reported in genotype 1 patients when given with IFN for 12 weeks, but sofosbuvir/
ribavirin (with or without IFN) is not recommended for use in genotype 1 because it is
inferior to other recommended oral IFN-free regimens [8, 25]. The genotype-specific
varying results of these trials and the lack of evidence for an entirely IFN-free regimen do
not support the use of sofosbuvir/ribavirin as optimal HCV PEP chemoprophylaxis.

Velpatasvir, an investigational pan-genotypic NS5A inhibitor, has recently been evaluated as
a once-daily fixed-dose combination pill that also contains sofosbuvir. In January 2016, the
FDA granted priority review to Gilead Sciences' New Drug Application for the use of
sofosbuvir/velpatasvir in chronic HCV genotypes 1-6 [26]. Three recent studies have
evaluated this combination in previously treated and untreated patients both with and
without cirrhosis. ASTRAL-1 is a phase 3, double-blind, placebo-controlled international
trial comparing 12 weeks of sofosbuvir/velpatasvir to placebo in genotypes 1, 2, 4, 5, and 6
patients [27]. Regardless of genotype, SVR12 rates were greater than 98% (99% in
individuals with cirrhosis) in those receiving sofosbuvir/velpatasvir. ASTRAL-2 and
ASTRAL-3 are phase 3, randomized, open-label studies examining 12 weeks of daily
sofosbuvir/velpatasvir vs. sofosbuvir/RBV for 12 weeks (genotype 2) or 24 weeks (genotype
3) [28]. Both studies demonstrated high SVR12 rates in patients treated with sofosbuvir/
velpatasvir compared to sofosbuvir/RBV, although a greater difference was noted among
genotype 3 patients (95% vs. 80%). In all three trials, patients receiving sofosbuvir/
velpatasvir had rare virologic failure and experienced an overall low adverse event rate.
Taken together, the results of the three ASTRAL studies suggest that sofosbuvir/velpatasvir
is a highly efficacious and well-tolerated pan-genotypic DAA. Whereas the overall number
of both genotype 5 and black patients were under-represented in these studies, the
combination of sofosbuvir/velpatasvir is promising. We await further investigational studies
of this combination.

Host Target Agents

Successful HCV replication depends upon interactions with human cellular components
such as enzymes or small RNAs. Host target agents (HTAS) block viral replication via
inhibition of these components; because they target human structures, HTAs can exhibit both
pan-genotypic antiviral activity and a high barrier to resistance [15]. Cyclophilin A'is a
proline isomerase whose interaction with NS5A is essential for HCV replication [29, 30].
Originally discovered as the target of the immunosuppressive drug cyclosporine, animal
studies have demonstrated lower levels of HCV replication in cyclophilin A-deficient mice
[29]. Three cyclophilin inhibitors currently in clinical development include alisporivir,
SCY-635, and NIM811. Although early clinical trial data on alisporivir in genotype 2 and 3
infections are promising, a trial in patients infected with genotype 1 was placed on partial
clinical hold due to reports of pancreatitis [31, 32].

SCY-635, an oral cyclosporine A analog, stops HCV replication by blocking NS5A and
cyclophilin A interactions [33]. A previous phase 1b study examined 15 days of SCY-635
dose escalation in 20 genotype 1 patients [34]. Serial IFN and HCV RNA serum levels
revealed the greatest HCV RNA reduction in patients with IL28B genotype receiving
SCY-635 300 mg TID. Another study evaluated the addition of SCY-635 to PeglFN for 28
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days in 10 treatment naive genotype 1 patients without cirrhosis [35]. By week 24, 63% of
patients who received SCY-635/ PeglFN experienced undetectable HCV RNA,; by contrast,
none of the patients treated with PeglFN alone had a 2 log;g HCV RNA decline. Similar
HCV RNA declines were observed in a small safety and pharmacokinetic study of the
addition of the cyclophilin inhibitor NIM811 to PeglFN [36]. Whereas the results from these
3 studies suggest that SCY-635 or NIM811 could restore human immune responses to IFN
treatment, they likely have less relevance in the IFN-free regimen era. The role of cycophilin
inhibitors in hepatitis C and other liver diseases has been recently reviewed [37]; future
studies could elucidate their role as an addition to oral treatment regimens [38]. At the
current time, no evidence supports the use of either of these agents for chemoprophylaxis.

