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AFFIDAVIT

I, DR. VINCE BAIN, of University of Alberta, 1.55 Zeidler Center, 130 University
Campus, Edmonton, Alberta, SWEAR (OR AFFIRM) THAT:

Qualifications

1. | am a physician specializing in gastroenterology and hepatology. | am a Fellow
of the Royal College of Physicians of Canada in Internal Medicine and in
Gastroenterology. | am a member of the College of Physicians and Surgeons in
Alberta. | am Board certified by the American Board of Internal Medicine.
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2. | have a clinical practice as well as teaching responsibilities at the University of
Alberta. In my clinical practice, | treat persons who are infected with the Hepatitis C
Virus ("HCV”). | estimate that | currently treat or follow 200 HCV patients. | estimate

that | have treated more than 500 HCV patients over the courée of my career.

3. | am a Professor in the Division of Gastroenterology, Department of Medicine at
the University of Alberta | have had this position since 2002. | am also the Medical
Director of the Liver Transplant Program at the University of Alberta and have been
since 1989. Since 2000 | have been the Director of the Liver Unit, Division of

Gastroenterology, Department of Medicine, at the University of Alberta.

4.‘ From 2000-2002 | was the Chairman} of the Hepatology and Liver Transplant
Committee of the Canadian Association of Gasfroenterology. | am a member of the
Canadian Association for the Study of the Liver, known as CASL, a society consisting of
Canadian gastroenterologists and hepatologists (gastroenterologists who specialize in
the treatment of the liver). From 2002-2004 | was the President of CASL. From 2004-
2006 | was the Chairman of the Medical Advisory Board of the Canadian Liver

Foundation.
5. ‘A Copy of my curriculum vitae is attached as Exhibit “A” to this affidavit.
6. | This affidavit addresses the nature of HCV, its disease stages, co-morbidities,

treatment, and outcomes. | have reviewed the affidavits of Dr. Frank Anderson sworn in
this matter. This affidavit updates the information provided in those affidavits,
particularly in the area pertaining to treatment and treatment outcomes. The sections of
this affidavit headed the Hepétitis C Virus and Course of Infection include summaries of
the more detailed information provided in Dr. Anderson’s previous affidavits to provide
the reader with context to understand the updates on treatment and outcomes. Those
- previous sections are summarized (as opposed to composed e:\new) as | agree with

them and saw no_need to rewrite them.

7. In making this affidavit, | certify _that | am aware that rhy duty is to:
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(a) provide opinion evidence that is fair, objective and non-partisan and

related only to matters within my area of expertise; and

(b)  assist the court and provide such additional assistance as the-court may

reasonably require to determine a matter in issue.

8. | am aware that the foregoingvduties prevail over any obligation | may owe to any
party on whose behalf | am engaged and | am aware that | am not to be an advocate for
any party. | confirm that this affidavit conforms with the above-noted duties. | further
confirm that if called upon to give oral or written testimony, | will give such testimony in

conformity with these duties.

The Hepatitis C Virus

9. Hepatitis means inflammation of the liver. Inflammation causes damage to liver
cells and death of liver cells. Ongoing inflammation leads to fibrosis which is
progressive. The virus causing Hepatitis C was identified in late 1989 and the first

diagnostic serum tests appeared in 1990. |

Nature of the Virus and Genotypes

10. HCV is a ribonucleic (“RNA”) virus. The virus takes the form of six different
“genotypes” which vary in distribution worldwide. These genotypes are described with
numbers 1 to 6. There are smaller differences within each genotype referred to as
“subtypes”, and these are designated a, b and c. The process of determining the

genotype and subtype with which a person is infeéted is called genotyping and |

subtyping.

11. Some patients may have a more virulent clinical course, and certain gehotypes
respond less well to a given treatment than others. The virus may mutate during viral
replication and possibly as a result of treatment. This is common in RNA viruses
because their method of replication involves many spontaneous errors. Mutation,

particularly during treétment, may cause the virus to become resistant to treatment.
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12. It is standard to conduct a genotype assessment of all persons undergoing

treatment and to tailor the treatment based on the genotype.
13.  The various genotypes in Canada are as follows:

a genotype 1 accounts for approximately o of Canadians infected wit
(a) t 1 ts f imately 65% of Canadi infected with

HCV (this number varies from province to province);

(b)  genotype 2 accounts for approximately 14% of Canadians infected with
HCV;

(c) genotype 3 accounts for approximately 20% of Canadians infected with
HCV; and

(d) a very small proportion of Canadians infected with HCV are infected with

genotypes 4, 5 and 6 (less than 1 %).

Blood Tests for Diagnosis

14. Blood tests are used to determine whether a person is or was infected with HCV.
The presence of the antibody to HCV in the blood of a person reveals whether or not
the person has ever been infected with HCV. It does not determine whether the person
is currently infected with HCV or when the person became infected with HCV. A
polymerase chain reaction (“PCR”) test reveals whether detectable levels of RNA of the
virus are present in the blood of a person, and as such determines whether a person is |

currently infected with HCV.

Course of Infection

Acute HCV

15.  Once infected with HCV, a person will either clear HCV after an acute stage of
the illness within approximately six months of infection, or the person will develop
chronic HCV infection. The medical literature establishes that approximately 25% of all

persons infected clear HCV within approximately one year of infection. Those persons
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will still test positive for the anti'body but will not test positive on a PCR test, nor will 'they

experience any progressive liver disease due to HCV.

Chronic HCV — Inflammation and Fibrosis

16.  Persons who do not clear the virus after the acute stage of the illness have
chronic HCV. The extent to which they experience progressive liver disease depends
on the virulence of their particular virus and host factors such as their age, their alcohol
intake and whether treatment achieves a sustained viral response which is synonymous

with cure (described below).
17.  HCV causes inflammation, scarring (fibrosis) and death ('necrosis) of liver cells.

18.  The level of inflammation varies among HCV patients. The various levels of
inflammation are referred to as grades and the grading system is from 0 to 4 in the
Metavir system. Zero inflammation means no inflammatory cells, and grade 4
inflammation means severe inflammation throughout the whole of the liver lobule. The
higher the grade of inflammation, the more inflammatory activity is present. The
inflammation may vary in intensity from time to time, at times being much more severe

than other times.

19.  Inflammation and necrosis of liver cells results in scarring of liver tissue (fibrosis).
Fibrosis also appears in various. pattems in HCV patients, ‘and these patterns are
referred to as stages. The higher the stage, the more marked the pattern of fibrosis in

the liver.

20. Fibrosis generally increases over time. Research has been done on the
development of fibrosis, and indicates that the process of fibrosis and scar formation is
fairly lengthy. There is a stage at which fibrosis is “immature” i.e. the écar formation has
not condensed, and such immature fibrosis may improve with sustained viral response

after therapy.

21.- The stages of fibrosis are based on the predictable pattern of scarring which

hepatitis causes in the liver. The liver consists of anatomic units referred to as liver
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lobules. Each liver lobule has a central vein and portal triads which are joined by lines or
tracks of liver cells. Blood enters the liver through arteries and veins in the portal triads,

flushes along the liver cells, and leaves through the central vein.

22.  In-chronic viral hepatitis the inflammation is more prevalent in and around the
portal triads. The cells around the portal triads may be destroyed (cell necrosis), a
process referred to as interface hepatitis. The inflammation progresses beyond the
portal triads along the liver tracks to reach the central veins. Fibrosis confined to the
portal areas or with short extensions is referred to as non-bridging fibrosis (F1 or F2).
When the pattern of fibrosis begins to extend from a portal triad to a central vein, or
between portal triads, the fibrosis is referred to as bridging (F3). Bridging between all
the veins and all the triads and between all the triads in a lobule is called cirrhosis. This
pattern is characterized by complete circles of scar or fibrosis as viewed in two
dimensions as we see on liver biopsies (or spheres in 3D) and this causes the typical

nodular pattern of a cirrhotic liver (F4).

23. The most commonly utilized method (Metavir) of staging fibrosis utilizes the

following four stages:

(a) FO —no fibrosis (disease levels 1 and 2 in the Settlement Agreement and

Plans);

(b) F1- minimali fibrotic changes which do not extend beyond the portal areas

(included in disease level 3 in the Settlement Agreement Plans);

(c) -F2 — fibrotic changes to portal areas with short extensions (included in

Disease Level 3 in the Settlement Agreement Plans);

(d)  F3 - fibrotic changes to the liver known as bridging fibrosis (corresponds

to Disease Level 4 the Settlement Agreement Plans); and

(e) F4 —cirrhosis — fibrotic changes which have become cirrhotic (corresponds

to Disease Level 5 in the Settlement Agreement Plans).

24.  Many patients are asymptomatic prior to developing cirrhosis or HCC.
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25.  Pre-cirrhotic symptoms, for those who experience them, include: fatigue, weight
loss, upper right abdominal discomfort, mood disturbance, poor concentration, anxiety
and depression. Of those symptoms, fatigue is the most common. Patients typically

describe the fatigue as a feeling of exhaustion and lack of energy.

Cirrhosis and End Stage Liver Disease

26. Once a patient is cirrhotic, they are either a compensated cirrhotic, or a
decompensated cirrhotic, depending on their liver function. Where there are enough
viable liver cells to maintain liver function, notwithstanding the cirrhotic pattern, the

person has compensated cirrhosis.

27. Decompensated cirrhosis occurs when the liver is no longer able to perform one
or more of its essential functions. It is caused by loss of liver cells, but more
importantly, by progressive fibrosis that interferes with normal blood flow through the
liver. It is diagnosed by the presence of one or more conditions which alone or in
combination is life threatening without a transplant. This is also referred to as liver

failure or end stage liver disease.

28. With decompensated cirrhosis critical liver functions are impaired and the
condition is referred to as liver failure. Life is threatened. Conditions which define liver
failure include gastrointestinal haemorrhaging, ascites (fluid build up in the abdomen),
inadequate excretion of bilirubin by the liver causing jaundice or failure to remove the
usual toxins absorbed from the bowel (which in turn can affect brain cells causing
drowsiness, confusion and possibly coma, known as hepatic encéphalopathy). These
severely ill patients also experience protein malnutrition causing bruising, bleeding and
muscle wasting. Other organ failure may occur with progreséive disease most

‘commonly involving the lungs and kidneys.

29.  Patients who progress to cirrhosis with or without decompensation may develop
hepatocellular cancer (‘HCC”). This is a primary form of liver cancer secondary to viral

infection or cirrhosis. HCC is included in Level 6 in the Settlement Agreement Plans.
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Co-Morbidities

'30.  Some patients with HCV suffer from conditions which are related to their infection

with HCV; others to which they are more vulnerable to developing as a result of

infection with HCV; or others for which HCV exacerbates the condition. Some of thése

are conditions which also occur in patiehts who do not have HCV. Such conditions are

considered co-morbidities and they include:

(a)
(b)

(c)

(d)

(e)

HCC - discussed above;

pain — in general liver disease is not painful but some patients experience
upper right quadrant pain and HCV-associated fatigue can exacerbate

other medical conditions which have pain;

mental illnesses such as depression énd anxiety — HCV patients, some of
whom.have a history of intravenous drug use (“IVDU"), often have mental
illnesses. HCV patienfs who have no history of VDU also can experience
mental illness but it is less frequent. It is understood that HCV affects the
brain in some ways, and some patients describe “brain fog” and have
difficulty concentrating. Other HCV patients have a reactive depression,
ie: reactive to liver disease With a chronic course and a potentially life-

threatening outcome;

diabetes — the incidence of diabetes is higher in the HCV population than

the general population;

mixed cryoglobulinemia — this refers to the production of abnormal
proteins referred to as globulins. These proteins may form aggregates
that can adversely effect small blood vessels sometimes causing
inflammation in these vessels referred to as “vasculitis”. Treatment of the

HCV will reduce the severity of this condition but not completely cure it;
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f erythema multiform, erythema nodosum, lichen planus and others - skin
conditions that manifest as a rash over parts of the body or red raised

bumps over the shins and lower legs;

(g)  glomerulonephritis — inflammation in the kidneys due to vasculitis which
results in protein and blood cells in the urine and in some instances results
in kidney failure. Treatment of HCV, if successful, will reduce the severity
of this disease and avoid kidney failure unless the patient has already

progressed to kidney failure;

(h)  thyroid diseases — both overactive (hyperthyroidism) and underactive

(hypothyroid) thyroid disease may occur;

(i) polyarteritis — inflammation of small blood vessels with skin rash, arthritis

and sometimes swelling of the legs;

f)) porphyria cutanea tarda — a condition characterized by painful blisters on
the exposed skin areas, particularly the hands and face. The blisters

break leaving open sores, which eventually heal but often leave a scar;

(k)  thrombocytopenia — low platelets resulting in increased bruising and

bleeding;

{)) uveitis, Mooren corneal ulcers — inflammation of the eye or ulcers of the
cornea of the eye. These conditions may be serious and threaten

eyesight;
(m)  Sjogren’s syndrome — lack of production of tears and saliva; and

(n)  B-cell lymphoma — this is a cancer of the lymph glands, although the

increased frequency in HCV is still debated.
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Treatment
Antiviral Therapy
31. The Canadian Association for the Study of the Liver (“CASL") produces

guidelines for the management of HCV every few years.

32. The most recent guidelines are the 2015 Consensus Guidelines from the
Canadian Association for the Study of the Liver. They were published in the Canadian
Journal of Gastroenterology and Hepatology, Can J Gastroenterol Hepatol Vol 29 No 1
January/February 2015. They are attached as Exhibit “B” to this affidavit. The CASL

guidelines are recommendations rather than strict standards.

33. The goal of antiviral therapy is complete eradication of the virus from the patient,
thereby stopping the inflammation and preventing further scarring and death of liver
cells. Reversal of fibrosis is possible in some patients. In others with advanced
cirrhosis the extent of scarring is so great that the liver may proceed to liver failure
notwithstanding the cessation of inflammation. The precise threshold for recovery is not
well understood and even in those patients who progress, eradication of the virus is still
beneficial because if a liver transplant can be performed, the new liver will not be re-

infected.

34.  Eradication of the virus is determined by measuring the amount of virus in the
blood on PCR testing. If the virus drops below detectable levels, and stays below
detectable levels for 12 weeks after antiviral treatment, a sustained viral response
(“SVR”) has been achieved. This additional 12 weeks of observation is a surrogate way
to show that the entire body and not just the blood compartment has been cleared of
virus. If virus remains, for example in the liver or lymph nodes, despite the blood being
Clear at the end of treatment, it will begin to replicate and reappear in blood within 12

weeks.

35. The major forms of antiviral therapy in the history of treating' hepatitis C have

been as follows:

(a) interferon monotherapy which consisted of injections of interferon;
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(b)  combination interferon and ribavirin therapy, which progressed to delivery
of the interferon in a long-acting, pegylated form, still injected, and ribavirin

pills, known as pegylated interferon and ribavirin combination therapy; and

(c) direct-acting anti-viral agents, some of which were initially added to
pegylated interferon and ribavirin combination therapy. Others are given
without either interferon or ribavirin, some are given with one or the other
of pegylated interferon or ribavirin, depending on'the circumstances of the

patient.

36. Both interferoh and ribavirin can cause significant side effects. The number and
adverse nature of the side effects are more pronounced with interferon. In addition,
these drugs are contra-indicated for people with other medical conditions, co-morbidities
or who are taking certain other drugs. Accordingly, there has been extensive research
into direct-acting antiviral agents which are effective without interferon and/or ribavirin.
Currently, antiviral therapy with direct-acting agents a'nd without the use of interferon

and/or ribavirin is possible for most persons infected with HCV, as described below.

37. The first generation of direct-acting antiviral agents were protease inhibitors
called telaprevir and boceprevir and they were approved for treatment in 2011. They
were prescribed with pegylated interferon and ribavirin. Although they had increased
SVR rates compared to intérferon and ribavirin alone, they also had severe side effects
and many associated drug interactions. Telaprevir and boceprevir are rarely prescribed

in Canada anymore.

38. The next direct-acting ahtiviral agent approved for use in Canada was simeprevir,
which was also prescribed with pegylated interferon and ribavirin in genotype 1 patients.

It was apbroved in 2013. Its use is now limited in favour of interferon-free combinations.

39. Also in 2013, sofosbuvir was approved for use with pegylated interferon and
~ ribavirin for genotypes 1 and with ribavirin only for genotypes 2 and 3. Its use has also

now changed, as described below.
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40. In late 2014 and early 2015, treatments that exclude pegylafed interferon and
ribavirin were approved and they are the treatments that are and will be most commonly

prescribed. They are:

(a)  a combination of sofosbuvir and ledipasvir which was developed by Gilead

and is marketed as Harvoni in Canada; and

(b)  a combination of ombitsavir; dasabuvir; paritaprevir which is known in the
HCV medical treating community as “3D” (for three direct-acting antiviral
agents). This was developed by AbbVie, and is marked as the Holkira
Pak. This combination also includes ritonavir as a “boost” in order to
enhance the anti-viral effect by reducing metabolism of one of the active

drugs. In some patients ribavirin will be necessary.

41.  With a few exceptions described below, each of these advancements is effective
in persons not previously treated; is effective in those treated previously who did not
reqund; has been associated with increased sustained viral responsés among certain
genotypes; has a shorter treatment duration, is available to an increased number of
patients (fewer contraindications or incompatibilities); and is associated with increased
chances of tolerating the treatment and being able to finish the course of treatment. In
sum, the efficacy of treatment has increased from about 5-10% (interferoh
monotherapy) to 95-99% (direct-acting anti-viral agents), while decreasing the duration
of treatment and increasing the number of persons who can be treated and complete
treatment. Treatment challenges for certain categories of patients remain, such as
genotype 3 patients with cirrhosis. In this group SVRs of about 80% can be achieved

and improvements are expected.

42.  The cost of treatment has also gone up. The range is about $50,000 for 8 weeks
to $76,000 for 12 weeks. If ribavirin is added, the additional cost is approximately
$3,800-$4,400 for 12 weeks.
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Treatment Duration

43. Treatment duration is important for several reasons. Generally, the shorter the
treatment the more likely it is that the drugs will be taken in the correct amount ét the
correct time, which increases the likelihood of a sustained viral response. In addition, if
- the drugs cause side effects or medical complications, the shorter the treatment the

more likely it is that the patient can endure the treatment.

44. Treatment duration also affects affordability of the treatment. Some private
health care plans and this Settlement Agreement cover the newest drugs. Provincial
drug coverage plans consider new drugs as they are approved by Health Canada, but

coverage, if it is provided, lags behind approval.

45.  Under the older treatment regimes, treatment duration was response guided.
Response guided therapy involves testing viral load at certain times during treatment
and either discontinuing (because viral load has not decreased significantly) or

continuing therapy.

