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Background. 'There are limited data on the real-world effectiveness of direct-acting antiviral (DAA) treatment in patients coin-
fected with hepatitis C virus (HCV) and HIV—a population with complex challenges including ongoing substance use, cirrhosis,
and other comorbidities. We assessed how patient characteristics and the appropriateness of HCV regimen selection according to
guidelines affect treatment outcomes in coinfected patients.

Methods. We included all patients who initiated DAA treatment between November 2013 and July 2017 in the Canadian
Co-Infection Cohort. Sustained virologic response (SVR) was defined as an undetectable HCV RNA measured between 10 and 18
weeks post-treatment. We defined treatment failure as virologic failure, relapse, or death without achieving SVR. Bayesian logistic
regression was used to estimate the posterior odds ratios (ORs) associated with patient demographic, clinical, and treatment-related
risk factors for treatment failure.

Results. Two hundred ninety-five patients initiated DAAs; 31% were treatment-experienced, 29% cirrhotic, and 80% HCV gen-
otype 1. Overall, 92% achieved SVR (263 of 286, 9 unknown), with the highest rates in females (97%) and lowest in cirrhotics (88%)
and high-frequency injection drug users (89%). Many patients (38%) were prescribed regimens that were outside current clinical
guidelines. This did not appreciably increase the risk of treatment failure—particularly in patients with genotype 1 (prior odds ratio

[OR], 1.5;95% credible interval [CrI], 0.38-6.0; posterior OR, 1.0; 95% CrI, 0.40-2.5).

Conclusions.

DA As were more effective than anticipated in a diverse, real-world coinfected cohort, despite the use of off-label,

less efficacious regimens. High-frequency injection drug use and cirrhosis were associated with an increased risk of failure.

Keywords.

direct-acting antivirals; hepatitis C virus; HIV coinfection; treatment failure; treatment guidelines.

Direct-acting antivirals (DAAs) are safe and highly effective
treatments that can cure more than 90% of individuals chron-
ically infected with hepatitis C virus (HCV) [1, 2]. Ambitious
World Health Organization (WHO) targets have been set for
HCV elimination; however, treatment must be scaled up in
populations that traditionally have been difficult to engage in
care [3-6]. Due to the high prevalence of HCV [7] and sub-
sequent increased morbidity and mortality from liver disease
[8] and community transmission risks, HIV-infected individ-
uals are a priority population for HCV elimination. In clinical
trials of DA As that included HCV/HIV-coinfected individuals,
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treatment failures occurred infrequently [1]. Although tradi-
tionally difficult-to-treat patients are typically excluded from
such trials [9], recent real-world clinical studies have shown
similarly low rates of treatment failure [10-13]. Despite the
advances in treatment, however, challenges remain that place
coinfected persons at increased risk of DAA treatment fail-
ure. These include advanced and decompensated cirrhosis,
ongoing substance use [14], important drug-drug interactions
with antiretrovirals and other concomitant medications [15],
and persistent HIV-related immunosuppression [16]. To date,
studies have lacked more detailed information on risk behav-
iors, substance use, and the clinical rationale for treatment
selection.

Although uncommon, treatment failures are costly. Even in
the context of lower medication prices, the cost of retreatment
is substantial. Failure to cure also carries the potential ongoing
risk of new infections and progressive liver disease. Thus, opti-
mizing success with a first DAA regimen should be the goal.
We sought to determine how patient characteristics and the
appropriateness of HCV treatment selection according to HCV
treatment guidelines impact treatment outcomes for HCV/
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HIV-coinfected patients. Using statistical methods appropriate
for small samples, we assessed risk factors for DAA treatment
failure in a large, representative cohort of Canadian coinfected
patients with detailed information on current risk behaviors,
substance use, clinical parameters, and prescribing decisions.
Our aim was to help clinicians identify people who require spe-
cific therapies, added support, or additional monitoring to min-
imize treatment failure in this priority population.