MicroRNAs are small noncoding RNAs involved in posttranscriptional gene expression
regulation via binding site regions on messenger RNAs [39]. MicroRNA-122 is found in the
human liver and stimulates HCV protein translation by direct interaction with the HCV
genome, resulting in accelerated small ribosomal-HCV RNA binding [40]. Miravirsen is an
injectable microRNA-122 inhibitor associated with HCV viral suppression in chimpanzee
and human phase 1 studies [41]. A subsequent phase 2b study evaluating the safety and
efficacy of 29 days of miravirsen given to 36 treatment-naive genotype 1 patients
demonstrated dose-dependent serum HCV RNA reductions [42]. Some animal studies have
demonstrated that decreased levels of microRNASs could be associated with cancer. A recent
phase 2a study in 16 chronic HCV patients treated with 4 weeks of miravirsen showed
decreased microRNA-122 levels without significant reduction in other microRNA levels
[43]. While interesting, the use of an injectable drug for several weeks as HCV PEP is less
desirable than oral options.

Conclusion

In summary, the treatment of HCV has rapidly evolved and the highly successful cure rates
using IFN-free oral DAA combination regimens has tremendous potential to significantly
reduce liver-related morbidity and mortality. From a public health standpoint, PEP could
possibly help decrease the transmission of HCV and spare infected patients both the
inconvenience and costs associated with additional weeks of treatment. However, data
supporting the utility of PEP after HCV occupational exposures is lacking.

One reason that the DAAs may not have been used in the PEP setting is that these agents can
effect a complete cure in most instances — even when longstanding, chronic HCV infection
is detected. Conversely, PEP for occupational exposures to HIV may prevent an infection
that cannot be subsequently cured with directly acting therapies. Because PEP use would
treat approximately 100 HCV-exposed individuals for every two who become infected
following occupational exposures, the “watchful waiting” strategy may actually make most
sense. The DAAs, as a group, are expensive, so this latter approach may be cost-effective as
well.

Without doubt, clinical trials are needed to evaluate, in the post-exposure setting, the
feasibility, duration, appropriate regimens, and cost effectiveness of PEP vs. monitoring for
infection and treating acute infection when identified. At this point in time insufficient
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evidence exists to support the use of DAAs or HTAs as HCV PEP. We await further data
and/or the future development of oral drugs that possess a high barrier of resistance and
broad activity against all HCV genotypes.

Acknowledgments

None

Financial Support: None

References

Papers of particular interest, published within the annual period of review, have been
highlighted as:

* of special interest
** of outstanding interest

1. NaSH. Summary Report for Blood and Body Fluid Exposure Data Collection from Participating
Healthcare Facilities (June 1995 through December 2007). CDC. http://www.cdc.gov/nhsn/PDFs/
NaSH/NaSH-Report-6-2011.pdf2011

2. NIOSH. Stop Sticks Campaign. CDC. http://www.cdc.gov/niosh/stopsticks/2011

3. Panlilio AL, Orelien JG, Srivastava PU, et al. Estimate of the annual number of percutaneous
injuries among hospital-based healthcare workers in the United States, 1997-1998. Infect Control
Hosp Epidemiol. 2004; 25(7):556-62. [PubMed: 15301027]

4. Kuhar DT, Henderson DK, Struble KA, et al. Updated US Public Health Service guidelines for the
management of occupational exposures to human immunodeficiency virus and recommendations for
postexposure prophylaxis. Infect Control Hosp Epidemiol. 2013; 34(9):875-92. [PubMed:
23917901]

5. Schillie S, Murphy TV, Sawyer M, et al. CDC guidance for evaluating health-care personnel for
hepatitis B virus protection and for administering postexposure management. MMWR Recomm
Rep. 2013; 62(Rr-10):1-19.

6. Updated U. S. Public Health Service Guidelines for the Management of Occupational Exposures to
HBV, HCV, and HIV and Recommendations for Postexposure Prophylaxis. MMWR Recomm Rep.
2001; 50(Rr-11):1-52.