46.  With the current treatments of direct-acting anti viral agents, the CASL guidelines
recommend treatment duration which is set at the outset and which depends on
genotype, clinical stage of disease, whether the person has been previously treated and
drug combination. These recommendations demonstrate‘ variability in treatment length
from 8 weeks to 24 weeks. The maijority of patients will receive 12 weeks of treatment

with either Harvoni or Holkira Pak. The following are the exceptions:

(a) genotype 1 patients who are not cirrhotic, have never been treated and

who have a low viral count may be treated for 8 weeks with Harvoni;

(b) genotype 1 patients who are cirrhotic and who have failed treatment
previously, will be treated with Harvoni for 24 weeks unless ribavirin is
added, in which case they will be treated with Harvoni and ribavirin for 12
weeks. Ribavirin is less expensive than Harvoni so some will likely opt for

a 12 week course of Harvoni and ribavirin. in this patient subgroup;
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(c) genotype 1a patients who have cirrhosis and who were treated previously

but did not respond may be treated with the Holkira Pak for 24 weeks;

(d)  genotype 2 patients who are cirrhotic will be treated for 12 weeks with
pegylated interferon, sofosbuvir and ribavirin or with sofosbuvir and

ribavirin for 16 weeks;

(e) genotype 3 patients. The treatment of genotype 3 patients is set out in
Table 7 of the CASL guidelines. There are many options depending on
the status of the patients. In summary, they will be treated for either 12 or
24 weeks and some will be treated with a combination of drugs including

interferon and/or ribavirin if they can tolerate it.

Treatment of Persons Who Are Co-Infected with HIV

47.  The guidelines for treatment of persons who are co-infected with. HIV are
published by the Canadian Institute of Health Research HIV Trials. The current
guidelines, published in October 2014, are attached as Exhibit “C” to this affidavit.

48. The SVR rate in HIV co-infected persons under the treatments in use at fhis time,
as described above, are very similar to those who are mono-infected. All HIV co-

infected patiehts should be considered for treatment.

49. The guidelines were published before specific studies for HIV co-infection had
been published on Harvoni or Holkira Pak and so those drugs are not included in the
recommendations. In my view, Harvoni and Holkira Pak have surpassed the guidelines

and will be the primary types of treatment for HIV co-infected persons.

Side Effects

50. Interferon and ribavirin both cause severe side effects that made the therapies
contraindicated in patients with certain other health issues; that interfered with
completion of the therapy due to complications which arose from the side effects; and

that caused significant morbidity in many patients while on the therapy. The first -

{20014-001/00466157.1}



-15 -

approved direct acting anti-viral agents, telaprevir and boceprevir, also had significant -

side effects that were severe in some patients.

51. Because Harvoni and Holkira Pak are effective in some patients without
interferon or ribavirin, the side effects and contraindications of these new combinations
are markedly diminished. These drugs cause side effects in some pafients but they
tend to be less severe, do not create contraindications for treatment and they are not
expected to imperil the chances of the patient completing the treatment. The side

effects noted in the studies leading up to their approval are:

(a) patients taking Harvoni experienced mild to moderate fatigue, headache,

insomnia and nausea; and

(b) patients taking Holkira Pak experienced fatigue, headache, nausea,

pruritus (itchiness), insomnia, diarrhea and asthenia (lack of energy).

Health Outcomes After A Sustéined Viral Response

52. Many factors, including medical, psychological, age, and socio-economic, will
‘play a role in determining whether a person returns to baseline health status after
attaining an SVR. It must be remembered that many of the persons were infected with
the disease for 10-30 years before being cured. The comparison of good health at the

time they were infected to the time they were cured is not straightforward.

53. Persons who were not disabled from HCV prior to treatment and who obtain an
SVR during treatment will not go on to develop disabling symptoms materially

~ contributed to be HCV with these exceptions:

(@) as discussed above, achieving an SVR significantly reduces the risk of
HCC but it is not reduced to zero. Persons who had HCV and attained an
SVR still have a higher risk of HCC than the general population. HCC
occurrence post-SVR would be considered to be materially contributed to

by previous infection with HCV;
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(b)  persons who have been successfully treated and who are asymptomatic
after treatment may have future symptoms if they have an additional liver
insult such as infection with another hepatitis virus, an autoimmune
disease or alcoholism. Their past infection with HCV would be considered
to materially contribute to renewed symptoms after liver insult unless they

had no scarring of the liver at the time of their cure; and

/

(c) persons who héd advanced cirrhosis may have crossed a threshold
whereby the damage to the liver is so profound that the liver will continue

to progress towards decompensation.

54. Many persons who were pre-cirrhotic when treated but were disabled from
working or performing household duties and services will recover post-SVR and be able

to return to work and household duties within a year of cessation of treatment.

55. Fewer, but a still significant number of patients who have compensated cirrhosis
when treated and who were disabled at the commencement of treatment return to work
or household duties after SVR and do so within one year of the cessation of treatment.
Patients with decompensated cirrhosis are rarely working when treatment commences.
Generally, their ability to return to work will depend on whether they receive a liver
transplant after achieving an SVR. If they do, many will return to work within a year of
the liver transplant. In the absence of a liver transplant, those who have liver failure will

not return to work even though an SVR is achieved.

56. Those who are not able to return to work or household duties are impacted by

factors such as:

(@)  continuation of the most common symptom of HCV — debilitating fatigue —

which does not always improve post-SVR;

(b) co-morbidities which may be materially contributed to by their infection

with HCV or may have no causal connection to infection with HCV;

(c) age;
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(d)  motivation which can be affected by the nature of the work or the ease of

return to work; and
(e) the longer patients have been off work, the less likely they are to return.

57. After SVR, prior infection with HCV can be a material contributor to death in

those who:

(@) had liver failure at the time SVR is achieved and liver transplant does not

occur or is not successful;

(b)  have a subsequent insult to the liver such as another hepatitis infection,

an autoimmune disease, or alcoholism; or
(c) develop HCC.

Post-SVR Treatment and Monitoring

58.  Persons who have cirrhosis prior to attaining an SVR require screening for HCC
every six months. They may also need gastroscopies to screen for esophageal varices.
They should be followed by a hepatologist, gastroenterologist or internal medicine

specialist.

59. Persons who did not have cirrhdsis do not usually need to continue to see a
specialist but instead are treated by their family doctors. On follow up, if the liver
function tests show an increase in their ALT, they should have a repeat HCV RNA test.
Literature suggests recurrence of HCV in patients who achieve an SVR to be less than
2%.

Liver Transplants

60. Transplantation does not cure the infection, but restores healthy liver function.
However, poSt-transpIant, the rate of liver damage (fibrosis) is accelerated so that about
30% of patients, in the absence of treatment, will be cirrhotic by 5 years. Patients with
recurrent HCV have a reduced lifespan over and above the reduced lifespan seen in

liver transplant patients.
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HCC

61.  Treatment options for HCC include resection of the tumoljr, alcohol injection into
the tumour, embolization of the blood supply to the tumour along with the ihjection of
anticancer drugs or radioactive beads, and radiofrequency ablation of the tumour.
Transplantation may be considered for selected tumours before there is much likelihood

of metastasis (spread of the tumour outside of the liver).
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Chronic hepatitis C remains a significant medical and economic bur-
den in Canada, affecting nearly 1% of the population. Since the last
Canadian consensus conference on the management of chronic hepa-
titis C, major advances have occurred that warrant a review of recom-
mended management approaches for these patients. Specifically,
direct-acting antiviral agents with dramatically improved rates of
virological clearance compared with standard therapy have been
developed and interferon-free, all-oral antiviral regimens have been
approved. In light of this new evidence, an update to the 2012
Canadian Association for the Study of the Liver consensus guidelines
on the management of hepatitis C was produced. The present docu-
ment reviews the epidemiology of hepatitis C in Canada, preferred
diagnostic testing approaches and recommendations for the treatment
of chronically infected patients with the newly approved antiviral
agents, including those who have previously failed peginterferon and
ribavirin-based therapy. In addition, recommendations are made
regarding approaches to reducing the burden of hepatitis C in Canada.

Key Words: Dasabuvir; Direct-acting antivirals; Guideline; Hepatitis C;
Interferon; Ledipasvir; Ombitasvir; Paritaprevir; Peginterferon; Simeprevir;
Sofosbuvir; Ribavirin; Therapy; Treatment

Mise a jour sur la prise en charge de I’hépatite C
chronique : les lignes directrices consensuelles
2015 de I’Association canadienne pour I’étude
du foie '

L'hépatite C chronique demeure un fardeau médical et économique
important au Canada, car il touche prés de 1 % de la population.
Depuis la derniére conférence consensuelle canadienne sur la prise en
charge de ’hépatite C chronique, on a réalisé des progrés marqués qui
justifient une analyse des démarches de prise en charge recomman-
dées. Notamment, on a mis au point des antiviraux i action directe au
taux de clairance virologique bien supérieur a celui du traitement
standard et on a homologué des antiviraux sans interféron par voie
orale. A la lumiére de ces nouvelles données probantes, ' Association
canadienne pour I’étude du foie a mis 4 jour les lignes directrices con-
sensuelles 2012 sur la prise en charge de I'hépatite C. Le présent
document traite de I'épidémiologie de 'hépatite C au Canada, des
démarches et des recommandations favorisées pour traiter les patients
atteints d’une infection chronique i l'aide des nouveaux antiviraux
homologués, y compris les patients qui n’avaient pas répondu a un
traitement a P'interféron pégylé et i la ribavirine. Il contient égale-
ment des recommandations sur les approches pour réduire le fardeau
de ['hépatite C au Canada.

he present guidelines were written to assist physicians and other

health care professionals in the management of patients with
chronic hepatitis C virus (HCV) infection. They were drafted by
Canadian HCV experts at the request of the Executive Committee of
the Canadian Association of the Study of the Liver (CASL). The docu-
ment was made available for review by CASL members and a revised
draft based on this feedback was submitted to the Executive Committee
of CASL for approval. The information contained within the present
guidelines represents a synthesis of evidence from the published litera-
ture and scientific abstract presentations available at the time of writing
with supplementation by the expert opinions of the authors. Any rec-

ommendations should be considered preferred approaches to care rather .

than strict standards. In some cases, off-label use of regimens are recom-
mended based on the authors’ opinions. To more fully characterize the
quality of evidence supporting these recommendations, we have
assigned a class (reflecting benefit versus risk) and level (assessing
strength of certainty) of evidence as adapted from the American College
of Cardiology and the American Heart Association Practice Guidelines
(1,2), and as used in similar practice guidelines of CASL (3) and the
American Association for the Study of Liver Diseases (4) (Table 1). No
funding was provided to the authors for this work. _

Since the last update of the CASL management guidelines for
chronic hepatitis C (CHC) in 2012 (3), major advances have
occurred including: the approval of novel direct-acting antiviral
agents (DAAs) used with pegylated interferon (PEG-IFN) that have
improved efficacy and tolerability compared with first-generation
DAAs andfor standard PEG-IFN-based therapy (5-7); and the
approval of all-oral, IFN-free, DAA combination therapies with
markedly improved efficacy and tolerability and activity beyond just
HCV genotype 1 (5,8-15). The current document was developed as
an update to previous guidelines with a focus on the management of
HCV-infected patients rather than an exhaustive review of CHC or
HCV screening. Future guidelines will include ‘special populations’
with CHC, including people who use injection drugs (PW1Ds), incar-
cerated individuals, patients with decompensated cirrhosis, those
pre- or post-transplantation, and patients with HIV/HCV coinfection
(for whom relevant guidelines have recently been published by the
Canadian Institute of Health Research HIV Trials Network) (16).
Due to the rapidity of advances in this field, recommendations in the
present document will be updated regularly as new information emer-
ges and novel agents are approved.
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TABLE 1
Grading system for recommendations
Classification Description
Class of evidence
Class 1 Conditions for which there is evidence and/or general agreement that a given dlégnosﬁc evaluation, procedure or treatment is beneficlal,

useful and effective

Class 2 Conditlons for which there is conflicting evidence and/or a divergence of opinion about the usefulness/efficacy of a diagnostic evaluation,

procedure or treatment

Class 2a Weight of evidence/oplnlon is in favour of usefulness/efficacy
Class 2b Usefulness/efficacy is less well established by evidence/opinion
Class 3

and in some cases may be harmful
Grade of evidence

Conditions for which there is evidence and/or general agreement that a diagnostic evaluation, procedure/treatment is not useful/effective

Level A Data derived from multiple randomized clinical trials or meta-analyses
Level B Data derived from a single randomlzed trial, or nonrandomized studies
Level C Only consensus opinions of experts, case studies or standard-of-care

EPIDEMIOLOGY OF HEPATITIS C IN CANADA
CHC remains a significant medical and economic burden in Canada
(17-19). In the Canadian Health Measures Survey (20), Statistics
Canada and the Public Health Agency of Canada reported an esti-
mated anti-HCV prevalence of 0.5% (95% CI 0.3% to 0.9%) or
approximately 138,600 (95% CI 55,800 to 221,300) anti-HCV-positive
individuals in Canada. However, these figures are likely underesti-
mates because the Canadian Health Measures Survey excluded several
high-risk populations including incarcerated individuals, Aboriginals
and PWIDs (20). In fact, a recent modelling study suggests that
approximately 252,000 Canadians (uncertainty interval 178,000 to
315,000) were chronically infected in 2013 (18). The peak preva-
lence was estimated to have occurred in 2003, with approximately
260,000 infected individuals. It has been estimated that approxi-
mately 60% of HCV cases in Canada are among current or former
PWIDs, 20% are among infected immigrants and 11% have received
contaminated blood products (21). Of the nearly 8000 incident cases
in Canada in 2007, approximately 80% likely occurred via sharing of
injecting equipment, and most of the remainder among immigrants
from endemic countries (21). There is wide variation in estimates of
the number of HCV-infected individuals who remain undiagnosed.
Modelling data from the Public Health Agency of Canada estimated
that 79% of individuals were diagnosed in 2003 (21); however, the
CMHS found that only 30% of anti-HCV-positive individuals were
aware of their infection (20).

Genotype 1 infection is the most prevalent genotype in Canada,
representing 65% of infected individuals (56% genotype 1a, 33%
genotype 1b, and 10% with an unspecified subtype or mixed infection)
(22). The genotype 1 subtype is of relevance for some of the new anti-
viral regimens due to differing efficacy between genotypes 1a and 1b.
Genotypes 2 and 3 account for approximately 14% and 20% of infec-
tions in Canada, respectively, whereas genotypes 4, 5 and 6 are very
rare (<1% of all infections) (22).

Although the overall prevalence of CHC is declining, complica-
tions of CHC are increasing due to aging of the infected population
and progression of liver fibrosis (17-19). Modelling data suggest that
by 2035, cases of decompensated cirrhosis, hepatocellular carcinoma
(HCC) and liver-related mortality will increase by 80%, 205% and
160%, respectively, compared with 2013 levels (Figure 1) (18).
Similarly, annual direct costs associated with CHC (excluding the cost
of antiviral therapies) are expected to rise from an estimared $161 mil-
lion in 2013 to >$258 million at the peak in 2032 (18). Given the
alarming estimates of future disease burden, more accurate information
regarding the incidence and prevalence of CHC and its sequelae is
required to inform health care planning and the allocation of resour-
ces. The identification of undiagnosed cases and the dissemination of
effective antiviral therapies should be prioritized to reduce complica-
tions of this disease (23).

20

Figure 1) Modelled incidence of hepatitis C-related sequelae in Canada,
1950 to 2035. Estimates are not mutually exclusive. Reproduced with per-

. mission from Mpyers et al (18). Decomp Decompensated; HCC

Hepatocellular carcinoma

ANTIVIRAL THERAPY
The primary objective of anti-HCV therapy is complete eradication of
the virus, termed a sustained virological response (SVR). SVR has

‘traditionally been defined as undetectable serum HCV RNA at least

24 weeks following the end of treatment (SVR24) (24); however,
recent data suggest that earlier assessment at 12 weeks after treatment
(SVR12) is sufficient to define this outcome (25). Once achieved, an
SVR is considered to be a long-term cure of the virus because late
relapses are rare (26,27). SVR is associated with long-term health

_ benefits including improved quality of life (28,29), extrahepatic mani-

festations of HCV (eg, cryoglobulinemic vasculitis) (30), liver histol-
ogy (31,32), HCC incidence (33), liverrelated morbidity and
mortality (34-36), and all-cause mortality (33).

Can J Gastroenterol Hepatol Vol 29 No 1 January/February 2015



The landscape of antiviral treatment for hepatitis C'is changing
rapidly. Until recently, the standard therapy was the combination of
PEG-IFN and ribavirin (RBV), usually administered for 48 weeks in
patients with genotype 1, 4, 5 and 6, and 24 weeks in those with geno-
types 2 and 3 (3). Dual therapy achieves SVR rates of 40% to 50% in
patients with genatype 1 and approximately 80% in those with geno-
types 2, 3, 5 and 6. Results for HCV genotype 4 are intermediate (3). In
2011, the first DA As, boceprevir (BOC) and telaprevir (TVR), were
approved for treatment of HCV genotype 1 in combination with PEG-
IEN and RBV. These nonstructural (NS) 3/4A protease inhibitors (Pls)
substantially increase rates of SVR in both treatment-naive and previ-
ously treated patients compared with dual therapy (37-41). However,
they are associated with significant toxicity, complex regimens involv-
ing response-guided therapy (RGT), drug-drug interactions (DDlIs),
and low response rates in patients with cirrhosis and previous treatment
failures. In addition, BOC and TVR required coadministration with
PEG-IEN and RBV for 24 to 48 weeks, markedly increased the cost of
therapy, and are associated with the emergence of resistance-associated
variants (RAVs) in the majority of patients who fail treatment (3). The
subsequent approval of DAAs with improved efficacy and tolerability,
shorter treatment durations, and the option of PEG-IFN- and RBV-free
therapy, represents a major advance in the field.

The treatment of CHC is complex and resource intensive.
Contributing factors include the high prevalence of psychiatric comor-
bidities in HCV-infected individuals (eg, depression and addictions),
multiple modes of drug administration, side effects, and the requirement
for careful on-treatment monitoring of symptoms and laboratory tests.
The most successful model to deliver comprehensive CHC care is via a
multidisciplinary approach including experienced physicians, nurses and
allied health professionals (eg, psychologists, psychiatrists, addiction
specialists and social workers). Currently in Canada, a relatively small
number of physicians treat CHC, leading in some cases to prolonged
wait times for patients to be adequately evaluated and treated. These
deficiencies in access to care are greater in rural and remote commun-
ities, despite a high HCV prevalence in many regions with limited
health care capacity. Moreover, public funding for treatment nurses —
who have represented a vital component of the management team — is
not universally available. To achieve a meaningful reduction in the
future burden of CHC, it will be vital to expand treatment capacity via
additional training and funding of experienced personnel and enhanced
access to publically funded antiviral therapies (42). With the advent of
all-oral antiviral regimens that have few contraindications, minimal
toxicity and short treatment courses, the number of patients that can be
treated should increase dramatically. However, team-based management
will still be necessary to achieve this goal.

