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ABSTRACT

Hepatitis C virus (HCV) and human immun-
odeficiency virus (HIV) co-infection among
persons who inject drugs (PWID) is a major
public health concern. There are limited data in
clinical trials on the use of direct-acting antivi-
ral (DAA) therapy for treatment of HCV in co-
infected PWID. It is critical for these patients to
gain access to treatment in order to decrease
progression of liver disease and decrease trans-
mission of both HIV and HCV. Additional harm
reduction interventions, including needle and
syringe programs and opioid substitution treat-
ment, should be made available to this vulner-
able population. Despite the importance of DAA
treatment, the cost of DAA therapy and access
to medical care is still a barrier to appropriate
therapy. The purpose of this review is to present
available data on the use of DAAs in co-infected
PWID, review guideline recommendations for
treatment and retreatment of HCV in co-in-
tected PWID, provide cost considerations for
DAA therapy, and provide recommendations
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about caring for patients who continue to inject
drugs.
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BACKGROUND

A recent study estimated there were 15.6 mil-
lion persons who inject drugs (PWID) globally
[1]. It was also estimated that 52.3% (8.2 million
people) of current PWID have been exposed to
hepatitis C virus (HCV), while 17.8% (2.8 mil-
lion people) of PWID are living with human
immunodeficiency virus (HIV). Due to the
overlapping routes of parenteral transmission,
HIV and HCV infections are a major global
public health concern. There were an estimated
2.3 million cases of HIV/HCV co-infection in
individuals globally, of which 1.4 million (59%)
were also PWID [2]. Eastern Europe and Central
Asia have the greatest burden due to the large
HIV-infected PWID population of 688,100, of
which an estimated 83% (567,700 people) of
PWID were co-infected with HIV/HCV. North
America has an estimated 187,000 patients liv-
ing with HIV (PLWH) who were also PWID. Of
these, 153,300 PWID were co-infected with
HIV/HCV. Additionally, there is evidence to
support that, in high-income countries, PWID
were the main risk group for HCV transmission,
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contributing to more than 90% of new infec-
tions in settings such as the United Kingdom
(UK) [3].

International guidelines recommend priori-
tizing treatment in individuals at risk of trans-
mitting HCV [4]. Unfortunately, a large number
of HIV/HCV co-infected PWID remain
untreated for HCV [5, 6]. Identifying the barri-
ers that hinder the implementation of treat-
ment in PWID is crucial to the success of
therapy. Importantly, evidence supports the
effectiveness of harm reduction interventions,
such as needle and syringe programs (NSP) and
opioid substitution treatment (OST), in reduc-
ing HIV transmission and HCV and HIV inci-
dence [7]. Therefore, it is imperative to identify
a treatment system that provides an opportu-
nity for PWID to obtain treatment in order to
prevent HIV and HCV transmission and reduce
long-term morbidity in PWID. The information
in this paper is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

GUIDELINE GUIDANCE

The American Association for the Study of Liver
Diseases (AASLD) and the European Association
for the Study of the Liver (EASL) do not have
specific treatment recommendations in PWID
and are co-infected with HIV/HCYV [4, 8]. Direct-
acting antiviral (DAA) therapy continues to be
the mainstay of therapy for HCV therapy with
or without HIV, yet limited studies exist in
PWID. Similar to HCV-monoinfected patients,
cure rates are comparable around 95% sustained
virologic response (SVR). However, many stud-
ies exclude PWID due to concerns regarding
medication and protocol adherence. Active or
recent drug use should not be considered a
contraindication to HCV therapy, as the DAAs
are safe and effective with a reduced length of
treatment when compared to interferon-based
management. Both guidelines recommend the
use of sofosbuvir/velpatasvir or glecaprevir/pi-
brentasvir to provide pan-genotypic coverage
against HCV genotypes 1-6 and can be used in
patients who are co-infected. The use of other

DAAs can be considered in this population as
long as drug interaction potential is considered
in the presence of antiretroviral therapy as well
as opioid substitution therapy.