7. Chung RT, Baumert TF. Curing chronic hepatitis C--the arc of a medical triumph. N Engl J Med.
2014; 370(17):1576-8. [PubMed: 24720678]

8. AASLD-IDSA. [Jan 2016 02/06/2016] Recommendations for testing, managing, and treating
hepatitis C. Available from: http://www.hcvguidelines.org

9. WHO. Hepatitis C. Jul. 2015 Available from: http://www.who.int/mediacentre/factsheets/fs164/en/

10*. Edlin BR, Eckhardt BJ, Shu MA, et al. Toward a more accurate estimate of the prevalence of

hepatitis C in the United States. Hepatology. 2015; 62(5):1353-63. Systematic review of
unpublished data and presentations representing sub-populations excluded from NHANES
2003-10 thought to be HCV-infected; provides a more accurate estimate of the U.S. prevalence of
HCV infection. [PubMed: 26171595]

11. Denniston MM, Jiles RB, Drobeniuc J, et al. Chronic hepatitis C virus infection in the United
States, National Health and Nutrition Examination Survey 2003 to 2010. Ann Intern Med. 2014;
160(5):293-300. [PubMed: 24737271]

12. CDC. [January 2016 Accessed 2/7/16] Viral Hepatitis- Hepatitis C Information. Available from:
http://www.cdc.gov/hepatitis/hcv/hcvfag.htm - sectionl

13. Ly KN, Xing J, Klevens RM, et al. The increasing burden of mortality from viral hepatitis in the
United States between 1999 and 2007. Ann Intern Med. 2012; 156(4):271-8. [PubMed: 22351712]

Curr Opin Infect Dis. Author manuscript; available in PMC 2017 August 01.


http://www.cdc.gov/nhsn/PDFs/NaSH/NaSH-Report-6-2011.pdf2011
http://www.cdc.gov/nhsn/PDFs/NaSH/NaSH-Report-6-2011.pdf2011
http://www.cdc.gov/niosh/stopsticks/2011
http://www.hcvguidelines.org
http://www.who.int/mediacentre/factsheets/fs164/en/
http://www.cdc.gov/hepatitis/hcv/hcvfaq.htm-section1

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hughes and Henderson Page 8

14. Galbraith JW, Donnelly JP, Franco RA, et al. National estimates of healthcare utilization by
individuals with hepatitis C virus infection in the United States. Clin Infect Dis. 2014; 59(6):755—
64. [PubMed: 24917659]

15. Pawlotsky JM. New hepatitis C therapies: the toolbox, strategies, and challenges. Gastroenterology.
2014; 146(5):1176-92. [PubMed: 24631495]

16. Beekmann SE, Henderson DK. Protection of healthcare workers from bloodborne pathogens. Curr
Opin Infect Dis. 2005; 18(4):331-6. [PubMed: 15985830]

17. Henderson DK. Management of needlestick injuries: a house officer who has a needlestick. JAMA.
2012; 307(1):75-84. [PubMed: 22146902]

18. Henderson DK. Managing occupational risks for hepatitis C transmission in the health care setting.
Clin Microbiol Rev. 2003; 16(3):546-68. [PubMed: 12857782]

19. Kamal SM. Acute hepatitis C: a systematic review. Am J Gastroenterol. 2008; 103(5):1283-97.
[PubMed: 18477352]

20. Henderson, DK. Mandell, Douglas, and Bennett's Principles and Practice of Infectious Diseases. 7.
Human Immunodeficiency Virus in Health Care Settings.

21. Nakano Y, Kiyosawa K, Sodeyama T, et al. Acute hepatitis C transmitted by needlestick accident
despite short duration interferon treatment. J Gastroenterol Hepatol. 1995; 10(5):609-11.
[PubMed: 8963040]

22. Arai Y, Noda K, Enomoto N, et al. A prospective study of hepatitis C virus infection after
needlestick accidents. Liver. 1996; 16(5):331-4. [PubMed: 8938635]

23. Corey KE, Servoss JC, Casson DR, et al. Pilot study of postexposure prophylaxis for hepatitis C
virus in healthcare workers. Infect Control Hosp Epidemiol. 2009; 30(10):1000-5. [PubMed:
19743901]