INDICATIONS AND CONTRAINDICATIONS TO
ANTIVIRAL TREATMENT
All patients with CHC should be considered candidates for antiviral
treatment. The decision of if and when to initiate therapy should be
based on the balance between the perceived benefits and risks of treat-
ment and the wishes of the individual patient. Factors to consider
include the probability of SVR and the likelihood of progression to
advanced liver disease without viral eradication, the presence of extra-
hepatic manifestations of CHC, the patient’s anticipated tolerability of
treatment and the life expectancy of the patient. The prospect of new
therapies with expected benefits over currently available treatments

should also be considered. In light of these issues, prompt initiation of -*

treatment should be considered in certain patient subgroups, especially
those with advanced liver fibrosis (F3 or F4 according to the METAVIR
classification [bridging fibrosis or cirthosis]) (43). These patients are at
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TABLE 2 -
Contraindications for treatment with peginterferon and
ribavirin

Absolute contraindications
Strong, but not absolute,
contraindications

Pregnancy

Alcohol abuse

Hepatic decompensation

Coronary artery disease

Solid organ transplantation (except liver)

Relative contraindications Major depression

Major psychosls

Autoimmune disease

Injection drug use

Renal failure (including dlalysis) -

Contralndications that are no Normal alanine aminotransferase
longer contraindicatlons Stable methadone malntenance

Neutropenia, anemia or thrombocytopenia

Controlled selzure disorder

Older than 65 years of age

Alcohol use

Table reproduced with permission from (3)

the highest risk of HCV-related complications including liver failure
and HCC. Treatment of patients with mild to moderate fibrosis (F1 or
F2) should also be considered because progression to more advanced
stages is associated with a reduced likelihood of SVR. Moreover, viral
eradication in patients at risk of infecting others (eg, PWIDs who con-
tinue to share injecting equipment) may reduce the incidence of new
infections (44). The curative nature of HCV therapy means that those
who achieve SVR before developing cirrhosis do not require long-term
follow-up. There are additional benefits to SVR beyond liver disease
prevention, including improved quality of life (28,29) and a reduction
in all-cause mortality (33). Patients with extrahepatic manifestations of
CHC including cryoglobulinemic vasculitis, porphyria cutanea tarda
and glomerulonephritis should be considered for treatment regardless of

" their underlying liver disease severity because these conditions typically

respond to viral eradication (30).

There are very few absolute contraindications to treatment with
PEG-IFN- and RBV- based therapy. As postmarketing experience with
these therapies has grown, many conditions previously regarded as
absolute contraindications are now considered relative, and some may
be present only temporarily (Table 2) (3). In most cases, treatment of
these patients with PEG-IFN and RBV requires considerable expertise
and, therefore, patients with relative contraindications should be
treated in expert centres. Contraindications to the recently approved,
all-oral regimens are distinctly uncommon.

PRETREATMENT ASSESSMENT

Routine assessment :

The routine assessment of HCV-infected patients should include risk
factors for viral acquisition (eg, injection drug use, receipt of poten-
tially contaminated blood products or tissues, and origin from a high-
prevalence region), signs and symptoms of advanced liver disease (eg,
jaundice, ascites, encephalopathy, portal hypertension-related hemor-
rhage) or extrahepatic manifestations of CHC, presence of cofactors
that may accelerate disease progression (eg, alcohol use, obesity,
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TABLE 3

Routine testing of patients with chronic hepatitis C virus (HCV)*

Category of Testing Tests
Confirmation and characterization of - HCV RNA
chronic infection HCV genotype and subtype

A nent of liver di Complete blood count

Alanine aminotransferase
Asparatate amInotransferase
Gamma-glutamyl transferase
Alkallne phosphatase
Bilirubin

INR (or prothrombin time)
Albumin
Creatinine

Abdominal ultrasound

Immunoglobulin G anti-HAV
HBsAg

Hepatitis B surface antibody
anti-HIV

Exclude other causes of liver disease! Alpha-1-antitrypsin
Ceruloplasmin

Viral coinfections

Ferritin, serum iron, total iron-binding capacity

Antinuclear antibody
Smooth muscle éntibody
Antimitochrondrial antibody
Immunoglobulin G
Immunoglobulin A
Immunoglobulln M

Contraindications to treatment
Electrocardiogram
Thyroid-stimulating hormone
Fundoscopy

Comments

Confirms chronicity and baseline for treatment responses

Directs choice of treatment regimen

Thrombocytopenia may indicate cirrhosis and portal hypertension.
Platelets needed for APRI calculation

Normal value does not precluds significant fibrosis

Asparatate aminotransferase needed for calculation of APRI

Elevated bilirubin or INR, or hypoalbuminemia may Indicate significant
< liver dysfunction

Renal dysfunction increases ribavirin-related hemolytic anemia and may
impact drug pharmacodynamics

May suggest cirrhosis, in which case, serves-as a baseline for
hepatocellular carcinoma surveillance

If negative, vaccinate against hepatitis A

Exclude hepatitls B coinfection

If negative (and HBsAg-negative), vaccinate against hepatitis B

Exclude HIV coinfection

Alpha-1-antitrypsin deficiency

Wilson disease.

Iron overload

Autoimmune hepatitis

Primary biliary cirrhosis

Often elevated in autoimmune hepatitls and cirrhosis of any cause
Often elevated in fatty liver and alcoholic liver disease

Often elevated in primary biliary cirrhosis

Serurn or urine B-hurnan chorionic gonadotropin Exclude pregnancy in women of reproductive age

If >50 years of age or history of cardlac disease

Exclude thyroid disease, which may be exacerbated by interferon

Exclude retinopathy in patients >50 years of age or with hypertension or
diabetes mellitus If interferon is to be prescribed

*Confirmed antl-HCV antibody positive; TSuggested tests only. Tailor testing to individual case. Anti-HAV Antibodies to hepatitls A virus; APRI Aspartate aminotrans-
ferase/platolot ratio index; HBsAg Hepatitis B surface antigen; INR International normalized ratio

coinfections) and potential contraindications to IFN-based therapy
(Table 2), which would favour the use of an IFN-free regimen.
Necessary laboratory testing includes virological tests to confirm and
characterize HCV infection, liver biochemistry, abdominal ultrasound,
an assessment of fibrosis stage and tests to rule out coinfections, direct
appropriate vaccination and identify- contraindications to treatment.
In patients with abnormal liver biochemistry, serological tests to
exclude coexisting liver diseases should be considered (Table 3).

Virological testing
Approximately one-quarter of patients infected with HCV will clear
the virus spontaneously (45). Therefore, chronic HCV infection must
be confirmed in all anti-HCV-positive individuals using a sensitive
HCV RNA test. HCV RNA detection and quantification using real-
time polymerase chain reaction assays is standard due to their sensitiv-
ity, specificity, accuracy and broad dynamic range. Results should be
expressed in [U/mL and normalized to the WHO international stan-
dard. Quantitative assays with a lower limit of detection of approxi-
mately 10 IU/mL to 15 IU/mL are recommended. HCV RNA test
results should be available within a timely fashion (within seven days)
to facilitate management decisions. The rapid identification of failing
treatment will reduce patient exposure to costly therapies and poten-
tial toxicity, and likely limit the development of RAVs.

The HCV genotype should be assessed in all patients because it has
important implications for the decision to initiate treatment and the

22

choice of regimen. With PEG-IFN and RBV therapy, knowledge of
only the main genotype (1 to 6) was necessary. However, knowledge of
the subtype is now critical, particularly for genotype 1, because of the
differing genetic barriers to resistance of HCV subtypes 1a and 1b for
many classes of DA As (46,47). For some DAAs, additional testing (eg,
for the Q80K polymorphism [see below]) and/or alternative treatment
based on subtype (eg, the use of RBV) may be required.

Assessment of liver disease severity

Assessment of the severity of hepatic fibrosis is vital for determining
the prognosis of HCV-infected patients and the necessity of antiviral
treatment. Identification of patients with cirthosis is particularly
important due to their increased risk of hepatic complications, reduced
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likelihcod of treatment response, and their requirement for surveil-
lance for HCC and esophageal varices. Although the diagnosis of cir-
thosis is obvious in some cases based on routine tests (eg, a nodular
shrunken liver, splenomegaly or portal hypertensive collaterals on
ultrasound), traditionally, liver biopsy has been the reference method
for staging fibrosis, determining the severity of other histological
lesions (eg, necroinflammation, steatosis) and ruling out coexistent
liver diseases (eg, iron overload). Various validated scoring systems
have demonstrated sufficient reproducibility and interobserver vari-
ability to justify clinical use (eg, METAVIR, Scheuer, Ishak, and
Knodell’s Hepatic Activity. Index) (48). However, liver biopsy has
several limitations, including invasiveness and the potential for serious
complications including hemorrhage (approximately one in 1000) and
death (approximately one in 10,000) (49,50), sampling error.and vari-
ability in pathological interpretation, high cost, limited availability in
many centres, and the difficulty of repeating biopsies to monitor tem-
poral changes in fibrosis. In light of these limitations, numerous non-
invasive alternatives to biopsy have been developed (51) including
serum markers (eg, the aspartate aminotransferase/platelet ratio index
[52]), FibroTest (FibroSure, LabCorp, USA) (53), transient elastog-
raphy (TE; FibroScan, Echosens, France) (54-57) and other imaging-
based tools (58,59).

Although not universally available, a wealth of literature has con-
firmed that these noninvasive tools can be used instead of liver biopsy
to stage HCV-related fibrosis at acceptable levels of accuracy and repro-
ducibility. In a recent survey of Canadian specialists who manage

. patients with chronic liver disease (60), TE was the primary mode of
fibrosis assessment in HCV-infected individuals in 53% of respondents,
followed by liver biopsy in 37%. Neatly one-half of respondents esti-

- mated that these noninvasive alternatives have reduced their use of
liver biopsy by over 50%. In general, these tests are highly accurate for
diagnosing cirrhosis and have acceptable, but lower, performance for
moderate to severe fibrosis (F2 or greater). The identification of mild
fibrosis (F1) and the differentiation between individual stages is poor;
however, these limitations also apply to liver biopsy. Emerging data
have also demonstrated a correlation between these tests and HCV-
related clinical outcomes (61-63), their cost-effectiveness compared
with biopsy (64) and responsiveness to viral eradication (65,66). Future
studies are necessary to determine the minimal clinically important
changes in these markers to facilitate serial monitoring of fibrosis.

Utility of interleukin 28B testing

Genome-wide association studies have identified single nucleotide
polymorphisms (SNPs) near the interleukin 28B (IL28B) gene on
chromosome 19 that are strongly associated with both spontaneous
and treatment-induced HCV clearance (67-70). Patients with the
favourable CC genotype at rs12979860 have a more than twofold
likelihood of spontaneous HCV clearance compared with hetero-
zygotes (CT) and homozygotes (TT) (67). The CC genotype is also
associated with an approximately twofold increase in SVR to PEG-
IFN and RBV therapy compared with the unfavourable SNPs in
patients with HCV genotype 1 (68,70). The relevance in genotypes 2
and 3 and in treatment-experienced patients is less clear. There is
marked ethnic variation in the prevalence of the [L28B genotypes.
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Genes for non-structural proteins :FNIR

" Figure 2) Hepatitis C virus genome and the polyprotein targets of newly

approved, direct-acting antiviral agents. Note: Sofosbuvir (SOF) is a nucleo-
tide nonstructural protein (NS)5B polymerase inhibitor and dasabuvir (DSV)
is a non-nucleoside polymerase inhibitor. BOC Boceprevir; LDV Ledipasvir;
OBV Ombitasvir; PTV Paritaprevir; SIM Simeprevir; TPV Telaprevir

The CC genotype is highly prevalent in Asians, but relatively uncom-
mon in Africans, while Caucasians and Hispanics have an intermedi-
ate prevalence (68). Similar associations have been reported for the
rs8099917 SNP (favourable allele = T and unfavourable allele = G)
(71), and for the recently described IFN-lambda 4 (IFNL4) SNP
5546915590 (favourable allele = T and unfavourable allele = AG) (72).
For simplicity, further discussion will refer to the rs12979860 SNP.

The impact of the IL28B genotype on treatment success is lower
when treatment includes DAAs. Patients with the CC genotype have
a very high rate of SVR when treated with DAAs plus PEG-IFN and
RBV, reaching 98% with sofosbuvir (SOF)-based triple therapy for
HCV genotype 1 (5). DAAs lead to a greater relative increase in SVR
in non-CC patients. While the IL28B genotype is of limited import-
ance with respect to SVR rates with IFN-free regimens (8,15),
whether patients with the favourable IL28B genotype will be able to
shorten therapy or use fewer DA As is unclear.

DAAs
Multiple steps in the HCV life cycle have proven attractive targets for
novel pharmacological therapies (Figure 2): Particularly promising
agents target the NS3/4A serine protease, the NS5B RNA-dependent
RNA polymerase and the NS5A protein (73). The first DAAs
approved by Health Canada for the treatment of HCV genotype 1
were the NS3/4A Pls, BOC and TVR. A second-generation PI,
simeprevir (SIM), was approved in 2013 for use in combination with
PEG-IEN and RBV for genotype 1. In 2013, the first HCV nucleotide
polymerase inhibitor, SOF, was approved for use in combination with
PEG-IFN and RBV for genotypes 1 and 4 and with RBV alone for
genotypes 2 and 3. In 2014, the single-tablet regimen of SOF com-
bined with the NS5A inhibitor ledipasvir (LDV) was approved for
patients with' HCV genotype 1, including those previously treated
with BOC and TVR. In addition, the combination of the ritonavir-
boosted PI paritaprevir (PTVg), the NS5A inhibitor  ombitasvir
(OBV), and the non-nuclecside polymerase inhibitor dasabuvir
(DSV) with or without RBV was approved for patients with HCV
genotype 1. Given the markedly improved efficacy and tolerability of
these regimens, all patients would benefit from IFN-free therapy.
Therefore, these newly approved agents are recommended as first-line
therapy for all indications throughout these guidelines. However,
access to [FN-free regimens is not universal across Canada. Whether
to initiate therapy with an IFN-containing regimen or wait for the
availability of all-oral regimens is an individualized decision that must
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consider the patient’s wishes, the urgency of therapy, the severity of
liver disease, the anticipated tolerability of PEG-IFN, the likelihood of
SVR and the expected timeline for access to [FN-free regimens.

TREATMENT-NAIVE PATIENTS WITH HCV
GENOTYPE 1 (TABLE 4)

PEG-IFN-free regimens

SOF/LDV: The nucleotide polymerase inhibitor SOF (400 mg) has
been combined with the NS5A inhibitor LDV (90 mg) in a single
tablet regimen (SOF/LDV) administered once daily. This combination
was evaluated in treatment-naive patients in the open-label ION-1 (8)
and ION-3 (10) phase 3 trials with a primary end point of SVR12. In
the ION-1 study, which included patients with compensated cirrhosis
(16%), participants were randomly assigned to 12 or 24 weeks of SOF/
LDV with or without weight-based RBV (8). Among patients who
received SOF/LDV for 12 weeks, SVR12 rates were 97% (211 of 217)
and 99% (211 of 214) in those who received and did not receive RBV,
respectively. In the 24-week treatment arms, SVR12 rates were 99%
(215 of 217) in RBV-treated patients compared with 98% (212 of 217)
in those who received SOF/LDV alone. There were no statistically
significant differences between treatment arms or pretreatment char-
acteristics that were predictive of response. Among the 136 cirrhotic
patients, SVR12 rates ranged from 94% to 100%, with no differences
between 12 and 24 weeks or with or without RBV. The IL28B geno-
type was not predictive of response; SVR12 rates ranged from 97% to
99% among patients with the unfavourable non-CC genotype. Only
one patient experienced virological breakthrough on therapy and two
patients relapsed. All three of these patients had NS5A resistance, but
no SOF resistance was detected by deep sequencing. Although the
majority of patients complained of at least one adverse event, 93%
were mild to moderate in severity with the most common being
fatigue, headache, insomnia and nausea. Adverse events were more
common in patients randomized to receive RBV. No patient receiving
SOF/LDV alone had a hemoglobin concentration <100 g/L.

In the ION-3 study (10), treatment-naive, noncirrhotic patients
with HCV genotype 1 were randomly assigned to eight weeks of SOF/
LDV with or without weight-based RBV, or SOF/LDV alone for
12 weeks. Among the 215 patients randomly assigned to SOF/LDV for
eight weeks, 202 (94%) achieved SVR12, compared with 201 of
216 (93%) who received SOF/LDV/RBV for eight weeks, and 206 of
216 (95%) who received SOF/LDV for 12 weeks. The relapse rates
were 5% (SOF/LDV) and 4% (SOF/LDV/RBV) in the eight-week
treatment arms and 1% in the 12-week treatment arm. Although the
12-week regimen had a lower relapse rate, treating all patients for an
additional four weeks would lead to overtreatment of the majority of
individuals. Therefore, a post hoc analysis of baseline viral load was

TABLE 4

Treatment-naive patients with hepatitis C virus (HCV) genotype 1
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conducted to identify patients in whom an eight-week regimen would
suffice (74). In this analysis, patients with an HCV RNA level <6 mil-
lion IU/mL had a 2% relapse rate in both the eight-week (two of 123)
and 12-week (two of 131) SOF/LDV treatment arms, and SVR12 rates
of 97% (119 of 123) and 96% (126 of 131), respectively. However, in
patients with a baseline viral load >6 million IU/mL, those treated for
only eight weeks with SOF/LDV had a 10% (nine of 92) relapse rate
versus only 1% (one of 85) if treated for 12 weeks. Corresponding
SVR12 rates were 90% (83 of 92) and 94% (80 of 85), respectively.
Based on these findings, Health Canada and the United States Food
and Drug Administration (FDA) have recommended an eight-week
regimen of SOF/LDV in treatment-naive, noncirrhotic patients with
baseline HCV RNA <6 million [U/mL and 12 weeks in patients with

a higher viral load (74).