METHODS

Study Population

The Canadian Co-infection Cohort (CCC) includes more
than 1800 patients recruited from HIV clinic populations at 18
centers across 6 Canadian provinces [17]. We retrospectively
identified all coinfected patients who initiated all-oral, interfer-
on-free DAAs between November 1, 2013, and June 30, 2017.
Treatment-related information, including start and stop dates,
HCV genotype, and viral load measurements, was obtained
using detailed standardized data forms. All of the participants
provided informed consent. Our study was approved by the
community advisory committee of the Canadian Institutes of
Health Research-Canadian HIV Trials Network, the McGill
University Health Centre Research Ethics Board, and by all in-
stitutional ethics boards of participating centers.

Outcome

We defined sustained virologic response (SVR) as an undetect-
able HCV RNA measured between 10 and 18 weeks post-treat-
ment. We then classified each failure to achieve SVR as either
(1) an undetectable HCV RNA during treatment (ie, virologic
failure), with or without early treatment discontinuation; (2) a
detectable HCV RNA measurement after an undetectable meas-
urement at any time up until 12 weeks after the end of treatment
(ie, relapse); or (3) death before the assessment of SVR. HCV
RNA was assessed in local laboratories using either a qualitative
(COBAS Ampliprep/TagMan HCV Test, v2.0, Roche Molecular
Systems) or quantitative assay (Abbott RealTime PCR, Abbott
Molecular Inc.).

Risk Factors

We evaluated demographic, clinical, treatment, and adher-
ence-related risk factors for DAA treatment failure, identified
a priori and using information readily available at treatment
initiation. Cirrhosis was defined by clinical diagnosis and
included both compensated and decompensated cirrhosis (e,
presence of ascites, varices, spontaneous bacterial peritonitis,
portal hypertension, or encephalopathy). Chronic comorbidi-
ties that may impact treatment outcomes were [18]: hepatitis
B virus (HBV) coinfection (surface antigen positivity), chronic
renal failure (estimated glomerular filtration rate <60 mL/
min/1.73 m?), or diabetes (clinical diagnosis or 2 consecutive
measurements of fasting glucose =7 mmol/L or nonfasting

glucose >11.1 mmol/L). Off-label or low-efficacy regimens
were defined as any prescribed DAA medications that were out-
side the current clinical guidelines of the American Association
for the Study of Liver Disease (AASLD) and Infectious Disease
Society of America (IDSA), updated in September 2017 [19].
Problematic substance use was defined as recent high-fre-
quency injection drug use (IDU) or hazardous alcohol con-
sumption. High-frequency IDU was assessed by self-report of
injecting crack cocaine or methamphetamines in the last year,
as these drugs are associated with multiple daily injections and
a high degree of risk-taking behavior [20]. Hazardous alcohol
consumption was assessed by self-report using Alcohol Use
Disorders Identification Test (AUDIT-C) score cutoffs (ie,
>3 for females, >4 for males) [21]. Detectable HIV RNA was
defined as 250 copies/mL.

Statistical Analysis

We assessed predictors of DAA treatment failure in our coin-
fected population using logistic regression. All risk factors for
DAA treatment failure were measured before or no later than
45 days after treatment initiation. We took a Bayesian approach
to analysis to limit the bias in estimates when multivariate re-
gression models are fit to “sparse data” [22-24]. For each model
parameter, we asserted “weakly” informative prior distribu-
tions—distributions with credible intervals (Crls) that we think
would be viewed as liberally inclusive by knowledgeable clini-
cians [25]. Informative priors restrict each model parameter to
a range of clinically plausible values, reducing the influence of
outliers [26, 27]. We categorized risk factors as possibly or prob-
ably harmful, possibly or probably beneficial, or of uncertain
direction. For each category, we then assigned a wide normal
distribution, with a variance of 0.5, as the prior log odds ratio,
to reduce the probability of extreme effect sizes [24]. We con-
sidered cirrhosis and the presence of chronic comorbidities to
be possibly harmful (prior odds ratio [OR], 1.5; 95% credible
interval [Crl], 0.38-6.0), whereas off-label and low-efficacy
regimens and problematic substance use were probably harmful
(prior OR, 2.0; 95% CrI, 0.5-8.0). We also included covariates
for sex, Indigenous ethnicity, age (per 10 years), and detectable
HIV RNA as a measure of patient adherence to treatment. We
considered increasing age and sex to be risk factors of uncertain
direction (prior OR, 1.0; 95% Crl, 0.25-4.0) and Indigenous
ethnicity and detectable HIV RNA to be possibly and probably
harmful, respectively. We used SAS/STAT 14.1 (Cary, NC) for
our analysis, using a BAYES statement in PROC GENMOD to
fit our Bayesian model. We report prior and posterior credible
intervals; the difference between these intervals shows the in-
formation contributed by our data [23].