24*. Bruno R, Aghemo A. Hepatitis C virus post-exposure prophylaxis: A reasonable option in the era
of pangenotypic direct-acting antivirals? J Hepatol. 2015; 63(5):1294. Interesting letter to the
editor raising several important questions about the potential future use of DAAs in HCV PEP.
[PubMed: 26297328]

25. Lawitz E, Mangia A, Wyles D, et al. Sofosbuvir for previously untreated chronic hepatitis C

infection. N Engl J Med. 2013; 368(20):1878-87. [PubMed: 23607594]

26. Gilead Announces U.S. FDA Priority Review Designation for Sofosbuvir/\elpatasvir for
Treatment of All Genotypes of Chronic Hepatitis C Infection. &lsgb;press release&rsqgb;.https://
www.gilead.com/news/press-releases/2016/1/gilead-announces-us-fda-priority-review-
designation-for-sofosbuvirvelpatasvir-for-treatment-of-all-genotypes-of-chronic-hepatitis-c-
infection

27**, Feld JJ, Jacobson IM, Hezode C, et al. Sofosbuvir and Velpatasvir for HCV Genotype 1, 2, 4, 5,
and 6 Infection. N Engl J Med. 2015; 373(27):2599-607. Important phase 3, double-blind,
placebo controlled trial (ASTRAL-1) demonstrating the efficacy of a fixed dose combination
DAA regimen (Sofosbuvir/Velpatasvir) given for 12 weeks to treatment naive/experienced
patients with and without cirrhosis infected with genotypes 1-2 & 4-6. [PubMed: 26571066]

28**, Foster GR, Afdhal N, Roberts SK, et al. Sofosbuvir and Velpatasvir for HCV Genotype 2 and 3
Infection. N Engl J Med. 2015; 373(27):2608-17. Phase 3, randomized, open-label studies
(ASTRAL-2 and ASTRAL-3) demonstrating the efficacy of 12 or 24 weeks of Sofosbuvir/
Velpatasvir given to patients infected with genotypes 2 & 3. In combination with ASTRAL-1,
these studies reveal the potential for the pan-genotypic, high barrier to resistance antiviral activity
of a fixed-dose combination DAA regimen in chronic HCV treatment. [PubMed: 26575258]

29. Dorner M, Horwitz JA, Donovan BM, et al. Completion of the entire hepatitis C virus life cycle in

genetically humanized mice. Nature. 2013; 501(7466):237-41. [PubMed: 23903655]
30. Fernandes F, Ansari IU, Striker R. Cyclosporine inhibits a direct interaction between cyclophilins
and hepatitis C NS5A. PLoS One. 2010; 5(3):e9815. [PubMed: 20352119]

31*. Pawlotsky JM, Flisiak R, Sarin SK, et al. Alisporivir plus ribavirin, interferon free or in
combination with pegylated interferon, for hepatitis C virus genotype 2 or 3 infection.
Hepatology. 2015; 62(4):1013-23. Phase 2 clinical trial showing that the oral HTA Alisporivir
could represent a potential addition to oral regimens in the treatment of chronic HCV treatment
naive patients with genotypes 2 or 3. [PubMed: 26118427]

Curr Opin Infect Dis. Author manuscript; available in PMC 2017 August 01.


https://www.gilead.com/news/press-releases/2016/1/gilead-announces-us-fda-priority-review-designation-for-sofosbuvirvelpatasvir-for-treatment-of-all-genotypes-of-chronic-hepatitis-c-infection
https://www.gilead.com/news/press-releases/2016/1/gilead-announces-us-fda-priority-review-designation-for-sofosbuvirvelpatasvir-for-treatment-of-all-genotypes-of-chronic-hepatitis-c-infection
https://www.gilead.com/news/press-releases/2016/1/gilead-announces-us-fda-priority-review-designation-for-sofosbuvirvelpatasvir-for-treatment-of-all-genotypes-of-chronic-hepatitis-c-infection
https://www.gilead.com/news/press-releases/2016/1/gilead-announces-us-fda-priority-review-designation-for-sofosbuvirvelpatasvir-for-treatment-of-all-genotypes-of-chronic-hepatitis-c-infection