In addition to baseline viral load, the impact of baseline RAVs on
treatment response was examined (10). Although 15 of 23 relapsers
(65%) to SOF/LDV had NS5A -resistant variants detected at the time
of relapse (present at baseline in nine patients), SOF resistance was
not identified. Among 116 patients (18%) with NS5A resistance at
baseline, 90% achieved SVR12, suggesting a minimal impact of base-
line NS5A RAVs on treatment response with SOF/LDV.,

PTV,/OBV/DSV + RBV: The PI PTV is given with low-dose ritona-
vir (PTVp) to permit once-daily dosing. PTVy (150 mg/100 mg) and
the NS5A inhibitor OBV (25 mg) are coformulated in a single tablet
taken as two tablets once daily. This tablet is combined with the non-
nucleoside polymerase inhibitor DSV (250 mg) taken as one tablet
twice daily. Placebo or the combination of the three DAAs plus
ritonavir (referred to as the ‘3D’ regimen) and weight-based RBV was
given for 12 weeks to treatment-naive, noncirrhotic patients with
HCV genotype 1 in the phase 3 SAPPHIRE-I trial (15). Patients ran-
domly assigned to placebo subsequently received active treatment. Of
473 patients who started active therapy, 455 (96%) achieved SVR12,
clearly superior to a historical control of TVR-based triple therapy in
a similar patient population (estimated SVR12 of 78%). SVR12 did

Population Recommended

Alternative (IFN-free) Alternative (IFN-contalning) Not recommended

Genotype 1a, noncirrhotic SOF/LDV x 8-12 weeks*
PTVR/OBV/DSV/RBV x 12 weeks

Genotype 1b, noncirrhotic SOF/LDV x 8-12 weeks*
PTVR/OBV/DSV x 12 weeks
SOF/LDV x 12 weeks
PTV/OBV/DSV/RBV x 12 weeks

Genotype 1a, cirrhotic

SOF/LDV x 12 weeks
PTVR/OBV/DSV/RBV x 12 weeks

Genotype 1b, cirrhotic

SOF/SIM x 12 weeks

SOF/SIM x 12 weeks

SOF/SIM x 12 weeks

SOF/SIM x 12 weeks

SOF/PEG/RBV x 12 weeks
SIM/PEG/RBY x 24 weeks
(if Q80K-)

PEG/RBV
PEG/RBV/BOC or TVR
SIM/PEG/RBV x 24 weeks (if Q80K+)

SOF/PEG/RBV x 12 weeks PEG/RBV
SIM/PEG/RBV x 24 weeks PEG/RBV/BOC or TVR
SOF/PEG/RBV x 12 weeks PEG/RBV

SIM/PEG/RBV x 24-48 weeks PEG/RBV/BOC or TVR

(if Q80K-) SIM/PEG/RBV x 24 weeks (if Q80K+)
SOF/PEG/RBV x 12 weeks PEG/RBV '
SIM/PEG/RBV x 24 weeks PEG/RBV/BOC or TVR

*In noncirrhotic, treatment-naive patients with HCV genotype 1a or 1b, treat with sofosbuvir/ledipasvir (SOF 400 mg/LDV 90 mg) once daily (one tablet) for eight
weeks. Consider 12 weeks of treatment if baseline HCV RNA 26 million IU/mL. + Positive; — Negative; BOC Boceprevir; DSV Dasabuvir (250 mg) one tablet twice
daily; IFN Interferon; PEG Peginterferon alfa-2a (180 ug subcutaneously/week) or peginterferon alfa-2b (1.5 jig/kg/week); PTV/OBV Paritaprevir (150 mg)/ritonavir
(100 mg)/ombitasvir (25 mg) two tablets once daily; Q80K Simeprevir-associated resistance variant at position 80; RBV Ribavirin (weight-based dosing: 1000 mg
daily if <75 kg: 1200 mg daily if275 kg); SIM Simeprevir (150 mg once daily); SOF Sofosbuvir (400 mg once daily); TVR Telaprevir
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not differ between patients with HCV genotype 1a (95% [307 of 322])
or 1b (98% [148 of 151]). The only baseline factor associated with
response was body mass index (BMI). Obese patients (BMI 230 kg/m?)
had an SVRI12 rate of 91.5% compared with 97% in patients with a
lower BML. There was no difference in response according to IL28B
genotype, fibrosis stage, baseline HCV RNA level, ethnicity or RBV
dose modification. :

Safety of the regimen was evaluated by comparing with patients
randomly assigned to placebo (15). Adverse events were more com-
mon in those on active treatment (88%); however, 73% of placebo-
treated patients also experienced at least one adverse event. Severe
adverse events (2.1%), in particular those requiring drug discontinua-
tion (<1%), were rare. The most common side effects were fatigue and
headache, but were no more frequent with active treatment than pla-
cebo. Nausea, pruritus, insomnia, diarrhea and asthenia were reported
more frequently in patients on active treatment. Total bilirubin eleva-
tions were seen in 2.8% of patients on this regimen, likely due to RBV-
related hemolysis and inhibition of the bilirubin transporters
OATP1B1 and OATPIB3 by PTVg. No episodes of hepatotoxicity
were reported. Grade 2 anemia (hemoglobin 80 g/L to 100 g/L) was
reported in 5.8% of patients treated with this regimen including RBV.
In 5.5% of patients, the RBV dose was modified due to adverse events,
but no impact on the rate of SVR12 was observed in these patients.

The TURQUOISE-II phase 3 trial evaluated the PTV,/OBV/DSV
plus RBV regimen (12 versus 24 weeks) in treatment-naive and treat-
ment-experienced -patients with compensated cirrhosis (13). Among
treatment-naive patients, the rates of SVR12 were similar between the
12- and 24-week arms (94% [81 of 86] versus 95% [70 of 74]) and by
genotype subtype (genotype la: 12 versus 24 weeks: 92% [59 of 64]
versus 93% [52 of 56]; and genotype 1b: 100% in both the 12-week
[22 of 22] .and 24-week [18 of 18] groups). SVR12 rates among previ-
ously treated patients from TURQUOISE-II are discussed below.

To evaluate the importance of RBV administration with PTVp/
OBV/DSV, the PEARL-III and PEARL-IV phase 3 trials were con-
ducted in treatment-naive, noncirrhotic patients with genotypes 1b
and 1a, respectively (75). In PEARL-II], patients with HCV genotype
1b were randomly assigned to receive PTV/OBV/DSV alone (n=209)
or with RBV (n=210) for 12 weeks. Only three of 419 patients in the
trial failed treatment; the SVR12 rate was 99% in both groups. In the
PEARL-IV trial, of 205 patients with HCV genotype 1a randomly
assigned to receive PTV,/OBV/DSV alone for 12 weeks, 185 (90%)
achieved SVR12; this rate was significantly lower than that observed
in patients treated with PTV/OBV/DSV plus RBV (97% [97 of 100]),
emphasizing the importance of RBV coadministration when this regi-
men is prescribed to patients with HCV genotype 1a (75).

SOF and SIM: SOF (400 mg daily) was combined with the second-
generation PI SIM (150 mg daily) with or without RBV for 12 or
24 weeks in the phase 2 COSMOS study (76). The study was divided
into two cohorts: cohort 1 included 80 null responders with mild fibrosis
(FO to F2) and cohort 2 included 87 treatment-naive and null respond-

ers with advanced fibrosis (F3 and F4). HCV RNA was suppressed on -

treatment in all patients, but six patients relapsed. The overall SVR12
rate was 92% (154 of 167), with similar results in cohorts 1 and 2 (90%
[72 of 80] versus 94% [82 of 87], respectively). The SVR12 rates did not
differ between 12 and 24 weeks of treatment, with or without RBV, or in
treatment-naive versus treatment-experienced patients (95% [38 of 40]
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versus 91%[116 of 127]). The presence of a polymorphism at position
80 with a substitution of a K (lysine) for Q (glutamine), referred to as
the ‘Q80K’ polymorphism, which is associated with reduced activity of
SIM and found almost exclusively in patients with HCV genotype 1a
(see below) (77,78), did not impact the rate of SVR12 (76). Although
four of the six relapsers had genotype la infection and the Q80K poly-
morphism at baseline, 88% (51 of 58) of patients with this polymorph-
ism still achieved SVR12. In this small trial, the regimen was well
tolerated; headache, fatigue and nausea were the most commonly
reported side effects. Only four patients (2%) discontinued treatment
due to adverse events. Although the results from this trial are encour-
aging, given its small sample size and the availability of other effective
and less expensive all-oral antiviral regimens, this regimen should be
considered as a second-line option until further data emerge.

PEG-IFN-containing regimens

Given the efficacy and markedly improved tolerability of SOF or SIM
combined with PEG-IFN and RBV compared with TVR- or BOC-
based regimens, the latter first-generation Pls should no longer be used
except in rare circumstances where treatment is urgent and access to
newer agents is not available. The use of BOC and TVR is reviewed in
the 2012 version of the present guidelines (3).

SOF, PEG-IEN and RBV: SOF (400 mg daily) was combined with
PEG-IFN and RBV for 12 weeks in patients with HCV genotypes 1, 4,
5 and 6 in the uncontrolled, open-label, phase 3 NEUTRINO trial (5).
Among patients with HCV genotype 1, the SVR12 rate was 89% (261
of 292). Although a higher proportion of patients with genotype la
achieved SVR12 than those with genotype 1b (92% [206 of 225] versus
82% [54 of 66]), this difference was not. statistically significant. In
multivariate analysis, the presence of cirrhosis and a non-CC IL28B
genotype were the only predictors of virological failure. The SVR12
rate was 92% (252 of 273) in noncirrhotic patients versus 80% (43 of
54) in patients with compensated cirrhosis. The SVR12 rate was 98%
(93 of 95) in patients with the IL28B CC genotype, compared with
87% (202 of 232) in those with a non-CC genotype. Although the side
effect profile appeared similar to that of PEG-IFN and RBV dual ther-
apy, the uncontrolled nature of the study precluded a clear evaluation
of safety. However, only 2% of patients discontinued treatment due to
an adverse event, Among the 28 patients who relapsed (9% of the
cohort), resistance to SOF was not detected by deep sequencing (5).

SIM, PEG-IFN and RBV: In the QUEST-1 and QUEST-2 phase 3
trials (6,7), conducted in North America and Europe, respectively, the
second-generation PI SIM (150 mg once daily) was combined with
PEG-IFN and weight-based RBV for 12 weeks followed by an addi-
tional 12 or 36 weeks of PEG-IFN plus RBV and compared with PEG-
IFN plus RBV for 48 weeks in patients with HCV genotype 1. Patients
randomly assigned to triple therapy who had HCV RNA <25 [U/mL
at week 4 and undetectable HCV RNA at week 12 continued PEG-
IEN plus RBV for 12 additional weeks and then stopped all treatment.
Patients who did not meet these early response criteria continued
PEG-IFN and RBV for an additional 36 weeks (ie, 48 weeks total). In
pooled data from these trials, the SVR12 rate in the SIM/PEG-IFN/
RBV groups was 80% (419 of 521), significantly higher than in
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patients réceiving PEG-IFN and RBV alone (50% [132 of 264]) (6,7).
In total, 88% (459 of 521) of patients in the SIM/PEG-IFN/RBV groups
qualified for shortened therapy and 88% (405 of 459) of these patients
achieved SVR12. In the two trials, of the 12% (62 of 521) of patients
who did not qualify for shortened therapy, the SVR12 rate was 32%
despite up to 36 weeks of additional PEG-IFN and RBV. SVR12 rates
differed according to baseline fibrosis level, decreasing from 84% (317 of
378) in patients with FO to F2 fibrosis to 60% (29 of 48)-in those with
cirthosis. The IL28B genotype was also important, with SVR12 rates of
95% (144 of 152) in CC patients treated with: triple therapy compared
with 80% (63 of 79) with PEG-IFN and RBV alone, and 75% (275 of
369) in patients with a non-CC genotype who received triple therapy
compared with 37% (69 of 185) in the control arm. ‘

The most important predictor of response was the presence of the
Q80K polymorphism at baseline (described above). In pooled data
from these trials (6,7), the SVR12 rate with SIM-based triple therapy
was 58% (49 of 84) in patients with genotype 1a and Q80K; no differ-
ent than that seen in the PEG-IFN and RBV control arm (52% [23 of
44]). In contrast, among patients with genotype 1a infection without
Q80K, the SVR12 rate was 84% (138 of 165), similar to that seen in
patients with genotype 1b infection (85% [228 of 267]) and signifi-
cantly higher than found in the control arms (43% [36 of 83] in geno-
type la without Q80K and 53% [70 of 133] in genotype 1b). In these
trials, the Q80K polymorphism was present at baseline in 34% of
patients with genotype la infection and available sequencing data, but
in only one of 400 patients with genotype 1b (6,7). Rates of Q80K
positivity among patients with HCV genotype 1a in Canada have
been reported to be as high as 47% (79).

SIM was well tolerated in these trials (6,7). In pooled data across
the SIM study program (80), the main adverse events seen more fre-
quently in SIM-treated patients were rash (mostly mild) seen in 23%
of patients (versus 17% of controls) and photosensitivity in 3.3%
(versus 0.5% of controls). Total bilirubin elevation, which is due to
inhibition of biliary transporters and RBV-related hemolytic anemia,
was observed in 7.9% of patients (versus 2.8% of controls). Notably,
the incidence of anemia was similar among patients treated with SIM-

based triple therapy versus PEG-IFN and RBV alone.

TREATMENT-EXPERIENCED PATIENTS WITH HCV
GENOTYPE 1 (TABLE 5)

PEG-IFN-free regimens k

Patients who have failed IFN-based therapy should be categorized ‘as
relapsers (undetectable HCV RNA during treatment with reappear-
ance of HCV RNA within six months of stopping therapy), partial
responders (decline of at least 2 log;, IU/mL in HCV RNA without
ever achieving undetectable HCV RNA during therapy), or null
responders (<2 log,, IU/mL decline in HCV RNA during therapy; or
breakthrough [increase by >1 log,, IU/mL in HCV RNA above nadir
despite ongoing antiviral therapy]) (3). Patients with an unknown
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previous response should be managed as null responders. As in treat-
ment-naive patients, all previously treated patients with HCV geno-
type 1 would benefit from all-oral DAA regimens rather than those
containing IFN because these patients, with the exception of relapsers,
have demonstrated poor IFN responsiveness.

SOF/LDV: The single tablet regimen of SOF/LDV was evaluated in
treatment-experienced patients in the ION-2 phase 3 trial (9). The
study included relapsers (56%) and nonresponders (44%), including
patients who had failed PEG-IFN/RBV dual therapy (48%) or in com-
bination with a PI (52%). Patients were randomly assigned to receive
12 or 24 weeks of treatment with or without weight-based RBV. The
SVR12 rate was 94% (102 of 109) in patients who received 12 weeks of
SOF/LDV and 96% (107 of 111) in those who also received RBV. The
SVR12 rate in patients who received 24 weeks of SOF/LDV therapy
was 99% (218 of 220 overall) whether the patients also received RBV.
Virological relapse occurred in 4% to 6% of patients treated for 12 weeks,
but in none treated for 24 weeks. The SVR12 rate in patients with com-
pensated cirrhosis (20% of each treatment arm) treated for 12 weeks
with SOF/LDV alone was 86% (19 of 22) versus 82% (18 of 22) in
those who also received RBV. In cirrhotic patients treated for 24 weeks
(with or without RBV), the SVR12 rate was 100% (44 of 44). No base-
line or on-treatment predictors of relapse were identified in patients
with cirrhosis. There were no differences in SVR12 rates according to
receipt .of RBV, previous antiviral regimen (PEG-IFN/RBV versus
PEG-IFN/RBV plus a P1), or previous treatment response (relapse ver-
sus nonresponse ). Among the 62 patients (14%) with detectable NS5A
resistance at baseline, 55 (89%) achieved an SVR12. All 11 patients
who relapsed had detectable NS5A resistance at the time of relapse, but
SOF-associated resistance was not detected. Among patients previously
treated with a Pl-containing regimen, 71% had NS3/4A resistance at
baseline and 98% of these patients achieved an SVR12 (9). Tolerability
of SOF/LDV was similar to that observed in the ION-1 and ION-3
studies (see above) (8,10); more adverse events were reported in
patients treated with RBV.

Based on the higher rates of response observed in the [ON-2 trial
among previous treatment failure patients with compensated cirrhosis
treated for 24 versus 12 weeks, Health Canada and the FDA have
recommended a 24-week regimen of SOF/LDV in this patient sub-
group. However, a subsequent and significantly larger randomized trial
from France (the SIRIUS trial) (81) suggested that a 12-week regimen
of SOF/LDV plus weight-based RBV is as effective as a 24-week SOF/
LDV regimen in patients with cirrhosis who had failed both PEG-IFN/
RBV and triple therapy including a PI. Specifically, 74 of 77 patients
(96%) randomly assigned to SOF/LDV/RBV for 12 weeks had an
SVR12 (4% relapse rate) compared with 75 of 77 patients (97%) ran-
domly assigned to SOF/LDV alone for 24 weeks (3% relapse rate).
Furthermore, in a pooled analysis of data from the SIRIUS trial and six
other phase 2 and 3 studies that included 352 treatment-experienced
patients with cirrhosis (82), 12 weeks of SOF/LDV/RBV resulted in a
similar SVR12 rate to 24 weeks of SOF/LDV alone (96% versus 98%).

PTV,/OBV/DSV and RBV: The combination of PTV,/OBV/DSV
with weight-based RBV was evaluated in treatment-experienced
patients without cirrhosis in the SAPPHIRE-II phase 3 trial (14).
Among 297 patients randomly assigned to PTV,/OBV/DSV plus RBV
regimen for 12 weeks, 286 (96%) achieved SVR12. No pre- or on-
treatment predictors of response were identified. The SVR12 rate was
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TABLE 5
Treatment-experienced patients with hepatitis C virus (HCV) genotype 1
Population Recommended Alternative (IFN-free) Alternative (IFN-containing) Not recommended

Genotype 1a, noncirrthotic SOF/LDV x 12 weeks
PTVR/OBV/DSV/RBV x 12 weeks

SOF/SIM x 12 weekst SOF/PEG/RBV x 12 weeks PEG/RBV
SIM/PEG/RBV x 24-48 weeks (if Q80K—)T¥ PEG/RBV/BOC or TVR
SIM/PEG/RBYV (if Q80K+)

Genotype 1b, noncirrhotic SOF/LDV x 12 weeks SOF/SIM x 12 weeks! ~ SOF/PEG/RBV x 12 weeks PEG/RBV
PTVR/OBV/DSV x 12 weeks SIM/PEG/RBV x 24-48 weeks'+ PEG/RBV/BOC or TVR
Genotype 1a, cirrhotic SOF/LDV/RBY x 12 weeks SOF/LDV x 24 weeks SOF/PEG/RBV x 12 weeks PEG/RBV

PTVR/OBV/DSV/RBV x 12-24 SOF/SIM x 12 weeks! SIM/PEG/RBV x 24-48 weeks (if Q80K-)Tf  PEG/RBV/BOC or TVR
weeks” SIM/PEG/RBYV if Q80K+)

SOF/LDV/RBV x 12 weeks SOFLDV x 24 weeks SOF/PEG/RBV x 12 weeks PEG/RBV

PTV;/OBV/DSV/RBV x 12 weeks SOF/SIM x 12 weeks? SIM/PEG/RBV x 24-48 weekst# PEG/RBV/BOC or TVR

*Patlents with HCV genotype 1a, cirrhosis and previous null response should receive 24 weeks of PTV i/OBV/DSV/RBV (paritaprevir/fritonavir/ombltasvir/dasabuvir/
ribavirin) if treated with this regimen. Relapsers and partial responders with genotype 1 and cirrhosis can be treated for 12 weeks with PTV/OBV/DSV/RBV;

tSimeprevir (SIM)-containing regimens should not be given to patients who have failed previous therapy with a protease inhibitor: *Previous nulf responders with
genotype 1a or 1b should not be treated with SIM/ Peginterferon alfa-2a or peginterferon alfa-2b (PEG)/RBV regardiess of the presence or absence of cirrhosis.