Sensitivity Analysis
First, we reclassified patients taking 8 weeks of sofosbuvir/ledi-
pasvir as a suitable, rather than off-label, regimen for genotype
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1 patients if they were treatment-naive, noncirrhotic, and had
an unknown or HCV viral load <6 million IU/mL. Current
AASLD/IDSA guidelines do not support the use of short-course
sofosbuvir/ledipasvir in the setting of HIV coinfection [19],
but a short course of this regimen is the only option in some
Canadian provinces, despite limited real-world evidence in the
coinfected population [28]. Second, we restricted our analysis
to HCV genotype 1 patients and replaced the existing probably
harmful prior for off-label, low-efficacy regimen with a pos-
sibly harmful prior, given that we expected that this risk factor
would have the greatest effect on non-genotype 1 patients.
Third, we separated the effect of problematic substance use into
2 covariates—high-frequency IDU and hazardous drinking—
and assigned them probably and possibly harmful priors, re-
spectively. Lastly, we included all patients who had no available
treatment outcome but were part of our study population. For
those with HCV RNA measurements after starting treatment,
we imputed their outcome based on post-treatment mea-
surements, where available, or if not, on an end-of-treatment
response. For patients with no measurements after starting
treatment, we assumed all were failures or all were successes, to
assess the effect of both extremes on our results.

RESULTS

As of June 30, 2017, 350 coinfected patients initiated treatment
with DAA therapy (Figure 1). We then excluded 2 patients who
had been treated with DA As before enrollment, 31 patients who
were treated through a clinical trial, 19 who completed a base-
line questionnaire more than 45 days after starting treatment,
and 3 who were treated for a reinfection after successful inter-
feron-based therapy. Hence our analysis was of 295 coinfected

350 patients treated with all oral, interferon-free DAAs
(117172013 to 6/30/2017)

2 Patients all-oral DAA treatment experienced
(failed before enrollment)

31 treated with all-oral DAAs through a clinical
trial

19 completed baseline questionnaire >45 days
after treatment initiation

3 were treated with all-oral DAAs after being
re-infected in the interferon era

295 analytical sample size that meets inclusion criteria:
235 genotype 1
14 genotype 2
34 genotype 3
11 genotype 4
1 unknown genotype

Figure1.  Study participant flow chart. Abbreviation: DAA, direct-acting antivirals.

patients. Most patients were male (77%), with a median age
(interquartile range [IQR]) of 52 (48-56) years; 80% had HCV
genotype 1; 31% previously failed treatment with interferon;
29% were cirrhotic (Table 1). All patients were on antiretroviral
therapy, with a median CD4" cell count (IQR) of 500 (300-700)
cells/uL, and 89% had suppressed HIV RNA. Recent problem-
atic substance use was reported by 42% of patients.