HCV MEDICATION TRIALS
IN PEOPLE WITH HIV/HCV CO-
INFECTION

The United States (US) Food and Drug Admin-
istration (FDA) had approved ledipasvir/sofos-
buvir, glecaprevir/pibrentasvir, sofosbuvir/
velpatasvir, and grazoprevir/elbasvir as single-
tablet DAAs which have been shown to be safe
and effective for use in patients co-infected with
HIV/HCV. Clinical trials supporting the use of
these single-tablet DAAs as treatment in the
HIV/HCV co-infected population are repre-
sented in Table 1 with rates of SVR ranging from
95 to 100%, yet specific data in PWID is not
reported [9-14]. Each clinical trial included
patients co-infected with HIV/HCV, both on
and off antiretroviral therapy (ART) at the time
of screening visit, and addressed the handling of
data from PWID. ENDURANCE-1 and EXPEDI-
TION-2 both included PWID in the final anal-
ysis, and overall rates of SVR for the entire study
populations were 100% and 98%, respectively
[9, 10]. In ENDURANCE-1, 28% of the total
study population reported injection drug use
(IDU), while in EXPEDITION-2, 6-9% of total
study population reported IDU within
12 months of screening and 45-63% reported
IDU more than 12 months prior to screening.
The National Institute of Allergy and Infectious
Diseases (NIAID) ERADICATE study required all
opioid-dependent subjects to participate in
supervised treatment, with no mention of spe-
cifics on urine drug screening (UDS) or phar-
macological agents used for OST [11]. Results
from NIAID ERADICATE represented SVR rates
of 100% in ART-naive patients and 97% in ART-
experienced patients. ION-4 and ASTRAL-5
excluded patients with clinically relevant drug
abuse (not defined) or positive drug screen
within 12 months of study enrollment [12, 13].
Interestingly, UDS was only collected at the
initial screening visit. C-EDGE CO-INFECTION
also excluded patients with clinically relevant

A\ Adis



25

Infect Dis Ther (2019) 8:23-32

11angsojos /1iasedipa]

(¢c¢ = u) paduariadxo SISOYIIID (sPam g X 1Yy uo
[[e12A0 996 syooM 7] A pue aareu-juowiedr],  paresuadwosndq (S > TA ‘001 < FAD) PARJUI-00 ATH [21] $-NOI
(L = )
I1YVv uo
siuonred Jo 94/6
(1 =) (Spom g X 1AV
IV uo U0 S > TA 001 = HAD :paousnadxo m1angsojos /1asedipo
j0u syuoned 00S > TA P D 2[qess  [11] ALVOIAVId
30 %001 spam 71 qT ‘e[ ‘T SATEU-IUWIIEI |, SISOYLITD) 10 00S < HD PAIEN]) PaIddJui-0d ATH AIVIN
A1 Surpnpxs sperry,
SISOUAII> NAI'DEd F AT + d0S mseuaiqrd
syooM 7T 10 AQY F NAFOAd (SPom g X THV /11a01dess[0)
(gST = #) {SISOYLIID ‘NI yaim pasuatradxd SISOYIID U0 7 > TA ‘002 < HOD :paduatradxs [o1]
[[e19A0 0486  OU SYdam § 9-1 10 oATEU-IUDUIIEDI],  paesuadwond g 00S < FAD PAIEN]) Pa3ddjur-od ATH 7-NOLLIQIdXa
(81 =)
dnoid yoom-71
(ST =14
dnoi3 yoom-g NALOTd F AD + J0S Taseuaiqid
(g¢ = u) 10 AQY T NAFOId (SPPM g X TNV U0 0F > TA /1aa1deso[n
pa3odgur SPoM 7T ‘NI Y pasuarrodxd 002 < QD :pooudtadxa (00T > TA (6]
02 JO %001 108 I IO SATEU-IUIUNE ], SISOYIID ‘00S < $D PAIRN]) P2IoJul-0d ATH [-ADNVINANA
A1 Surpnpur sperry,
Aderoya LB
TIYAS  Jo qaSua adfroudn £30351y JUSUIIRINY ADH uorsnpxy uvonemdog e [esrur)

[$1-6] uonemdod pardojur-0> ADH/AIH 2Y? U syy( Jo asn oyp Sunioddns spemn [eorur) [ 3[qe],

I\ Adis



Infect Dis Ther (2019) 8:23-32

26

S[ETT [EDTUT]> [enpIAIPUT 03 19301 2sea[d ®LIAALID UOTSI[IXd JO ISI[ JAISUAIXD UE 107
(Tw/sardos

ur) peoj [elA [-ATH 74 ‘U9919s SnIp ouLn §(7/) “IIANGSOJOS ,J(O§ “ULIARQU { gy ‘s8nip 100(ur oym oydoad qr41 ‘woragrorur parejd3ad NLfT-DFJ ‘UordIIUL AT
osn 3nip uondalur (g7 ‘snia Aouspyopounwwr uewny 47y ‘snaa O snnedoy gHp UW/S[[22 L) § UTEWOp 1SN £(7) “deroyqy ersomomue yp