Previous relapsers should be treated for 24 weeks total (12 weeks of SIM/PEG/RBV followed by 12 weeks of PEG/RBV) if HCV RNA <25 IU/mL at.week 4 and
undetectable at week 12. Otherwise, all treatment should be discontinued. Partial responders should be treated for 48 weeks total (12 weeks of SIM/PEG/RBV fol-
lowed by 36 weeks of PEG/RBV) if HCV RNA <25 [U/mL at week 4 and undetectable at weeks 12 and 24; otherwise, all treatment should be discontinued. + Positive;
— Negative; BOC Boceprevir; DSV: 250 mg one tablet twice daily; IFN Interferon; PEG: Peginterferon alfa-2a (180 ug subcutaneously/week) or peginterferon alfa-2b
(1.5 ug/kg/week); PTV/OBV: 150 mg/100 mg/25 mg, two tablets once daily; Q80K SIM-associated resistance variant at position 80; RBV weight-based dosing:
1000 mg daily if <75 kg; 1200 mg daily if 275 kg; SIM. 150 mg once daily; SOF Sofosbuvir (400 mg once daily), SOF/LDV SOF 400 mg/ledipasvir 90 mg once daily

Genotype 1b, cirrhotic

(one tablet); TVR Telaprevir

similar between patients with genotype 1a (96% [166 of 173]) and 1b
(97% [119 of 123]), and did not differ between relapsers (95% [82 of
86]), partial responders (100% [65 of 65]) and null responders (95%
[139 of 146]). RAVs to one or more of the three DAAs in the regimen were
detected in five of the seven patients with post-treatment relapse (14).

In the TURQUOISE-II trial (13), PTVy/OBV/DSV plus RBV
regimen for 12 or 24 weeks was evaluated in 380 patients with com-
pensated cirrhosis, of whom 58% had previously failed PEG-IFN and
RBV therapy. Among patients with genotype 1b, the SVR12 rate was
99% (67 of 68) with 12 weeks of therapy and 100% (51 of 51) with
24 weeks. Response rates did not differ according to treatment dur-
ation or previous treatment history. In patients with genotype la
infection, SVR12 rates were 89% (124 of 140) with 12 weeks and
94% (114 of 121) with 24 weeks of therapy; this difference was not
statistically significant. There was no difference between the 12- and
24-week study arms among treatment-naive, cirrhotic patients with
genotype la (12 versus 24 weeks: 92% [59 of 64] versus 93% [52 of
56]), previous relapsers (93% [14 of 15] versus 100% {13 of 13]) or
partial responders (100% [11 of 11] versus 100% [10 of 10]). However,
among null responders with genotype 1a, the 24-week arm was superior
to 12 weeks of treatment (93% [39 of 42] versus 80% [40 of 50]) (13).

To determine the importance of RBV in noncirrhotic, treatment-
experienced patients with HCV genotype 1b infection, the PEARL-II
study randomly assigned patients to receive PTV,/OBV/DSV with or
without RBV for 12 weeks (83). All 91 patients (100%) who received
PTVR/OBV/DSV alone achieved SVR12 compared with 97% (85 of
88) randomly assigned to also receive RBV.

There is expected to be overlap between RAVs due to Pl-based
therapies. Because the PTVR/OBV/DSV regimen contains a Pl and
other regimens with documented activity in these patients are avail-
able (ie, SOF/LDV) (9), this regimen should not be used in patients
who have failed another PI (eg, TVR, BOC or SIM).
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SOF and SIM: As previously described, SOF (400 mg daily) was com-
bined with the PI SIM (150 mg daily) with or without RBV for 12 or
24 weeks in the phase 2 COSMOS study (76). Cohort 1 included
80 null responders with mild fibrosis (FO to F2) and cohort 2 included
47 null responders (plus 40 treatment-naive patients) with advanced
fibrosis (F3 and F4). Overall, 116 of 127 null responders (91%)
achieved an SVR12, not significantly different from that observed
among treatment-naive subjects (95% [38 of 40]). SVR12 rates among
null responders were similar regardless of fibrosis severity (FO to F2:
90% [72 of 80] versus F3: 96% [23 of 24] versus F4: 91% [21 of 23]),
treatment. duration or receipt. of RBV. Given the expected cross-
resistance between other Pls and SIM, patients who previously failed
treatment with these agents were excluded from the study (76).
Because of the small sample size of this trial and the availability of
other effective and less expensive IFN-free regimens, this combination
should be considered as a second line option until further data emerge.

PEG-IFN-containing regimens

Given the efficacy and markedly improved safety and tolerability of
SOF and SIM combined with PEG-IFN and RBV compared to TVR or
BOC-based regimens, these first generarion Pls should no longer be
used except in rare circumstances (see above).
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SOF, PEG-IFN and RBV: Experience with the use of SOF (400 mg) in
combination with PEG-IFN and RBV in patients who have failed IFN-
based therapy is limited. Nevertheless, Health Canada and the United
States FDA have approved this regimen for treatment-experienced
patients. Based on a modelling approach, the FDA projected an SVR12
rate of 78% in PEG-IFN and RBV treatment failures if retreated with
SOF plus PEG-IEN/RBV for 12 weeks. In the NEUTRINO phase 3 trial
of treatment-naive patients (5), 52 patients with HCV genotype 1 had
characteristics typical of the treatment-experienced population (ie,
advanced fibrosis [F3 and F4], a non-CC IL28B genotype and high base-
line viral load [>800,000 IU/mL]). Thirty-seven of these patients (71%)
achieved SVR12 with 12 weeks of SOF/PEG-IFN/RBV (74). Although
this regimen is also untested in patients who have failed therapy with a
PI, the absence of cross-resistance between the Pls and SOF suggests
that these patients should respond similarly to those who failed treat-
ment with PEG-IFN/RBV alone.

SIM, PEG-IFN and RBV: SIM (150 mg daily) has been evaluated in
combination with PEG-IFN and weight-based RBV for 12 weeks fol-
lowed by an additional 12 to 36 weeks of PEG-IFN and RBV in patients
with HCV genotype 1 who failed IFN-based therapy in two trials. The
phase 3 PROMISE study (84) included relapsers, whereas the phase 2b
ASPIRE trial (85) also included partial and null responders. In the
PROMISE trial (84), an RGT approach identical to that used in treat-
ment-naive patients was evaluated' (see above). Treatment with triple
therapy was more effective than PEG-IFN and RBV dual therapy
(SVR12: 79% [206 of 260] versus 36% [48 of 133]) in these relapsers.
The majority of SIM-treated patients (93% [241 of 260]) were eligible to
shorten treatment from 48 to 24 weeks and 83% of these patients (200 of
241) achieved SVR12. In patients with undetectable HCV RNA at
week 4 (77% of the cohort), the SVR12 rate was 87% (173/200), com-
pared with 60% in those with HCV RNA <25 [U/mL but detectable at
week 4. Among patients who did not qualify for shortened therapy, the
SVR12 rate was 40% (six of 15) despite 48 weeks of treatment. Of the
39 patients with compensated cirrhosis randomly assigned to triple ther-
apy, 29 (74%) achieved SVR12 compared with five of 19 (26%) in the
control arm. As reported in treatment-naive subjects from the QUEST-1
and QUEST-2 trials (6,7), patients with HCV genotype 1a and the
Q80K mutation at baseline did not benefit from SIM treatment (SVR12
ratés in the simeprevir and placebo arms: 47% (14 of 30] versus 30% [six
of 20], respectively). RAVs similar to those selected by TVR and BOC

emerged in most patients (90%) who did not achieve SVR12 in the
SIM arm (84). )

In the phase 2b ASPIRE trial (85), 462 patients who failed PEG-
IFN/RBV therapy (40% relapsers, 35% partial responders and 25%
null responders) were randomly assigned to receive SIM (100 mg or
150 mg or placebo) for 12, 24 or 48 weeks in combination with PEG-
IEN and RBV for 48 weeks. In patients treated with SIM 150 mg daily
for 12 weeks, SVR24 rates were 77% (20 of 26) in relapsers, 65% (15 of
23) in partial responders and 44% (eight of 18) in null responders; all
superior to rates in the control arm (37%, 19% and 9%, respectively).
Among null responders with cirrhosis (across all SIM 150 mg arms),
31% (four of 13) achieved SVR24 with SIM compared with neither of
two patients treated with PEG-IFN and RBV.

PATIENTS WITH HCV GENOTYPE 2 (TABLE 6)

SOF and RBV

In the phase 3 FISSION trial (5), SOF (400 mg daily) was administered
in combination with weight-based RBV for 12 weeks to treatment-
naive patients with HCV genotype 2. Patients .randomly assigned to
the control arm received a 24-week course of PEG-IFN and RBV
(800 mg daily). Patients with cirrhosis accounted for approximately
20% of the study population. The SVR12 rates in the SOF/RBV and
PEG-IFN/RBV arms were 97% (68 of 70) and 78% (52 of 67), respect-
ively. The incidence of adverse events was consistently lower among
patients who received SOF/RBV, particularly the influenza-like symp-
toms and depression characteristic of [FN-based therapy. In the phase 3
VALENCE trial (12), 32 treatment-naive patients with HCV genotype
2 received a 12-week regimen of SOF and weight-based RBV.. As
observed in the FISSION study (5), all but one of these patients (97%)
achieved an SVR12. The response rate did not differ between cirrhotic
(100% [two of two]) and noncirrhotic patients (97% [29 of 30]). In the
phase 3 POSITRON trial (11), 143 IFN-ineligible patients with HCV
genotype 2 were randomly assigned to receive SOF and weight-based
RBV for 12 weeks or placebo. The majority of patients in this trial had
contraindications to or refused IFN therapy; only 7% had previously

TABLE 6
Patients with hepatitis C virus genotype 2
Population Recommended Alternatlve (IFN-free) - Alternative (IFN-containing) Not recommended
Treatment-naive SOF/RBV x 12 weeks None SOF/PEG/RBV x 12 weeks  PEG/RBV/PI
PEG/RBV x 24 weeks* SOF/LDV
PTVR/OBV/DSV + RBV
SOF/SIM
Treatment-experienced, noncirrhotic SOF/RBV x 12 weeks None SOF/PEG/RBV x 12 weeks  PEG/RBV
Treatment-experienced, cirrhotic SOF/PEG/RBV = 12 weeks  SOF/RBV x 16 weeks* None PEG/RBV/PI
SOF/LDV
PTVg/OBV/DSV + RBV
SOF/SIM

*Clinically inferior regimen. DSV Dasabuvir (250 mg) one tablet twice daily; IFN Interferon; PEG Peginterferon alfa-2a (180 ug subcutaneously/week) or peginter-
feron alfa-2b (1.5 ug/kg/week); Pl Protease inhibitor (eg, boceprevir, telaprevir or simeprevir); PTV/OBV Paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir (25 mg)
two tablets once daily; RBV Ribavirin (weight-based dosing [1000 mg daily if <75 kg, 1200 mg daily if 275 kg] if combined with sofosbuvir (SOF); 800 mg daily if used
in dual therapy with PEG),; SIM Simeprevir (150 mg daily); SOF: 400 mg daily; SOF/LDV SOF 400 mg/ledipasvir 90 mg once daily (one tablet)
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failed IFN-based treatment. Among 109 patients with genotype 2
treated with SOF/RBV for 12 weeks, 101 patients (93%) achieved an
SVR12, similar to results observed in the FISSION and VALENCE
trials (5,12). SVRI12 rates did not differ between patients with and
without cirrhosis (94% [16 of 17} versus 92% [85 of 92]).

SOF (400 mg daily) and weight-based RBV has also been studied
in treatment-experienced patients with HCV genotype 2 in the
VALENCE (12) and FUSION (11) phase 3 trials. In VALENCE (12),
37 of 41 (90%) treatment-experienced patients had an SVR12 fol-

. lowing a 12-week course of SOF/RBV. In the FUSION trial (11),
68 patients who had previously failed an IFN-containing regimen
(approximately 75% due to relapse), were randomly assigned to receive
SOF/RBV for either 12 or 16 weeks. Overall, an SVR12 was observed
in 86% (31 of 36) of patients treated for 12 weeks versus 94% (30 of
32) treated for 16 weeks, although this difference was not statistically
significant. In patients without cirrhosis, high rates of SVR12 were
observed regardless of treatment duration (12 versus 16 weeks: 96%
[25 of 26] versus 100% [23 of 23]). However, lower rates of response
were observed among patients with cirrhosis (12 versus 16 weeks: 60%
[six of 10] versus 78% [seven of nine]). Although this difference was
not statistically significant, the poor response rate among patients
treated for 12 weeks suggests that a 16-week regimen is preferred if
SOF/RBV is prescribed to this patient subgroup, particularly in IFN-
ineligible subjects. Tolerability of SOF/RBV was similar to that
observed in the FISSION and POSITRON studies (5,11).

SOF, PEG-IFN and RBV

SOEF, PEG-IFN, and weight-based RBV for 12 weeks has been studied
in patients with HCV genotype 2 who failed previous therapy in an
open-label phase 2 study (86). Among 23 patients with HCV geno-
type 2 (14 with cirrhosis), an SVR12 rate of 96% (22 of 23) was
observed. High rates of response were observed among cirrhotic (93%
[13 of 14]) and noncirthotic patients (100% [nine of nine]). Among
the entire study population (n=47), which also included 24 patients
with genotype 3, three patients discontinued RBV due to anemia and
one patient discontinued all therapy due to pain. Serious adverse

events occurred in four patients (9%); the majority were considered

due to PEG-IFN or RBV and none due to SOE

Management of chronic hepatitis C

PATIENTS WITH HCV GENOTYPE 3 (TABLE 7)

SOF and RBV

In the phase 3 FISSION trial (5), SOF (400 mg daily) in combination
with weight-based RBV for 12 weeks or PEG-IFN/RBV (800 mg daily)
for 24 weeks were administered to 359 treatment-naive patients with
HCV genotype 3. Overall, an SVR12 was observed in 56% (102 of
183) of patients randomly assigned to receive SOF/RBV compared
with 63% (110 of 176) in those treated with PEG-IFN/RBV. This dif-
ference was not statistically significant. In light of the suboptimal
responses observed with a 12-week SOF/RBV regimen in this trial, the
VALENCE trial examined a 24-week course in patients with HCV
genotype 3 (12). Among treatment-naive patients, 94% (99 of 105)
achieved an SVR12; responses did not differ between cirrhotic (92%
[12 of 13]) and noncirrhotic patients (95% [87 of 92]).

SOF/RBV combination therapy has also been studied in treat-
ment-experienced patients with HCV genotype 3. In the FUSION
phase 3 trial (11), 127 patients who had failed previous treatment were
randomly assigned to 12 or 16 weeks of SOF and weight-based RBV.
Overall, SVR12 rates were 30% (19 of 64) and 62% (39 of 63) in the
12- and 16-week groups, respectively. The presence of cirrhosis was a
strong negative predictor of response in patients treated for 12 weeks;
only 19% (five of 26) of cirrhotic patients and 37% (14 of 38) of non-
cirthotic patients had an SVR12 with this regimen. In the 16-week
treatment arm, SVR12 rates were 61% (14 of 23) among patients with
cirthosis and 63% (25 of 40) in those without cirrhosis. In this trial,
the primary mode of treatment failure was relapse, which was observed
among 66% (42 of 64) of patients treated for 12 weeks and 38% (24 of
63) of those treated for 16 weeks. Therefore, the VALENCE trial exam-
ined a longer course (24 weeks) of SOF/RBV therapy in 145 treatment-
experienced patients with HCV genotype 3 (12). Among 98 noncirrhotic
patients in this trial, an SVR12 was observed in 85 (87%). However,
only 62% (29 of 47) of patients with cirrhosis had an SVR12. Based on
these data, alternative treatment options are necessary in cirrhotic,
treatment-experienced patients with HCV genotype 3.

SOF, PEG-IFN and RBV

SOFE, PEG-IFN and weight-based RBV administered for 12 weeks was
studied in patients with HCV genotype 3 who failed previous therapy
in a small, open-label phase 2 study (86). Among 24 patients, 12 of
whom had cirrhosis, an SVR12 rate of 83% (20 of 24) was observed.
There was no difference in résponse between cirrhotic and non-
cirrhotic patients (83% [10 of 12] in both groups).

SOF/LDV plus RBV

The single tablet regimen of SOF/LDV has been studied in patients
with HCV genotype 3 in the open-label, phase 2, ELECTRON-2
trial conducted in two centres in New Zealand (87). In this study,
51 treatment-naive patients (16% with cirrhosis) were randomly
assigned to 12 weeks of SOF/LDV with or without weight-based RBV.
Fifty treatment-experienced patients (44% with cirrhosis) all received
SOF/LDV plus RBV. Among treatment-naive patients, SVR12 rates
were 64% (16 of 25) in the SOF/LDV group and 100% (26 of 26) in those
who received SOF/LDV plus RBV. In teatment-experienced patients

" TABLE 7
Patients with hepatitis C virus genotype 3
Population Recommended Alternative (IFN-free) Alternative (IFN-containing) Not recommended

Treatment-naive, noncirrhotic SOF/RBV x 24 weeks

Treatment-naive, clrrhotic SOF/RBV x 24 weeks
Treatment-experienced, noncirrhotic  SOF/RBV x 24 weeks
Treatment-experienced, cirrhotic

SOF/LDV/RBV x 12 weeks

SOF/LDV/RBV x 12 weeks
SOF/LDV/RBV x 12 weeks
SOF/PEG/RBV x 12 weeks SOF/RBV x 24 weeks” None
SOF/LDV/RBV x 12 weeks

SOF/PEG/RBV x 12 weeks PEG/RBV/PI

PEG/RBV x 24 weeks* PTV/OBV/DSV + RBV
SOF/SIM

SOF/PEG/RBV x 12 weeks PEG/RBV

SOF/PEG/RBV x 12 weeks PEG/RBV/PI
PTVL/OBV/DSV + RBV
SOF/SIM

*Approved, but clinically inferior regimen. DSV Dasabuvir (250 mg) one tablet twice daily; IFN Interferon; PEG Peginterferon alfa-2a (180 ug subcutaneously/veek) or
peginterferon alfa-2b (1.5 ug/kg/week); Pl Protease inhibitor (eg, boceprevir, telaprevir or simeprevir); PTV/OBYV Paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir
(25 mg) two tablets once daily; RBV Ribavirin (weight-based dosing [1000 mg daily if <75 kg, 1200 mg daily if 275 kg] if combined with sofosbuvir (SOF); 800 mg daily
if used in dual therapy with PEG); SIM Simeprevir (150 mg daily); SOF: 400 mg daily; SOF/LDV SOF (400 mg)/ledipasvir (90 mg) once daily (one tablet)
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treated with SOF/LDV/RBV for 12 weeks, noncirrhotic patients had
higher SVR12 rates than those with cirrhosis (89% [25 of 28] versus
73% [16 of 22]). LDV has limited activity against genotype 3 HCV in
vitro (88); therefore, although SOF/LDV is a potential therapeutic
option in these patients, additional data in diverse populations are
necessary before it can be recommended as first-line therapy over
other SOF-containing regimens.