Overall, 111 patients (38%) were treated with an oft-label,
low-efficacy regimen (range, 28% for genotype 1 to 100% for
genotype 2) (Table 2). Mutually exclusive reasons for off-label
or low-efficacy indication were the use of a nonrecommended
regimen, a recommended regimen with concomitant use of
contraindicated antiretrovirals, or a recommended regimen
without contraindication, but of a shortened duration (Table 2;
Supplementary Table 1). For patients with genotype 1 (n = 231),
the most common reason treatment was considered off-label
or low efficacy was the use of a nonrecommended regimen
(n = 36), mostly interferon-experienced patients with cirrhosis
(n = 31) who did not receive ribavirin. Less frequent were the
use of an acceptable regimen with a shortened duration (n=19),
mostly among patients who were treatment naive, noncirrhotic
(n = 15), and had a contraindication with HIV antiretrovirals
(n = 10). For patients with other HCV genotypes (n = 57), the
most common reason treatment was considered off-label or low
efficacy was the use of a nonrecommended regimen (n = 43), in
particular sofosbuvir and ribavirin.

Treatment was successful for 263 of 286 patients with known
treatment outcomes (SVR: 92%); 9 had an unknown outcome.
Characteristics of the 23 treatment failures are shown in Table 3.
The reasons for treatment failure were virologic failure (n = 11),
relapse (n = 9), and death (n = 3). Among the 9 patients with
an unknown outcome, 2 had an undetectable HCV RNA meas-
urement at end of treatment, with the remainder having no
information on HCV RNA after starting treatment. SVR rates
were higher among genotypes 1 (93%) and 3 (94%) than gen-
otypes 2 (85%) and 4 (80%) and were higher among females
than males (97% vs 90%). Among genotype 1 patients, SVR
was higher among genotype 1b (37/38, 97%) than genotype la
(159/173, 92%). SVR rates were lower among patients with cir-
rhosis than those without cirrhosis (88% vs 94%) and among
those reporting high-frequency IDU compared with those not
(89% vs 93%). There was little difference in SVR rates between
those on a recommended regimen than those on an off-label or
low-efficacy regimen (93% vs 91%).

Treatment-specific SVR rates by genotype, cirrhosis status,
and treatment experience are shown in Supplementary Table
2. Sofosbuvir/ledipasvir was the most frequently used reg-
imen (n = 201), followed by sofosbuvir and ribavirin (n = 32),
mainly used by genotype 2 and 3 patients. Ribavirin was a
component of treatment for 29 patients (11%), of whom
21 were cirrhotic or treatment experienced. Among treat-
ment-naive patients, noncirrhotic genotype 1 patients with
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Table 1. Baseline Patient Characteristics, Overall and by Hepatitis C Virus Genotype®
HCV Genotype
Overall GT1 GT2 GT3 GT4
(n = 295)° (n = 235)° (n=14) (n=34) (n=11)

Median age (IQR), y 52 (48-56) 52 (47-56) 51 (48-59) 54 (51-59) 52 (47-60)
Male sex 227 (77) 184 (78) 10 (71) 25 (74) 7 (64)
Indigenous ethnicity® 38 (13) 30 (13) 3(21) 4(12) 1(9)
Detectable HIV RNA (>50 copies/mL) 31 (1) 27 (1) 0 1(3) 2 (18)
Median CD4 count (IQR), cells/uL 500 (300-700) 500 (330-710) 360 (260-550) 450 (230-620) 580 (330-770)
Nadir CD4 count <200 cells/uL® 161 (59) 125 (68) 8 (62) 23 (74) 4 (40)
HCV interferon treatment experienced 91 (31) 72 (31) 3 (21) 10 (29) 6 (65)
Cirrhosis 85 (29) 65 (28) 4(29) 13 (38) 3(27)
Median HCV viral load (IQR), log,, IU/mL 6.1 (5.6-6.5) 6.1 (5.7-6.4) 6.5 (5.9-6.7) 5.8 (5.1-6.4) 5.9 (5.6-6.5)
Any additional comorbid condition 55 (19) 39 (17) 5 (36) 10 (29) 1(9)

Diabetes 27 (9) 19 (8) 4(29) 4(12) 0

Chronic kidney disease 27 (9) 20 (9) 1(7) 5 (15) 1(9)

Hepatitis B coinfection 6 (2) 4(2) 0 2 (6) 0
Problematic substance use in last year 124 (42) 99 (42) 5 (36) 17 (50) 2(18)

High frequency injection drug use 58 (20) 47 (20) 1(7) 10 (29) 0

Hazardous alcohol consumption 88 (30) 69 (29) 5 (36) 11 (32) 2 (18)
Off-label or low-efficacy HCV treatment’ 111 (38) 65 (28) 14 (100) 25 (76) 7 (70)

Abbreviations: GT, genotype; HCV, hepatitis C virus; IQR, interquartile range; IU, international units.