(s¢ = =)
SISOYIIID

paresuadwod

%00T

(817 = %)
[[eI1240 996
(61 = #)
SISOYLIDD
paresuadwod
%001
(1€ = %)
paduatradxo
-udwIedn 9/6
(SL=u)
JATRU

-USWIBIN 94G6

(101 = %)
[[e1940 9,6

w

SY2M ZT ‘qT e T

S[am 7T 9-1

QATEU-IUSWIIRII T,

paduatradxo

-NAI 10 9AIRU-1UdUIIEdI ],

Taseqo/1ad1dozelny

(02> TA ‘00T < ¥dD
spadustiadxs {00005 > TA
005 < $AD PAEN) Pa13jut-0d ATH

(1] NOLLDIANI
-00 I95a1-D

SISOYILID

paresuadworng

Taseredpa

SISOYIID (sYoom § X IV UO /T1ANQs0Jog

paresuadwosn@ 0§ > TA 001 < $AD) P12Jur-0d ATH [€1] S TVYELSV

TIAS

Aderoqa
jo aduoy adfrouan

Ax038TY JUdUIEIN) ADH

LB

uvonemdog e Jesrur)

uorsnxy

@USC?EOU ICICLAR

A\ Adis



Infect Dis Ther (2019) 8:23-32

27

drug abuse (not defined) within 12 months of
study enrollment, but did not require UDS at
enrollment or any time during the study period
[14]. No virologic failure was noted in any of
these trials, while NIAID ERADICATE and
C-EDGE CO-INFECTION each had patients with
transient viremia who later achieved viral sup-
pression with no change in ART [11, 14].

Overall, limited studies evaluate the use of
DAAs in HIV/HCV co-infected PWID. ENDUR-
ANCE-1 and EXPEDITION-2 demonstrated high
rates of SVR in PWID using glecaprevir/pi-
brentasvir for treatment of HCV [9, 10]. These
trials represented the DAA with the most data in
the HIV/HCV co-infected PWID population.
Despite the limited availability of data, both
these studies demonstrate that a HCV cure can
be achieved despite all of the considerations
and/or concerns regarding active or prior drug
use.

COST CONSIDERATIONS

While the efficacy of the DAA regimens for HCV
infection is well established, cost is still a major
concern when considering large-scale access to
these medications. The sticker price for HCV
treatment is substantially higher than many
other medications on the market today. How-
ever, the cost-avoidance achieved with these
regimens should also be considered. Complica-
tions of untreated chronic HCV infection
include end-stage liver disease/cirrhosis, hepa-
tocellular carcinoma (HCC), liver transplanta-
tion and ultimately death. In 2017, the average
total cost for a liver transplant in the United
States was US$812,700. This included, in addi-
tion to the surgery, the 30-day pre-transplant
work-up, procurement of the organ, hospital-
ization, post-transplant follow-up, and all
medications throughout the process [15]. While
mortality associated with hepatocellular carci-
noma is decreasing, the overall hospitalization
costs have been steadily increasing. One study
noted a $15,153 increase in the cost per hospi-
talization between the years 2002 and 2011,
after adjusting for inflation [16]. Medical treat-
ment for HCV may decrease the overall eco-
nomic burden of end-stage liver disease and

cirrhosis, which are costly to our healthcare
system. Furthermore, the treatment cost also
prevents reinfection or further infection of
other injection drug users in the PWID popu-
lation. Even when taking into consideration the
high price of medications, the cost-avoidance
achieved through treating this patient popula-
tion rather than delaying treatment has been
shown to be cost-effective [17].

The price tag on DAA therapy varies globally,
but remains unaffordable to a majority of
patients living with HCV [18]. Some low- and
medium-income countries have licensing
agreements with pharmaceutical companies for
tiered pricing of certain DAAs, but these agree-
ments do not include the middle-income
countries which suffer the highest burden of
HCV infections. For example, Central and
Eastern European countries have the highest
costs for DAA therapies, despite having the
highest burden of HIV/HCV co-infected
patients. Low-cost generic DAAs available in
India have led to improved patient outcomes
and increased cost savings related to HCV
treatment, but the cost of testing and diagnosis
still remain high [19]. Generic DAAs are expec-
ted to become available in the US in early 2019,
which could potentially lead to increased access
to treatment and a reduction in the economic
burden of HCV [20].