PATIENTS WITH HCV GENOTYPES 4, 5 AND 6
(TABLE 8)

There are limited data to guide treatment decision-making for patients
with HCV genotypes 4, 5 or 6 due to the small numbers of patients
enrolled in phase 3 clinical trials. In Canada, these genotypes are
present in <1% of cases (22). Although the first-generation Pls, BOC
and TVR, do not have clinically significant activity against genotypes
4, 5 or 6, SOF (5) and SIM (89) have activity against all of these
genotypes. However, due to a paucity of published data, Health
" Canada and the United States FDA have approved only SOF for the
treatment of HCV genotype 4.

PEG-IFN-free regimens

PTVR/OBV + RBV: The fixed-dose combination of the ritonavir-
boosted, NS3/4A P1 PTV} and the NS5A inhibitor OBV was studied
in patients with HCV genotype 4 in the PEARL-I study (90).
Treatment-naive patients were randomly assigned to receive PTVg/
OBV with or without weight-based RBV for 12 weeks; all treatment-
experienced patients received RBV. Nearly all patients (93%) in this
study had mild fibrosis (FO to F2) and none had cirrhosis. Among
subjects who received PTVR/OBV plus RBV, all treatment-naive (42 of
42) and treatment-experienced patients (41 of 41) achieved an
SVR12. However, the SVR12 rate was lower (91% [40 of 44]) among
treatment-naive patients randomly assigned to the RBV-free regimen,
suggesting that RBV is necessary with this drug combination. The safety
profile of PTVp/OBV plus RBV was similar to that observed in patients
with HCV genotype 1 who were also treated with DSV (14,15).
SOF/LDV: The single tablet regimen of SOF/LDV was evaluated in
patients with HCV genotype 4 in a single-center, open-label phase 2a
trial (National Institutes of Allergy and Infectious Diseases SYNERGY)
(91). Twenty-one patients (38% treatment-experienced; 40% with
cirthosis) received SOF/LDV for 12 weeks. Among 20 patients who
completed the post-treatment follow-up period, 19 (95%) achieved
SVR12. No patient discontinued treatment due to an adverse event.
In a similar, open-label study conducted among 25 patients with HCV
genotype 6 (92% treatment-naive; 8% with cirrhosis; 80% IL28B CC
genotype) from two centres (ELECTRON-2) (87), a 12-week regimen
of SOF/LDV resulted in an SVR12 rate of 96% (24 of 25). Although
in vitro data suggest that SOF/LDV should be efficacious in patients
with HCV genotype 5 (88), it cannot currently be recommended in
this patient subgroup until clinical trial data are available.

SOF and RBV: The all-oral combination of SOF (400 mg daily) and
weight-based RBV for 12 or 24 weeks was studied in a randomized trial
conducted among 103 Egyptian patients with HCV genotype 4 (52%
treatment-experienced; 17% with compensated cirrhosis) (92). Among
treatment-naive subjects, the SVR12 rates in the 12- and 24-week treat-
ment arms were similar (84% [21 of 25] versus 92% [22 of 24]). Whereas
noncirrhotic patients had similar responses in the 12- and 24-week
treatment arms (86% [19 of 22] versus 90% [19 of 21]), patients with
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cirrhosis appeared to benefit from prolonged therapy (SVR12 in
12- versus 24-week arms: 67% [two of three] versus 100% [three of
three]); however, the sample size was limited. Among treatment-
experienced patients (41% nonresponders), a 24-week regimen was
superior overall (SVR12 rates in 12- versus 24-week arms: 70% [19 of
27] versus 89% [24 of 27]) and in noncirrhotic patients (73% [16 of 22]
versus 95% [20 of 21]). In patients with cirthosis, SVR12 rates in the
12- and 24-week treatment groups were 60% (three of five) and 67%
(four of six), respectively (92). These results were supported by a small
trial of Egyptian persons living in the United States treated with SOF
and weight-based RBV for 12 or 24 weeks (93). In treatment-naive
patients, the SVR12 rate was 79% (11 of 14) in patients treated for
12 weeks and 100% (14 of 14) in those treated for 24 weeks. In treat-
ment-experienced patients, corresponding SVR 12 rates were 59% (10 of
17) and 87% (13 of 15).

PEG-IFN-containing regimens

SOF, PEG-IFN and RBV: In the phase 2 ATOMIC study (94) SOF
(400 mg once daily) was administered for 24 weeks in combination
with PEG-IFN/RBV to a small number of patients with HCV geno-
types 4 and 6. SVR12 rates of 82% (nine of 11) in patients with geno-
type 4 and 100% (five of five) in genotype 6 were observed, supporting
the antiviral activity of this regimen. In the phase 3 NEUTRINO
study (5), a small subset of patients with HCV genotypes 4 (n=28),
5 (n=1) and 6 (n=5) received this regimen for a shorter 12-week treat-
ment period, and SVR12 rates of 96% (27 of 28) in patients with
genotype 4 and 100% (six of six) for genotypes 5-and 6 were reported.
The one patient with genotype 4 who failed to achieve an SVR12 had
cirrhosis and relapsed after cessation of therapy. The tolerability was
similar to that observed historically among patients treated with PEG-
IFN and RBV.

SIM, PEG-IFN and RBV: The RESTORE study was a phase 3, sin-
gle-arm, open-label trial that evaluated SIM with PEG-IFN/RBV in
35 treatment-naive and 72 treatment-experienced patients with HCV
genotype 4 (95). All patients received 12 weeks of triple therapy fol-
lowed by 12 or 36 weeks of PEG-IFN and RBV dual therapy.
Treatment-naive and relapser patients were eligible for RGT (an addi-
tional 12 weeks of PEG-IFN and RBV dual therapy if HCV RNA
<25 IU/mL at week 4 and undetectable at week 12; otherwise, an
additional 36 weeks) while partial and null responders received
36 weeks of dual therapy (48 weeks total). Overall, 65% (70 of 107) of
patients achieved SVR12 (83% [29 of 35] of treatment-naive patients,
86% [19 of 22] of relapsers, 60% [six of 10] of partial responders and
40% [16 of 40] of null responders). The majority of patients (89% of
treatment-naive and 91% of relapsers) met criteria for shortened ther-
apy and SVR12 rates of 94% and 95% were observed in these groups,
respectively. Safety was similar to that observed in other phase 3 trials

of SIM/PEG-IFN/RBYV therapy (6,7).

ANTIVIRAL RESISTANCE
Emergence of RAVs must be considered with all DAA-based ther-
apies. Due to the high replication rate of HCV and the low fidelity of
its RNA-dependent RNA polymerase, new variants emerge continu-
ously (96-98). HCV circulates as a large of population of related
viruses known as quasispecies. Variants with mutations that lead to
DAA resistance emerge by chance and are present at low frequencies
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TABLE 8
Patients with hepatitis C virus (HCV) genotypes 4, 5 and 6
Population Recommended Alternative (IFN-free) Alternative (IFN-containing) Not recommended
Genotype 4 PTV/OBV/RBV x 12 weeks SOF/RBV x 24 weeks SOF/PEG/RBV x 12 weeks PEG/RBV

SOF/LDV x 12 weeks SIM/PEG/RBV x 24-48 weeks* PEG/RBV/BOC or TVR
Genotype 5 SOF/PEG/RBY x 12 weeks None None PTV/OBV/DSV + RBV
Genotype 6 SOF/LDV x 12 weeks None SOF/PEG/RBV x 12 weeks

*Treatment-naive and previous relapser patients with HCV genotype 4 should be treated for 24 weeks total (12 weeks of simeprevir/ peginterforon alfa-2a or pegin-
terferon alfa-2b/ribavirin [SIM/PEG/RBV] followed by 12 weeks of PEG/RBV) if HCV RNA <25 IU/mL at week 4 and undetectable at week 12. Otherwise, all treatment
should be discontinued. Partial and null responders with HCV genotype 4 should be treated for 48 weeks total (12 weeks of SIM/PEG/RBV followed by 36 weeks of
PEG/RBVY) if HCV RNA <25 IU/mL at week 4 and undetectable at weeks 12 and 24; otherwise, ail treatment should be discontinued. BOC Boceprevir, DSV
Dasabuvir (250 mg) one tablet twice daily; IFN Interferon; PEG Peginterferon alfa-2a (180 ug subcutaneously/week) or peginterferon aifa-2b (1.5 ug/kgiwveek); PTVy/
OBV Paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir (25 mg) two tablets once daily; RBV: weight-based dosing (1000 mg daily if <75 kg; 1200 mg daily if
275 kg); SIM: 150 mg once daily; SOF Sofosbuvir (400 mg once daily); SOF/LDV SOF(400 mg)/ledipasvir (90 mg) once daily (one tablet); TVR telaprevir

before DAA exposure. With DAA exposure, these resistant variants
have a selective advantage over wild-type virus and will emerge as the
dominant strains in the quasispecies. The probability that resistance
will emerge with particular DA As depends on their genetic barrier to
resistance. This barrier usually reflects the number of nucleotide sub-
stitutions that must occur for high-level resistance to emerge. For
example, the common PI mutation, R155K, requires two substitutions
in a genotype 1b virus, but a single substitution in a genotype 1a virus
and, consequently, this variant is much more common in patients with
genotype 1a (99). In addition to the genetic barrier, the fitness of the
RAV is important. A RAV that replicates very poorly is unlikely to
emerge on therapy and will be quickly suppressed by wild-type virus
once selective drug pressure is removed (97,98). For example, the
S282T variant that confers resistance to SOF has'extremely low repli-
cative fitness and, as a result, has been identified only rarely in patients
during SOF therapy and quickly disappears on treatment cessation
(100). In contrast, many variants resistant to NS5A inhibitors are very
fit and compete well with wild-type virus (88,101). As a result, NS5A-
resistant variants are found in 10% to 15% of genotype 1 patients
before drug exposure and persist long after therapy is discontinued in
patients who fail an NS5A inhibitor-containing regimen (8,9).

Strategies to overcome resistance include avoiding DAA mono-
therapy and DAA dose reductions, maximizing adherence, combining
DAAs with nonoverlapping resistance profiles, choosing DAAs with
high barriers to resistance, and combining DAAs with PEG-IFN and
RBV (96). NS5A inhibitors (eg, LDV, OBV), non-nucleoside poly-
merase inhibitors (eg, DSV) and NS3/4A PIs (eg, TVR, BOC, SIM)
have low barriers to resistance (88). However, when potent agents of
multiple classes are combined, on-treatment virological failure is
extremely rare (eg, one patient of 473 treated with PTV/OBV/DSV
plus RBV in the SAPPHIRE-I trial) and post-treatment relapse is very
uncommon (eg, seven of 463 patients in this trial) (15). However, resist-
ance to two or all three classes of drugs has been identified in almost all
patients with virological failure on this combination. LDV-resistant
variants are also uncommon, but present at the time of relapse in most
patients who fail SOF/LDV combination therapy (8,9).

There are no data to support pretreatment resistance testing. In
patients who have failed a DAA-containing regimen, it is reasonable
to assume that resistance to that DAA is present at the time of retreat-
ment. Therefore, a regimen containing DAAs without overlapping
resistance should be selected in this situation. For example, in patients
who have failed TVR or BOC, SOF/LDV combination therapy is very
effective. In the ION-2 trial (9), 159 of 163 patients (98%) with per-
sistent PI resistance at treatment initiation achieved an SVR12 with
this regimen. Although RAVs may return to pretreatment levels after
prolonged duration off therapy, there are no data on treating patients
with PI resistance with a Pl-containing regimen (eg, PTVp/OBV/
DSV). Therefore, this approach should not be adopted, particularly
given the presence of other proven alternatives (ie, SOF/LDV).

NS5A resistance is of slightly more concern because NS5A inhib-
itors are a component of most all-oral regimens (88). In patients with

baseline NS5A resistance, 90% achieved SVR12 with SOF/LDV in
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the ION-1 (8) and ION-3 (10) trials. Although this SVR rate was
slightly lower than in patients without baseline resistance, the differ-
ences were not statistically significant and, therefore, pretreatment
identification of resistance would not change management. Detailed
baseline sequencing was not performed on all patients treated with the
PTVR/OBV/DSV regimen in the phase 3 trials (13-15,75,83); how-
ever, the rates of virological failure were low, suggesting that baseline
NS5A resistance is unlikely to be a major issue. Whether retreatment
of patients with emergent NS5A resistance with an NS5A-inhibitor-
containing regimen will be effective remains to be determined.

DDIs

Before the initiation of any DAA, potential DDIs must be considered,
including those attributable to prescription and over-the-counter
pharmaceuticals and herbal preparations. Identification of potential
interactions requires knowledge of the metabolism of these agents. All
currently available HCV Pls (TVR, BOC, SIM, PTV) are inhibitors
and substrates of Cytochrome P450 3A4 (CYP3A4). Ritonavir, which
is used to increase exposure and allow for once-daily dosing of PTV, is
also an inhibitor and substrate of CYP3A4. Therefore, Pls are contra-
indicated with medications that are potent inducers of CYP3A4/5,
which would reduce plasma concentrations and the therapeutic effect
of the PI, and for those highly dependent on CYP3A4/5 for clearance,
in which elevated plasma concentrations are associated with serious
and/or life-threatening events (ie, a narrow therapeutic index). Other
drug-metabolizing pathways are involved in individual Pl handling
that may affect DDIs. NS5A inhibitors and nucleotide polymerase
inhibitors have fewer known DDIs than Pls; however, before starting
therapy, all concomitant medications should be reviewed. Reference
to an online updated database of DDIs is recommended before starting
therapy (eg, http://www.hep-druginteractions.org).
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Numerous additional antiviral agents are under investigation in vari-

ous stages of clinical development, from phase 1 though premarketing

approval. Promising DAAs include NS3/4A" Pls (eg, asunaprevir,
grazoprevir, sovaprevir, vedroprevir), NS5A inhibitors (eg, daclatasvir,
G8-5816, elbasvir, ACH-3102 and samatasvir), and non-nucleoside
(eg, beclabuvir and GS-9669) and nucleotide NS5B polymerase inhib-
itors (eg, MK-3682 and ACH-3422). As new data regarding these
agents emerge, including their receipt of regulatory approval, these
HCV management guidelines will be updated.
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Structured Abstract:

Background: HCV co-infection occurs in 20-30% of Canadians living with HIV and is
responsible for a heavy burden of morbidity and mortality. HIV-HCV management is
more complex due to the accelerated progression of liver disease, the timing and nature
. of ARV and HCV therapy, mental health and addictions management, socioeconomic 4
obstacles and drug-drug interactions between new HCV direct acting antiviral (DAA)

therapies and ARV regimens.

Purpose: Update national standards for management of HCV-HIV co-infected adults in

the Canadian context.

Methods: A standing working group with specific clinical expertise in HIV-HCV co-
infection was convened by The Canadian Institute of Health Research HIV Trials
Network (CTN) to review recently published HCV antiviral data and update Canadian

HIV-HCV Co-Infection Guidélines.

“Results: Recent data suggest that the gap in SVR rates between HCV mono-infection and
HIV-HCYV co-infection has been eliminated with newer HCV antiviral regimens. All
HIV-HCV co-infected individuals should be assessed for HCV therapy. First line
treatment for genotypes 1-6 includes pegylated interferon and weight-based ribavirin
dosing plus the nucleotide sofosbuvir for 12 weeks. Sofosbuvir in combination with the
protease inhibitor simeprevir for genotype 1 infection is another first line consideration. »
Sofosbuvir with ribavirin for 12 weeks (gendtype 2) and 24 weeks (genotype 3) is also

recommended as first line treatment.

- Discussion: Recommendations may not supersede individual clinical judgement.



Keywords: HIV, HCV, Co-infection, Treatment, Antivirals, Updated Guidelines
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Introduction

Since the publication of the Canadian Co-infection Guidelines in December 2013(1) there
have been substantial developments in the field of hepatitis C (HCV) therapeutic
management. In addition to the presentation of new information regarding dosing and
duration of currently available agents for HCV therapy, two new additional HCV direct-
acting antiviral agents (DAAs) have -been licensed for use in Canada and the United
States. The availability of these agents (sofosbuvir and sirheprevir) has required revised
recommendations for therapy in HCV mono-infected ihdividuals.(Z) Furthermore, it is
anticipated that seve;al interferon-free, oral combination DAA regimens will be approved
by Health Canada within the year.(3-5) Here we review current protocols for the
treatment of HCV in the setting of HIV co-infection and make recommendations for the
use of these newer currently available HCV DAAs. These guidelines will continue to be

updated on a regular basis as new agents become available for use.
Current HCYV therapy in Genotype 1 co-infected patients

The standard of care for genotype 1 HCV-infected individuals since the latter part of
2011 has comprised of triple therapy with pegylated interferon, ribavirin and a HCV
protease inhibith Boceprevir or telaprevir. Published phase III studies with both
boceprevir and telaprevir in HCV mono-infected populations demonstraté markedly
improved SVR rates compared with dual peginterferon plus ribavirin therapy in treatment

' naive, prior relapser, prior partial responder and prior null responder populations.(6-9)

Results from two phase II randomized, comparative studies indicate markedly improved

sustained virologic response (SVR) outcomes with these triple-therapy regimens for HCV



genotype 1 treatment naive patients co-infected with HIV.(10, 11) SVR rates achieved in
these studies now approximate those seen in mono-infected patients (63-74%)), a

-significant advance over those seen in pegylated interferon/ribavirin trials.(12)

Telaprevir-based therapy in co-infection

A randomized, double-blind, clinical trial compared pegylated interferon a-2a and
ribavirin with or without telaprevir in HIV-seropositive, HCV genotype 1-infected
patients not on antiretroviral therapy with CD4 counts above 500 cells/uL (n=13, Part A)
and in patients receiving suppressive antiretroviral therapy (n=24, Paﬁ B).(10) Overall,
74% of patients receiving telaprevir achieved an SVR compared to 45% of those
receiving pegylated interferon and ribavirin. Relapse rates were 3% for those receiving
telaprevir vs. 15% in those receiving pegylated interferon and ribavirin. SVR rates were
vsimilar betweeﬁ those on ART and those who were not. Serious adverse events were seen
in 5% of those receiving 48 weeks of fixed duration pegylated interferon a-2a and
ribavirin (the majority received fixed 800 mg ribavirin dosing with a few subjects
receiving weight-based dosing). Patients were dosed with either 12 weeks of telaprevir
750 mg q8h or an 1125 mg q8h dose was used for patients on efavirenz due to anticipated

drug-drug interactions.