®All values are No. (%), unless otherwise indicated.

°One patient was missing data on HCV genotype.

°For genotype 1176 patients had genotype 1a, 39 had genotype 1b, and 20 had an unspecified genotype 1.

90verall ethnicity: Caucasian (n = 233), Indigenous (n = 38), black (n = 14), and Asian (n = 10).

“Twenty-four patients were missing data for nadir CD4 count <200 cells/uL: 19 for genotype 1, 1 for genotype 2, 3 for genotype 3, and 1 each for genotype 4 and the missing genotype.

fSix patients were missing data for the off-label indication: 4 for genotype 1 and 1 each for genotypes 3 and 4.

an HCV viral load <6 million IU/mL treated with sofosbuvir/ certain patients (prior OR, 2.0; 95% Crl, 0.5-8.0; posterior OR,

ledipasvir, SVR rates were 100% (15/15) in those prescribed
for 8 weeks and 95% (74/78) among those prescribed for
12 weeks.

Estimates of risk factors for treatment failure were broadly
in line with our expectations, in that posterior intervals were
contained within prior intervals (Table 4). However, females
were less likely to fail treatment than anticipated (prior OR,
1.0; 95% CrI, 0.25-4.0; posterior OR, 0.52; 95% CrI, 0.19-1.3).
Off-label, low-efficacy HCV treatment was not as detrimental
as anticipated, either in the main analysis (prior OR, 2.0; 95%
CrI, 0.5-8.0; posterior OR, 1.2; 95% Crl, 0.57-2.7), when sofos-
buvir/ledipasvir for 8 weeks was reclassified as acceptable for

1.4; 95% Crl, 0.62-3.0), or when the analysis was restricted to
genotype 1 patients (prior OR, 1.5; 95% CrI, 0.38-6.0; posterior
OR, 1.0, Crl, 0.40-2.5). Problematic substance use was not as
harmful as anticipated (prior OR, 2.0; 95% CrI, 0.5-8.0; poste-
rior OR, 1.3; 95% CrI, 0.61-2.8); however, when we separated
the effects of alcohol consumption and IDU, the risk of treat-
ment failure for those reporting high-frequency IDU (posterior
OR, 2.0; 95% Crl, 0.85-4.6) was consistent with expectations.

Sensitivity analyses where we imputed missing treat-
ment outcomes under optimistic and pessimistic scenarios
produced results consistent with those of the main analysis
(Supplementary Table 3).

Table 2. Reasons for Off-label or Low-Efficacy Treatment in 111 Patients, by Hepatitis C Virus Genotype, According to Current HCV Treatment Guidelines®

Overall GT1 GT2 GT3 GT4
(n =288) (n=231) (n=14) (n=33) (n=10)
Regimen not recommended regardless of ART 79 36° 13 24 6
Regimen not recommended only because ART contraindicated 13 10 1 1 1
Regimen recommended but prescribed duration too short 19 19 0 0 0
Total off-label, low-efficacy regimen m 65 14 25 7

Abbreviations: ART, antiretroviral therapy; GT, genotype.

“Six patients were missing data for the off-label indication: 4 for genotype 1 and 1 each for genotypes 3 and 4. One patient who had an unknown HCV genotype was excluded.