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hughes and Henderson

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42

43

Page 9

. Zeuzem S, Flisiak R, Vierling JM, et al. Randomised clinical trial: alisporivir combined with
peginterferon and ribavirin in treatment-naive patients with chronic HCV genotype 1 infection
(ESSENTIAL 11). Aliment Pharmacol Ther. 2015; 42(7):829-44. [PubMed: 26238707]

Hopkins S, Bobardt M, Chatterji U, et al. The cyclophilin inhibitor SCY-635 disrupts hepatitis C
virus NS5A-cyclophilin A complexes. Antimicrob Agents Chemother. 2012; 56(7):3888-97.
[PubMed: 22585215]

Hopkins S, DiMassimo B, Rusnak P, et al. The cyclophilin inhibitor SCY-635 suppresses viral
replication and induces endogenous interferons in patients with chronic HCV genotype 1 infection.
J Hepatol. 2012; 57(1):47-54. [PubMed: 22425702]

Muir, AJ., Rodriguez-Torres MB-EKPMH, S., Ribeill, Y. Short Duration Treatment with SCY-635
Resotres Sensitivity to Peg-IFN/RBV in Difficult to Treat, IL28B TT/CT, HCV Genotype 1
Patients. AASLD; Boston: 2012. p. 234A

Lawitz E, Godofsky E, Rouzier R, et al. Safety, pharmacokinetics, and antiviral activity of the
cyclophilin inhibitor NIM811 alone or in combination with pegylated interferon in HCV-infected
patients receiving 14 days of therapy. Antiviral Res. 2011; 89(3):238-45. [PubMed: 21255610]
Membreno FE, Espinales JC, Lawitz EJ. Cyclophilin inhibitors for hepatitis C therapy. Clin Liver
Dis. 2013; 17(1):129-39. [PubMed: 23177289]

Naoumov NV. Cyclophilin inhibition as potential therapy for liver diseases. J Hepatol. 2014; 61(5):
1166-74. [PubMed: 25048953]

Ambros V. The functions of animal microRNAs. Nature. 2004; 431(7006):350-5. [PubMed:
15372042]

Henke JI, Goergen D, Zheng J, et al. microRNA-122 stimulates translation of hepatitis C virus
RNA. Embo j. 2008; 27(24):3300-10. [PubMed: 19020517]

Hildebrandt-Eriksen ESB, YZ. A unique therapy for HCV inhibits microRNA-122 in humans and
results in HCV RNA suppression in chronically infected chimpanzees: results from primate and
first-in-human studies. AASLD; Hepatology: 2009. p. 228A

. Janssen HL, Reesink HW, Lawitz EJ, et al. Treatment of HCV infection by targeting microRNA. N
Engl J Med. 2013; 368(18):1685-94. [PubMed: 23534542]

*. van der Ree MH, van der Meer AJ, van Nuenen AC, et al. Miravirsen dosing in chronic hepatitis
C patients results in decreased microRNA-122 levels without affecting other microRNASs in
plasma. Aliment Pharmacol Ther. 2016; 43(1):102-13. Randomized, double-blind clinical trial
that showed decreased microRNA-22 levels (with stable levels of other microRNAS) in a small
number of patients treated with Miravirsen. Potentially interesting as previous animal studies
demonstrated decreased levels of microRNAs could be associated with cancer. [PubMed:
26503793]

Curr Opin Infect Dis. Author manuscript; available in PMC 2017 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hughes and Henderson

Page 10

Key Points

Hepatitis C is a major global cause of liver-related morbidity and mortality
and healthcare workers remain at risk for occupational exposures to this
bloodborne pathogen

Successful chronic HCV treatment requires the use of DAA regimens
composed of a combination of drugs from different classes to increase the
barrier to resistance and achieve lasting sustained virologic response

No published data exist supporting the use of DAA or HTA regimens either
for PEP or as primary therapy for acute HCV infection

Effective HCV PEP regimens likely require the use of oral combination
regimens that have pan-genotypic antiviral activity and a high barrier to
resistance

More evidence supporting the feasibility, duration, appropriate regimen, and
cost effectiveness is needed before HCV PEP could be recommended.
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