Interim analyses from three additional studies now support the use of telaprevir in
treatment-experienced co-infected patients. These trials demonétrate comparable
outcomes with a twice daily dose of 1125 mg telaprevir in co-infected patients, which has
been previously been shown to be non-inferior to standard q8hr dosing in mono-infected

individuals.(13) In addition, they provide supportive evidence for the use of response-



guided therapy in HCV treatment-naive patients and those with prior relapse. Finally
these new data provide evidence for the use of telaprevir in treatment-experienced

patients, a population not included in the original co-infection trial.

In the UNITE phase 3 open-label study, 182 participants received telaprevir-based |
therapy (dosed twice daily); treatment-naive and prior relapsers receiving response-
guided therapy if rapid virologic response on treatment was demonstrated, while those
without rapid Viroiogic response (RVR — See Table 1 for definitions) as well as prior
partial and null responding patients were offered a fixed 48 week course of therapy.(14)
The SVR12 rates obtained were similar to those seen previously, with 67% of naive
individuals, 68% of prior relapsers and 60% of partial responders achieving SVR. SVR
rates were lower in prior null responder with only 39% achieving SVR12. Overall, 97%
experienced an adverse event during therapy, 13% of which were serious adverse events.
In the INSIGHT open-label trial, 164 partiqipants (98 of whom were treatment-
experienced, including 51 prior null-responders) received standard telaprevir-based

| therapy dosed three times daily (q8hr) in a similar response-guided algorithm.(15)
Complete early virologic response (cEVR;; ) rates were high, with 80% of naive
individuals, 83% of those prior partial response and 57% of null responders achieving

undetectable HCV RNA at week 12 of treatment.(15)

In ANRS HC~26 (n=69, 39% reiapsers, 31% prior partial responders/breakthrough and
30% non-cirrhotic null responderé) participants received a four week lead-in of pegylated
interferon and weight-based ribavirin, 12 weeks of triple therapy with the addition of
"celaprevir, with an additional‘ course of pegylated interferon and ribavirin for a total of 48

or 72 weeks in a response-guided fashion dependent on results of the week 8 (week 4



triple therapy outcome).(16) Patients were inqluded if they had stable CD4 cell counts >
200 cells/uL (CD4% >15%) with suppressed HIV viral load on efavirenz,
atazanavir/ritonavir or raltegravir-based regimens. The METAVIR score was F3 in 16%
and 23% were cirrhotic (F4). Sustained virologic response (SVR24 response — see Table
1) was achieved in 80% of individuals and did not appear to be influenced by the fibrosis
stage (F1-2 83%, F3-4 78%), or previous response type (with EOT achieved by those
with prior relapse 74%, prior breakthrough 83%, partial response 100% and prior null
response 71%), although sample size for these sub-groups was small. Grade 4 adverse
events occurred in 22% of cases, including anemia (10%) and infections (3%). Dose
reduction of pegylated interferon or ribavirin was required in 22% and 43%,
respectively.Sixty-five percent of study participants were administered erythopoietin and

23% required blood transfusion during the extended course of therapy.(17)

Boceprevir-based therapy in co-infection

Boceprevir was evaluated in 98 co-infected patients in a placebo-controlled randomized
trial.(11) All patients were on antiretroviral therapy with stable, HIV suppression.
Antiretroviral regimens allowed in this study consisted of a ritonavir-boosted protease
inhibitor, raltegravir, or maraviroc in conjunction with two nucleoside inhibitors other
than zidovudine, stavudine or didanosine. Most participants were receiving atazanavir,
lopinavir, or darunavir-based regimens. Non-nucleoside reverse transcriptase inhibitor
based regimens were not allowed in this protocol. Only 5 of 98 participants were
cirthotic. All participants received 48 weeks of therapy consistiﬁg of standard four week
lead-in phase with pegylated interferon a-2b and weightébased ribavirin, followed by a

fixed duration of 44 weeks of boceprevir 800 mg q8h or placebo. Overall, an SVR24 was
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achieved in 63% of triple therapy recipients (n=64) versus 29% of pegylated interferon o-
2b and ribavirin treated study participants (n=34).(11) Adverse events were common in
those receiving boceprevir (41% vs. 26%). Despite the successful use of HIV protease

inhibitors in this trial, subsequent pharmacokinetic studies have suggested potential for

significant interactions (See Table 2 — Drug Interactions with HCV DAAs).

In ANRS HC-27, treatment—experienced patients (n=64), received a standard lead-in
phase followed by 44 weeks of triple therapy With boceprevir.(18) Individuals with
cirrhosis and prior null response to pegylated interferon and ribavirin were excluded.
Those without a week 8 RVR completed an additional 24 weeks (total 72 weeks) of
pegylated interfefon with ribavirin. The overall SVR12 rate was 53%, with SVR rates of
90% 1 prior relapsers, 61% in those with pértial response and 24% in null responders. In
this trial there was an apparent difference in outcome based on underlying ART regimen,
with a 41% SVR rate in those receiving atazanavir/ritonavir compared to 70% in those

receiving raltegravir.(19)
Conclusion

These results demonstrate that response rates for treatment naive patients is improved
with pegylated interferon, ribavirin and an HCV protease inhibitor compared to SVR
rates achieved with pegylated interferon/ribavirin alone. SVR rates approximate those
seen in mono-infection with reduced SVR rates observed in those with more advanced
disease. In addition, the encouraging interim findings suggest that treatment-experienced
co-infected patients will achieve SVR outcomes similar to those seen in mono-infected

trials, with highest SVR rates in prior relapsers (higher than treatment naive patients),



Y

intermediate SVR rates in prior partial responders and the lowest SVR rates in prior null
responders. Adverse events, particularly anemia, were common but similar in
characteristic and rate to that of HCV mono-infected treatment recipients. These results

. highlight the need for improved therapeutic options for all HCV-infected individuals with

advanced disease or prior treatment failure.
Next Generation DAAs: simeprevir and sofosbuvir

Two new DAAs have recently been approved in Canada and the United States for the
treatment of HCV; the NS3/4A protease inhibitor simeprevir, and the novel uridine
nucleotide NS5B RNA-dependent RNA polymerase inhibitor sofosbuvir. These agents
offer marked improvement over current therapies, as they have much improved side
effect profiles, fewer drug interactions, reduced pill burden and in the case of sofosbuvir,
offer pan-genotypic coverage with the potential for interferon-free based therapy for all
genotypes. As such, they have superseded the use of both telaprevir and boceprevir in

current treatment recommendations in the United States.(20)

Simeprevir

Simeprevir is a second-wave NS3/4A protease inhibitor, which offers a number qf
advantages over boceprevir and telaprevir. The recommended dose in adults With
genotype 1 infection is 150 mg once daily with food. Food delays the absorption of
simeprevir, increasing the time to reach maximum plasma concentration by 1 to 1.5
hours, and increases the exposure of simeprevir by approximately 60%. Simeprevir is
available as a 150 mg capsule, allowing for a signiﬁcant reduction in pill burden

compared to its predecessors in this class. Simeprevir is a substrate of CYP3A4, and a



mild inhibitor of intestinal (but not hepatic) CYP3A4, 1A2, ‘P-glycoprotein (P-gp) and
Organic anion transporting polypeptides (OATP) 1B1 (20). Simeprevir has no clinically
relevant effects on CYP2C9, 2C19 and 2D6.(20) Due to these characteristics, simeprevir
is primarily the subject, rather than a perpetrator of pharmacokinetic drug-drug -
interactions. Co-administration of simeprevir with moderate-strong inducers or inhibitors
of CYP3A4 is not recommended due to the potential for significant alterations in
simeprevir plasma concentrations. Clinically, this restricts antiretroviral choices for
HIV/HCV co-infected patients, as regimens including‘ritonavir or cobicistat as a booster
or the NNRTIs efavirenz, etravirine and nevirapine should not be used [Table 2,3].
Simiiarly, other inducing/inhibiting agents such as anticonvulsants, rifamycins,
dexamethasone, azole antifungals and macrolides shouid be avoided with simeprevir. In
the transplant population, simeprevir niay be preferred over telaprevir or boceprevir due

to the absence of drug interactions with tacrolimus and cyclosporine.(21)

Use of simeprevir in conjunction with pegylated interferon and ribavirin has been shown
to achieve similar improvement in SVR rates in phase II studies, in both naive and
experienced HCV mono-infected patients.(22, 23) Simeprevir used in a response-guided
protocol has been assessed in three large phase III clinical trials in HCV monoinfected
treatment naive individuals (QUEST-1, QUEST-2) and prior relapsers (PROMISE).(24-
26) In these trials, simeprevir 150 mg daily for the initial 12 weeks of triple therapy with
response-guided pegylated interferon/ribaviriﬂ for 24 or 48 weeks resulted in SVR12
rates of 80-81% in naive individuals compared to 50% for those receiving pegylated
interferon/ribavirin alone. Overall, amongst naive individuals, the majority (80% in

QUEST-1 and 91% in QUEST-2) met criteria for response-guided therapy (i.e. 24 weeks
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total), based on a HCV PCR <25 IU/mL at week 4 with undetectable HCV RNA at week
12. Response rates amongst th0s¢ wh;) met these criteria were high at 86-91%. Prior
relapsers showed similar benefit with 79% of those treated with simeprevir achieving
SVR12 compared to 37% in the control arm.(26) The majority of individuals (92.7%)

were eligible for response-guided therapy and of those 83% achieved SVR12.

Data in treatment-experienced HCV mono-infected patients is derived from the Phase 2
ASPIRE trial(23) wherein those individuals who received 48 weeks of pegylated
intérferon and ribavirin had SVR24 rates of 88% in prior relapsers, 86% in prior non-
responders and 58% in prior null responders. Recently, the results of the phase 3
ATTAIN trial, the; only head-to-head randomized trial of two HCV protease inhibitors,
showed comparable SVR rates with 12 weeks of simeprevir vs. 12 weeks of telaprevir,
each given with 48 weeks of pegylated interferon alfa-2a for 48 weeks in patients with
HCV genotype 1 infection who were partial or null responders to prior dual therapy with
peginterferon plus ribavirin.(27) Specifically, SVR12 rates were 70% and 44% in partial
and nuH responders, respectively, treated with simeprevir versus 69% and 46%,
respectively, in those treated with telaprevir. There was a lower incidence of anemia and

fewer discontinuations for adverse events in simeprevir recipients.

The side effect profile for individuals receiving simeprevir was similar to those on
pegylated interferon and ribavirin, with no significant additional toxicities identified. A
naturally occuﬁing ‘HCV NS3 polymorphism — the Q80K mutation was associated with
reduced SVR rates in genotype 1a patients. This polymorphism occurs in about 45% of
North Americans with genotype 1a(28) but only ~18% of Europeans.(29) In the QUEST-

1 study those with this mutation had no better response rate with the addition of
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simeprevir compared to those in the pegylated interferon/ribavirin arm.(24) Screening at

baseline for this mutation in genotype la is recommended.
Data in co-infected patients

Simeprevir has been evaluated in treatment naive and experienced HIV co-infected
patients.(30) In the C212 open-label phase III study, 106 individuals received either
response-guided therapy for naive/relapsers (n=64) or standard 12 weeks of triple therapy
followed by 36 weeks of pegylated interferon/riba\/.irin in treatment-experienced patients
or those with underlying cirrhosis. Due to potential drug interactioné, ART regimens
were limited to raltegravir, maraviroc or rilpivirine, with either tenofovir/emtricitabine or
abacavir/lamivudine. Overall SVR12 rates were achieved in 79% of naive individuals,
87% of prior relapsers, 70% of prior partial responders gnd 57% of null responders.
Response rates were reduced in those with cirrhosis (64%) vs. non-cirrhotics (80%) and

side effect profile was similar to what is expected with peginterferon plus ribavirin alone.

Sofosbuvir

Sofosbuvir is a nucléotide pro-drug that undergoes intracellular metabolism to form the
pharmacologically active uridine analog triphosphafe, GS-461203 which is incorporated
into HCV RNA by the NS5B polymerase and acts as a chain terminator. Sofosbuvir is
available as a 400 mg tablet. The approved dose in adults is 400 mg once daily taken
without regard to food. After oral administration, sofosbuvir is rapidly converted to the
predominant circulating metabolite GS-331007. Sofosbuvir and GS-331007 do not inhibit
any CYP450 1soenzymes or UGT1A1. Sofosbuvir is a P-gp substrate and breast cancer

resistance protein (BCRP) substrate whereas GS-331007 is not. Sofosbuvir should not be
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coadministered with potent P-gp inducers such as rifampin or St. John’s wort.(31)
Significant interactions have not been demonstrated or are not expected between

sofosbuvir and antiretrovirals.

Sofosbuvir has been widely evaluated in HCV mono-infected individuals. In the phase III
NEUTRINO study, 291 genotype 1-infected treatment naive individuals received 12 -
‘weeks of triple therapy with sofosbuvir 400 mg daily in conjunctioh with pegylated
interferon and ribavirin.(32) Overall SVR12 rates were achieved in 89% of individuals,
with lower rates seen in those with cirrhosis than in those without (80% vs. 92%). Side
effects appear to be driven predominantly by the receipt of pegylated interferon/ribavirin,
but a control group for definitive comparison was not built into the study design. In
addition, use of sofosbuvir with ribavirin alone has been evaluated for interferon-
ineligible patients with genotype 1 infection. In a small (n=60) phase II study, sofosbuvir
with weight-based ribavirin for 24 weeks achieved an SVR24 rate of 68% in individuals
deemed to be interferon-ineligible.(33) A relatively high rate of relapse (54%) Was seen
in those with more advanced disease. Other small trials (ELECTRON, QUANTUM
trials) of this interferon-sparing strategy have found SVR rates ranging from 50%-

84%.(34, 35)

Limited data exist for treatment-experienced patients. However, given the response seen
in individuals with characteristics that would normally be considered unfavourable for
response to pegylated interferon and ribavirin, modelling conducted during the approval
of sofosbﬁvir by the United States Food and Drug Administration (FDA) predicts an

approximate 78% response in treatment-experienced patients.(36)
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Genotypes 2 and 3 HCV Mono-Infection

Sofosbuvir has also been evaluated for use in genotypes 2 and 3 in an initial large non-
inferiority comparison to standard pegylated interferqn/ribavirin.(32) In the FISSION
trial, 499 treatment naive individuals were randomized to 12 weeks of therapy with
sofosbuvir/ribavirin or 24 weeks of pegylated interferon/ribavirin. Individuals with
genotype 2 infection had exceptional SVR rates of 97% with sofosbuvir/ ribavirin vs.
76% with pegylated interferon/ribavirin, while those with genotype 3 achieved similar
SVR rates to pegylated interferon/ribavirin (56% vs. 63%). Cirrhosis markedly reduced
SVR rates for genotype 3 individuals to approximately 30% in both arms. Similar SVR
rates were seen in the POSITRON trial in interferon-ineligible patients.(37) In the phase
IIT VALENCE study, improved SVR rates were seen in genotype 3 treatment naive
individuals who received 24 weeks of sofosbﬁvir/ribavirin with SVR rates 94%, with the

sub-group of cirrhotic patients achieving SVR of 90%.(38)

Sofosbuvir has élso been evaluated in treatment-experienced genotype 2 and 3 patients.
In the FUSION trial, individuals were randomized to receive 12 or 16 weeks of therapy
with sofosbuvir and ribavirin. Those with genotype 2 achieved an SVR rate of 86% after
12 weeks and 94% after 16 weeks. SVR rates were much lower for gen_otsrpe 3, with an
SVR rate of 30% in those receiving 12 weeks vs. 62% in those who received 16 weeks of
therapy. (37) In the VALENCE study, treatment-experienced genotype 2 patients
experienced similar high rates of response (91%) after 12 weeks of therapy of dual
therapy. Treatment-experienced patients with genotype 3 treated with 24 weeks of
sofosbuvir and ribavirin achieved an SVR of 87% in those without cirrhosis,‘ and only

60% in those with cirrhosis.(39) In the LONESTAR-2 phase II trial, the addition of
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pegylated interferon to a 12 week course of sofosbuvir/ribavirin resulted in SVR rates of

83% for genotype 3, with or without cirrhosis.(40)
Data in HIV-HCV co-infected patients

Sofosbuvir was evaluated in HIV co-infected patients in the phase II Study 1910 trial.(41)
In this open-label study, 23 co-infected treatment-naive individuals received sofosbuvir
400 mg daily in conjunction with pegylated interferon and weight-based ribavirin for 12
weeks. Individuals were predominantly genotype-1 infected, with two individuals with
genotype 3, and a single individual with genotype 2 and 4 respectively were also

enrolled. The ART regimens included efavirenz, rilpivirine, raltegravir and the boosted
protease inhibitors atazanavir and darunavir. Overall, the SVR12 was 91%. Side effects

were predominantly those of pegylated interferon and ribavirin.