CONSIDERATIONS WHEN CARING
FOR PATIENTS WHO CONTINUE
TO INJECT DRUGS

When treating a person who injects drugs with
newly diagnosed HIV/HCV co-infection, as with
all patients, medication therapy for both infec-
tions should be initiated as soon as possible to
prevent the progression of liver disease and
decrease transmission of the viruses. However,
caring for co-infected patients who continue to
inject drugs presents health care providers with
potential challenges including reinfection,
transmission, and nonadherence to antivirals
and monitoring programs. Co-infected PWID
should be counseled on the risk of reinfection
with HCV after achieving SVR with DAAs.
Reinfection is defined as the recurrence of HCV

I\ Adis



28

Infect Dis Ther (2019) 8:23-32

RNA after achieving SVR and demonstration
that the infection is caused by a different strain
of HCV [4]. In a study reviewing HCV reinfec-
tion in co-infected patients 36-75 months after
achieving SVR with either Peg-IFN + RBV or
Peg-IFN + RBV + DAA, the reinfection rates
were estimated to be 8.72 cases per 100 person-
years in patients who continued to inject drugs
[21]. In Part B of the C-EDGE CO-STAR study
evaluating HCV reinfection and injecting risk
behavior following grazoprevir/elbasvir therapy
in patients receiving OST for at least 3 months,
the overall reinfection rate was 2.3 cases per 100
person-years [22]. Data were further extrapo-
lated to show reinfection rates of 4.2 cases per
100 person-years for those who reported con-
tinued IDU during the OST treatment period.
While this patient population was around 8%
co-infected PWID, further data on reinfection
rates in HIV/HCV co-infected patients are lim-
ited. A meta-analysis showing higher HCV
reinfection incidence in PWID is mostly driven
by the HIV-positive MSM cohort, which cannot
be extrapolated to the general HIV/HCV popu-
lation [23]. Patients who become reinfected
with HCV should be monitored for spontaneous
clearance of infection for at least 3 months prior
to restarting therapy [4]. In Part A of the
C-EDGE CO-STAR study, 6 out of 301 patients
had probable reinfection, and 50% of these
patients had spontaneous clearance of virus
[24]. Based on EASL and AASLD-IDSA guideli-
nes, patients who continue to inject drugs
should be tested bi-annually or annually for
HCYV reinfection [4, 8]. If reinfection is detected,
retreatment should be made available to these
patients. The combination of sofosbuvir/vel-
patasvir/voxilaprevir is the regimen of choice
for retreatment in patients who failed IFN-free,
DAA therapy, although safety and efficacy data
on this combination are lacking in the HCV/
HIV co-infected population [4].

The distribution of HCV genotypes/subtypes
that previously exhibited specific geographical
locations are becoming more prevalent in PWID
[25, 26]. Potential drivers of HCV genotype
transmission have been hypothesized and
include opiate drug trafficking, increased global
travel, and immigration. In the general popu-
lation. Genotype 1 is the most common

genotype seen in North America, accounting for
approximately 80% of reported cases [25]. In
PWID, genotype la accounts for approximately
70% of reported cases in North America, fol-
lowed by genotypes 1b, 2, and 3, each occurring
at rates of about 10% [26]. In other geographical
areas of the world with a high burden of IDU,
genotypes vary in PWID. For example, the most
common genotypes in Eastern Europe are 1a, 1b
and 3, while the most common genotypes in
Central Asia are 1a, 1b, 2, 3, and 4. In a study
comparing HCV genotypes and subtypes
between  HIV-positive and HIV-negative
patients living in Spain, they found genotype 1
represented 74.6% of HIV-negative and 58.5%
of HIV-positive patients (p <0.01) [27]. In
addition, HCV subtype la was the most com-
mon in HIV-positive patients (32.1%) and sub-
type 1b was the most common in HIV-negative
patients (53.8%), while there was an increase in
the prevalence of genotype 4 among the HIV/
HCV co-infected population. The increasing
distribution of HCV genotypes amongst PWID
supports the use of pangenotypic DAAs in this
high-risk population when genotypic testing
cannot be performed.