In ihe Phase IIl PHOTON-1 study, three cohorts of co-infected patients (genotype 1
treatment naive patients n=114, genotype 2 (n=28) and 3 (n= 42) naive patients, and
genotypes 2/3 treatment-experienced patients (n=41) were enrolled to receive either 12
weeks or 24 weeks (génotype 1 and treatment-experienced patients) of sofosbuvir with
ribavirin.(42) Individuals could be on a wide range of ART regimens due to the lack of
drug interactions, or naive to ART if baseline CD4 cell count was > 500 cells/mm’. The
majority of those enrolled were on ART, receiving predominantly efavirenz, atazanavir
or darunavir-based regimens. The SVR24 rate was 75% for genotype 1 participants, 88%
for genotype 2, and 67% for genbtype 3 patients. Amongst treatment-experienced

patients, SVR24 was attained by 92% of genotype 2 and 88% of genotype 3 individuals.
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Overall, the regimen was well tolerated, with more adverse events related to

sofosbuvir/ribavirin seen in those receiving a 24-week course of therapy.
DAA combination regimens of currently approved agents

Proof of concept studies of interferon-free and ribavirin-sparing combinations of potent
DAA agents have rapidly advanced the potential for simple, potent and well-tolerated |
therapies for HCV.(43-45) Further evaluation of combination DAA therapy has
demonstrated potential therapy in patients with advanced disease, in prior null responders
and as salvage therapy in patients previously non-responsive to telaprevir and boceprevir-
base‘d therapy.(3, 46, 47) In the COSMOS study, HCV mono-infected, treatment naive
and prior null responders with HCV genotype 1 mono-infection, received once daily
simeprevir and sofosbuvir, with or without ribavirin for either 12 or 24 weeks.(46) In the
first cohort of 80 null responders with METAVIR FO-F2 disease; SVR12 rates with dual

_ therapy were high at 92-93% after 12 or 24 weeks of therapy, and the addition of
ribavirin was not clearly associated with improvement in SVR rates.(48) For the second
cohort of 87 naive and null responders with F3-F4 disease, SVR12 rates were 93% with
12 weeks of therapy and 96% with 24 weeks of thérapy.(49) The addition of ribavirin did
not increase SVR rates but did result in some cases of anemia.(4) On the basis of the
COSMOS data, two phase 3 studies, will evaluate 8 vs. 12 weeks of sofosbuvir plus
simeprevir in non cirrhotics (OPTIMIST—I) and 12 weeks in cirrhbtics (OPTIMIST-2) in
HCYV genotype 1 mono-infected treatment naive patients.(50) Ribavirin will not be
included in the phase 3 studies. At present, no data exist for this combination in co-

infected individuals.
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Future DAA combinations

Interferon-free, combination DAA regimens have been or soon will be approved by
regulatory agencies, including Health Canada. We anticipate that the regimens mentioned
below will rapidly be identified as first line therapies for HCV. However, as HIV-HCV
co-infection specific clinic trials evaluating these new regimens have yet to be published,
fhey have not been included in this current iteration of the CIHR CTN HIV-HCV co-

infection guidelines.

The combination of sofosbuvir with a NS5A replication inhibitor is particularly
promising. This was first demonstrated in a phase 2 study with the NS5A inhibitor
daclétasvir, with SVR rates of 98% in genotype 1, 92% in genotype 2 and 39% in
genotype 3.(51) Moreover, the combination of sofosbuvir plus daclatasvir resulted in
SVRs in 100% of 41 patients who previously failed triple therapy with peginterferon,

ribavirin and either telaprevir or boceprevir.

Very recently, three phase 3 trials of the fixed-dose combination of sofosbuvir with the
NS5A inhibitor ledipasvir, with and without ribavirin for 8 or 12 weeks in patients with
HCV genotype 1 mono-infection demonstrated SVR rates of 93 to 99%, including
cheprevir or telaprevir treatment experienced patients and those with cirrhosis.(4, 52)
The addition of ribavirin did not increase SVR rates. A New Drug Application (NDA) for
sofosbuvir-ledipasvir was filed with the US FDA on February 10, 2014 and received
approval in the United States and Canada in October 2014.(53) The combination of |
sofosbuvir/ledipasvir for 12 weeks is currently under study in HIV/HCV co-infected

patients in the ION-4 protocol.
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The combination of 3 DAAs, specifically the NS3 prptease inhibitor ABT-450 boosted
by the CYP3 A4 inhibitor ritonavir, the NS5A inhibitor ombitasvir and the NS5B non
nucleoside polymerase inhibitor dasabuvir, with ribavirin given for 12 weeks results in
SVR rates of 93 to 99% in HCV genotype-1 mono-infected patients, including treatment
experienced patients and those with cirrhosis.(5, 54, 55) It appears that ribavirin can be

omitted in genotype 1b, but is needed in genotype 1a.(56) A new drug application (NDA)
| for this regimen was filed with the FDA on April 22, 2014.(57) This regimen is currently
under evaluation in the HCV/HIV co-infected patients (TURQUOISE I study). However,
the presence of multiple CYP3A4 metabolized medications, including fitonavir, may
limit antiretroviral treatment options in HIV co-infected patients considered for this

regimen.

Summary

Taken together, these clinical trial results indicate a significant paradigm shift in the
management of HCV mono and ‘co-infection is imminent, pending re.gulatory approvals
and eventual addition to provincial formularies. Recent data suggest that the gap in SVR
rates between HCV mono-infection and HIV-HCV co-infection has been eliminated with
newer HCV antiviral regimens. The “real-world” uptake and efficacy of these agents in_
vulnerable populations will be impor';ant to assess their impact on the burden‘ of HCV

disease and sequelae.(1)

18



67

Recommendations for Therapy

1. Genotype 1 Treatment-Naive Individuals without Cirrhosis

First Line:

Alternative:

Alternative:

Sofosbuvir 400 mg daily with pegylated interferon and weight-based
ribavirin for 12 weeks of therapy. This combination offers short duration of
therapy with high SVR rate with no concerns regarding ART drug
interactions, and no additional side effects beyond that of pegylated
interferon and ribavirin. (Class 1, Level B) (see Appendix for level of
evidence criteria)
Sofosbuvir 400 mg daily with simeprevir 150 mg daily. This regimen has
not been evaluated in co-infection. However, based on the SVR rates
achieved in other traditionally ‘hard-to-cure’ populations (i.e. treatment-
experienced individuals with cirrhosis), this combination can be considered
preferable where available. (Class 1, Level C)
Therapy for interferon—eligible patients would consist of response-guided
therapy ;7vith simeprevir 150 mg daily with pegylated interferon and weight-
based ribavirin. (Class 1, Level B)
a) Genotype la strains must undergo Q80K polymorphism testing prior to
use of this regimen, and an alternative DAA should be chosen if Q80K

is present.

'b) Response-guided therapy with treatment discontinuation at week 24 can

be offered if week 4 RNA < 25 ITU/mL is attained, but should not be
used in individuals with underlying cirrhosis in whom a full 48 week

course of pegylated interferon and ribavirin is advised.
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c) Drug interactions with ART must be considered with use of simeprevir.
Alternative: Interferon-ineligible individuals can be considered for 24 weeks of
sofosbuvir 400 mg daily and weight-based ribavirin. Given the decreased
SVR rates seen with this combination, and limited information in those with
cirrhosis, deferral of therapy for future combination DAA regimens should

be considered. (Class 1, Level B)
2. Genotype 1 Treatment Naive Individuals with Cirrhosis

First Line: Sofosbuvir 400 mg daily pegylated interferon and ribavirin for 12 weeks.
Patients must not have decompensated cirrhosis to receive interferon. (Class
1, Level B)

Alternative: Sofosbuvir 400 mg daily with simeprevir 150 mg daily for 12 weeks. This
regimen has not been evaluated in co-infection. However, based on the SVR
rates achieved in other traditionally ‘hard-to-cure’ pépulations (i.e.
treatment-experienced individuals with cirrhosis), this combination can be
considered preferable where available. (Class 1, Level C)

Alternative: Simeprevir 150 mg daily for 12 weeks with pegylated interferon and
ribavirin for 48 weeks (assuming genotype 1a recipient is Q80K negative).

(Class 1, Level B)

3. Genotype 1 Treatment-Experienced Patients with Prior Relapse (with or without

cirrhosis)

See recommendations for Genotype 1 treatment-naive individuals with or without

cirrhosis as above. Retreatment with pegylated interferon, ribavirin and simeprevir is not

20



recommended in prior relapsers, partial or null responders to other protease inhibitor

(boceprevir,telaprevir)-based regimens. (Class 1, Level B)

. Genotype 1 Treatment-Experienced Patients - Prior Non-Responders or Null

Responders (with or without cirrhosis)

First Line: Sofosbuvir 400 mg daily with simeprevir 150 mg daily for 12 weeks (NB-

based on HCV mono-infection studies). (Class 1, Level C)
Or

First Line: Sofosbuvir 400 mg daily with pegylated interferon and weight-based
ribavirin for 12-24 weeks. (Class 1, Level C)

Alternative: Simeprevir 150 mg daily for 12 wéeks with 48 weeks of pegylated
interferon and weight-based ribavirin (except in genotype l1a with Q80K).
Response-guided therapy is recommended for non-cirrhotic patients with
prior relapse, whereas 48 weeks is recommended in prior partial or null

responders, with or without cirrhosis. (Class 1, Level B)
. Genotype 2 Treatment Naive Patient

First Line: Sofosbuvir 400 mg daily with weight-based ribavirin for 12 weeks. (Class 1,

Level B)
. Genotype 2 Treatment-Experienced Patient

First Line: Sofosbuvir 400 mg daily with ribavirin for 24 weeks. (Class 1, Level B)
Alternative: Sofosbuvir 400 mg daily with pegylated interferon and ribavirin for 12

weeks. (Class 1, Level C)
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Recommendations for treatment-experienced co-infections are based on expert
recommendation, utilizing data from a single trial in co-infection and data from other

hard-to-cure mono-infected populations.
7. Genotype 3 Treatment-Naive Patient

First Line: Sofosbuvir 400mg daily with pegylated interferon and ribavirin for 12 weeks,
particularly if compensated cirrhosis is present and interferon is nof contra-
indicated. (Class 1, Level C)
OR
First Line: Sofosbuvir 400 mg daily with ribavirin for 24 weeks if interferon contra-

indicated or patient considered interferon-ineligible. (Class 1, Level B)
8. Genotype 3 Treatment-Experienced Patient

First Line: Sofosbuvir 400 mg daily with pegylated interferon and ribavirin for 12

weeks. (Class 1, Level C)

Alternative: Sofosbuvir 400mg daily with ribavirin for 24 weeks if interferon

ineligible or intolerant (Class 1, Level B)

!

9. Genotype 4 Treatment-Naive and Experienced

First Line: Sofosbuvir 400 mg daily with pegylated interferon and ribavirin for 12
weeks. (NB- based on HCV mono-infection studies) (Class 1, Level C)
There is currently insufficient data in HIV-HCV co-infection with genotype 4-6 to

comment on the efficacy of sofosbuvir-simeprevir. Likewise, there is currently
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insufficient data in HIV-HCV co-infection with genotype 5-6 to comment on the efficacy

of sofosbuvir with pegylated interferon and ribavirin.
Regimens no longer recommended for first line use:

1. Telaprevir and boceprevir are no longer recommended for first line use given the
improved safety and tolefability profiles of the new DAA agents.

2. Pegylated interferon and ribavirin as dual therapy for genotype 2/3 individuals.

Circumstances may exist in which first line regimens are not accessible to patients (e.g.
restricted funding). The above second line regimens could be considered as treatment
options. However, the patient must be fully aware of the diminished likelihood for cure

and/or increased likelihood for adverse events compared to first line regimens.
Timing of initiation of HCV therapy in the era of DAAs

At this time it is unclear whether access to newer agents will be standard across the
country, and/or which, if any, additional criteria may be imposed by individual
provinces/payers to limit access to DAASs given the anticipated costs of these agents.
Recommendations for use of newer DAA agents/combinations is based primarily on a
review of the currently available data evaluating efficacy and safety in mono-infected and

co-infected patients.

Access to appropriate therapy when clinically indicated has long been recommended in
Canada by experts involved in the care of patients living with HCV(58) and we would
continue to advocate for such an approach for co-infected patients. The authors recognize

that due to potential restrictions to access and reimbursement of newer drugs/regimens
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for HCV, clinicians and patients may face difficult decisions regarding therapy. In this

situation alternate options may be considered.
a. Deferral of therapy

Individuals with early fibrosis may be able to defer therapy compared to those with
more advanced disease, as they have lower risk of medium-term progression of
disease. These individuals may be able to wait for future combinations and potentially
improved access to interferon-free based combinations. If deferral of therapy is
considered, updated staging for fibrosis pfogression is recommended on an annual
basis if access to transient elastography is possible, or every 3 years if liver biopsy is
to be performed. The clinician must also consider that for dual therapy with pegylated
interferon plus ribavirin and triple therapy with pegylated interferon plus one DAA,
-SVR rates are highest at early fibrosis stages (<F3) and decrease with advancing

disease.

Additional considerations of patient readiness, and consideration of possible onward
HCV transmission risk for individuals in a core transmitter group (IDU and certain
MSM popUlationS) compared to those without high risk for transmission [e.g. many
baby boomers (born between approximately 1945-1970)] may influence a decision to

consider delaying therapy.
b. Utilization of non-preferred regimens

For cost/access reasons, it may be necessary to use older therapies for HCV with a higher

incidence of adverse effects and lower SVR rates in some patients. In all such cases,
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patients should be made aware of the existence of newer improved therapies and given

the option of potentially paying for them, if they so choose.
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Table 1. Virologic response definitions while on HCV therapy
Definition Time Point HCV RNA level Comment
High positive predictive value
RVR Week 4 Undetectable
for SVR
Undetectable: Complete EVR
Detectable: Partial EVR Lack of EVR has very high
EVR Week 12 >2 logyo drop from baseline | (>98%) negative predictive
Detectable: Null Responder value for SVR.
<2 logyo drop from baseline
High positive predictive value
eRVR Week 4, 12 Undetectable for SVR with telaprevir-and
simeprevir based triple therapy
‘ _ Treatment failure (pEVR +
Partial EVR at week 12 with
Partial week 24 HCV RNA
Week 12+ no subsequent negative HCV
Response detectable, has 100% NPV for
RNA test
SVR)
treatment completion
EOT
(number of weeks, Undetectable
Response I _
varies by regimen)
_ Treatment Failure (relapse >
any time after EOT
12 weeks after EOT suggests
(usually checked 12 Undetectable at EQT,
Relapser possibility of re-infection;
or 24 weeks after Detectable after EOT
viral sequencing should be
EOT)
considered)
Predicts SVR24 in mono-
SVR 12 Week 60 Undetectable
infected patients
SVR 24 Week 72 Undetectable Treatment Success

RVR: rapid virologic response; SVR: sustained virologic response; EVR: early virologic

response; eRVR: extended rapid virologic response; pEVR: partial early virologic response;

NPV: negative predictive value ; EOT: end of treatment



Table 2. Drug-drug interactions between antiretroviral agents and directly acting
antivirals for hepatitis C

Boceprevir Telaprevir Simeprevir Sofosbuvir

1125mg q12h with food

Dose 800 mg q8h with food (not low fat)

150 mg daily with food 400 mg daily

Integrase Inhibitors

Co-administration has Co-administration has
not been studied but no | not been studied but no
Dolutegravir expected clinically expected clinically
significant drug significant drug

interaction interaction

Co-administration has

not been studied but co- o
Co-administration has
administration could )
) not been studied but no
BIilga potentially lead to

expected clinically
cobicistat reduced drug

) significant drug
concentrations of both . .
interaction
boceprevir and

clvitegravir/cobicistat

in either drug.

Raltegravir

ad]

Non-Nucleoside Reverse Transcriptase Inhibitors

| 47% | Cmin of

telaprevir; 1 telaprevir

B dose to 1125 mg q8h
with efavirenz(69, 70) | adjustmen
29% | Cmin, 23% | Co-administration has
AUC of etravirine. not been studied but no
Etravirine Use combination with expected clinically

caution, particularly if significant drug

coadministering with interaction
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Boceprevir Telaprevir Simeprevir Sofosbuvir

other medications which
may further decrease

etravirine concentrations

(71)

Rilpivirine

Protease Inhibitors

No expected clinically
Atazanavir/

k . significant drug
ritonavir

| interaction

Darunavir/
ritonavir

Co-administration has

not been studied but no

Fosamprenavir/

; : | expected clinically
ritonavir

significant drug

| interaction

Lopinavir/

; ) Co-administration has
ritonavir
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Boceprevir

CCRS Antagonist

Telaprevir

Simeprevir

Sofosbuvir

not been studied but no
expected clinically
significant drug

interaction

Maraviroc

Maraviroc AUC 1
202%, Cmax 1 233%

and Ctrough 1 178% vs.

maraviroc 150 mg BID
alone. Reduce
maraviroc dose to 150
mg BID when
coadministering with

boceprevir.(77, 78)

Maraviroc AUC 1
849%, Cmax 1 681%

and Ctrough 1 917% vs.

maraviroc 150 mg BID
alone. Reduce
maraviroc dose to 150
mg BID when
coadministering with

telaprevir.(77)

No expected clinically
significant drug

interaction

Co-administration has
not been studied but no
expected clinically
significant drug

interaction

Key: .= avoid combination

l:l = caution/dose adjustment

| = combination OK

Q8H: every 8 hours; po: orally; Cmin: concentration minimum; AUC: area under the curve; Cmax:

concentration maximum; Ctrough: concentration trough; BID: twice a day
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Table 3. Summary of Antiretroviral Regimen Recommendations for Patients Who Require

Concomitant HIV and Hepatitis C Treatment.

Alternative

Recommended NOT Recommended
Sofosbuvir | No restrictions on No restrictions on
40 . . . . . .
dgig/lg antiretroviral choices. antiretroviral choices.
Ritonavir- or cobicistat-
Simeprevir . - .
Dolutegravir, raltegravir, or -boosted regiments;
150 mg & ’ gravit, S g ’
daily with | rilpivirine-based regimens. efavirenz, etravirine,
food .
nevirapine
o ) Other Protease Inhibitor-
Tel .| Atazanavir/ritonavir, ) o ) ) ) )
claprevir . . ) Efavirenz (with increase in | based regimens, including:
1125mg | dolutegravir, elvitegravir, ) o )
BID with ) o telaprevir dose to 1125 mg | Darunavir/ritonavir,
raltegravir, or rilpivirine- ' o o )
food (not ) q8h), etravirine. fosamprenavir/ritonavir,
low fat) based regimens. o o _
lopinavir/ritonavir.
Protease Inhibitor based
regimens including:
Atazanavir/ritonavir,
Boceprevir ) ) darunavir/ritonavir,
h Dolutegravir, raltegravir, or R )
800 mg 8h | ) lopinavir/ritonavir,
with food | rilpivirine-based regimens.

Other NNRTI-based
regimens including:
efavirenz, etravirine,

nevirapine

BID: twice daily; Q8h: every 8 hours

NNRTI: non-nucleoside reverse transcriptase inhibitors
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Appendix

Table Grading system for recommendations

Classification Description

Class of Evidence

Conditions for which there is evidence and/or general agreement that a

Class 1 given diagnostic evaluation procedure or treatment is beneficial , useful and
effective
Conditions for which there is conflicting evidence and/or a divergence of
Class 2 opinion about the usefulness/efficacy of a diagnostic evaluation, procedure

or treatment

Class 2a | Weight of evidence/opinion is in favour of usefulness/efficacy

Class 2b Usefulness /efficacy is less well established by evidence/opinion
Conditions for which there is evidence and/or general agreement that a
Class 3 diagnostic evaluation, procedure/treatment is not useful/effective and in
some cases may be harmful

Grade of Evidence

Level A Data derives from multiple randomized clinical trials or meta-analyses
Level B Data derived from a single randomized trial, or nonrandomized studies
Level C Only consensus opinions of experts, case studies, or standard-of-care.

Adapted from (38, 79, 80)
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