Beginning at diagnosis and continuing with
each health care encounter, it is important to
address and evaluate the patient’s illicit drug
use. Studies have shown that, in the HIV pop-
ulations, ART is equally efficacious for PWID
when patients are not actively using drugs [28].
[licit drugs have been linked to depression and
anxiety, which is a strong predictor of poor
adherence and potentially poor treatment out-
comes. Persons living with HIV who inject
drugs have lower rates of ART adherence if they
have additional risk factors for non-adherence,
such as recent incarceration or lack of access to
rehabilitation programs. Consequently, man-
agement of substance use disorders is often
necessary to successfully eradicate HCV and
appropriately manage HIV. Therefore, OST
should be considered in combination with DAA
therapy when HCV treatment is being suggested
for HIV/HCV co-infected patients who continue
to inject drugs. In patients living with HIV, OST
is associated with a twofold increase in adher-
ence to ART and a 45% increase in virologic
suppression [29]. In patients living with HCV,
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OST does not appear to affect SVR or adherence
to DAA therapy [30, 31]. Most of the DAAs that
the FDA approved for use in HIV/HCV co-in-
fected patients are considered safe for co-ad-
ministration with methadone, buprenorphine,
and buprenorphine/naloxone [32-37]. Dacla-
tasvir, ombitasvir/paritaprevir/ritonavir, and
ombitasvir/paritaprevir/ritonavir plus dasabuvir
increase levels of buprenorphine, requiring
increased monitoring for adverse effects with-
out any dose adjustments [38-40]. It is impor-
tant to build a relationship of trust with these
patients, and not only provide medical support
for their HIV/HCV infections but also assist in
connecting them with additional providers to
manage comorbidities affecting adherence to
medication therapies. This primarily includes a
multidisciplinary approach to treating the
patients’ substance use disorders and psychi-
atric illnesses. It is prudent to stabilize these
patients and provide them with the resources
necessary to appropriately manage their HIV
and HCV. Further harm-reduction strategies,
such as connecting patients with needle
exchange programs and/or clinics providing
sexually transmitted infection screenings and
free condoms, are also important.

There is growing evidence supporting the use
of antiviral-based interventions, also known as
treatment as prevention (TasP), to reduce
transmission of HIV and HCV in PWID [41].
TasP leads to a reduction in the viral burden and
infectious potential of patients who continue to
engage in high risk behavior. These patients
should be counseled on both sexual and injec-
tion drug use risk reduction behaviors to avoid
transmission and reinfection. Furthermore,
patients should be provided with access to
naloxone rescue products, and both the
patients and family members should be coun-
seled on the signs and symptoms of opioid
overdose and appropriate use of naloxone.

Patients enrolled in care for their HIV/HCV can
also serve as an access point to enroll other high-
risk patients. Respondent-driven sampling (RDS)
has become a popular method both in the US and
other countries to enroll high-risk patients into
studies aiming to treat and prevent HIV and HCV
[42-45]. In these studies, “seeds” are identified in
high-risk areas and provided with coupons to

enroll additional patients for screening and edu-
cation for HIV and HCV. Similar approaches can be
considered in the real-world population by pro-
viding patients with educational materials and
resources to recruit other PWID into care. At a
teaching hospital in Australia, hepatitis B and C
screening and treatment was incorporated into the
OST setting by a multidisciplinary staff, leading to
successful enrollment of high-risk patients into
care [46]. By enhancing patient care models in the
HIV/HCV co-infected population, more patients
can receive access to treatment, decreasing the
global burden of HCV.

CONCLUSION

As healthcare providers, the efficacy of HCV
treatment and maintaining HIV virologic sup-
pression are top priorities. Although the PWID
population is commonly excluded in HIV/HCV
co-infection trials, in those that did include this
population, successful cure was achieved. These
results could therefore be extrapolated to other
PWID, especially taking into consideration the
large percentage of persons with HIV/HCV co-
infection being PWID. Arguably, this popula-
tion makes a good target population for treat-
ment. Novel approaches to providing this
treatment should be considered, including
meeting these patients in the community.
Facilities providing OST, clean needle exchan-
ges, or any type of substance dependence or
mental health counseling are key places to
engage, link, and retain PWID with HIV/HCV
co-infection from the community into care.
Furthermore, providing HCV treatment to
PWID can lead to large cost avoidance when
taking into consideration the decreased need
for liver transplantation, hepatocellular carci-
noma and spread of infection through injection
drug use. Since many HCV genotypes are
prevalent in this patient population, a pan-
genotypic agent could be optimal first line.
Glecaprevir/pibrentasvir is an ideal agent con-
sidering the short duration of therapy and lim-
ited drug interactions with both HIV and OST
therapies. Ultimately taking into account all
aspects of care, such as cost, access and efficacy,
an interdisciplinary medical team is well
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equipped to provide treatment to prevent HIV
and HCV transmission and reduce long-term
morbidity in PWID.
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