We assumed GT1a cirrhotic patients who used elbasvir/grazoprevir and did not have a record of baseline NSBA resistance testing to be off-label.
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Table 3. Characteristics of the 23 Hepatitis C Virus Treatment Failures Seen in the Canadian Co-Infection Cohort

HCV Treatment Prescribed Actual Contraindicated  Off-Label, Substance
Patient GT  Experienced Cirrhosis  HCV Treatment  Duration, wk  Duration, wk  Antiretrovirals Low-Efficacy Use® Comorbidities®
1 la No No ELB/GRZ 12 8 None No IDU, alcohol  None
2 1a No No SOF/LED 12 8 None No IDU None
8 la No No SOF/LED 12 1 None No None None
4 1a No No SOF/LED 12 1 None No IDU, alcohol  None
5 la No No SOF/LED 12 12 None No None None
6 la  No No SOF/LED 12 12 None No IDU None
7 1la No Yes SOF+RBV 12 5 None Yes None Kidney disease
8 la  No Yes SOF/LED 8 8 None Yes IDU None
9 la No Yes SOF/LED 24 24 None No None None
10 la Yes No SOF/LED 12 12 None No None None
1 la Yes No SOF/LED 12 12 None No IDU None
12 la Yes Yes SIM+SOF+RBV 12 6 None Yes None None
13 1la Yes Yes SOF/LED 24 24 None Yes None None
14 la Yes Yes SOF/LED+RBV 12 12 None No Alcohol None
15 b  Yes Yes SOF/LED 12 7 None No None Diabetes
16 1 No No ELB/GRZ 12 12 Darunavir Yes None Kidney disease
17 1 No No SOF/LED 12 9 None No None None
18 2 No No SOF+RBV 12 10 None Yes None Kidney disease
19 2 No Yes SOF+RBV 12 5 None Yes None Diabetes
20 3 No No SOF+RBV 24 24 None Yes Alcohol None
21 3  Yes Yes SOF+RBV 24 24 None Yes Alcohol Kidney disease
22 4 No No SOF/LED 12 12 None No None None
23 4 Yes Yes SOF/LED 24 24 None Yes None None

Abbreviations: ELB, elbasvir; GRZ, grazoprevir; GT, genotype; HCV, hepatitis C virus; IDU, injection drug use; LED, ledipasvir; RBV, ribavirin; SIM, simeprevir; SOF, sofosbuvir.

“High-frequency IDU was defined by self-report of injecting crack/cocaine or methamphetamines in the last year before treatment initiation. Hazardous alcohol use was defined by self-report
of consumption in the last year before treatment initiation resulting in AUDIT-C scores >3 for females or >4 for males.

®Diabetes was defined through clinical diagnosis or 2 consecutive measurements of fasting glucose >7 mmol/L or nonfasting glucose >11.1 mmol/L before treatment initiation. Kidney
disease was defined as a single estimated glomerular filtration rate measurement <60 mL/min/1.73 m? before treatment initiation.

DISCUSSION

We found that all-oral DAA therapies were very effective in a real-

world setting. Many of our patients were historically considered dif-
ficult to treat—active substance users (42%) and those with HCV

genotype 3 (12%), interferon-based treatment experience (31%),

or cirrhosis (29%). The 92% SVR rate in these patients is, however,

largely comparable to that reported for coinfected patients both in
clinical trials [2] and in other real-world settings [9, 11, 12, 16, 29].

Table 4. Prior and Posterior Estimates of Risk Factors for Hepatitis C Virus Treatment Failure Among HIV-Coinfected Patients in the Canadian Co-Infection
Cohort Who Initiated Treatment With Direct-Acting Antivirals

Main Analysis Sensitivity Analyses
Reclassified Off-label Genotype 1 Two Substance Use Effects

Prior OR Posterior OR Posterior OR Posterior OR Posterior OR

(95% Crl) (95% Crl) (95% Crl) (95% Crl) (95% Crl)
Age (per 10-y increase) 1.0 (0.25-4.0) 1.4 (0.81-2.4) 1.3 (0.75-2.2) 1.3 (0.71-2.4) 1.4 (0.83-2.5)
Female sex 1.0 (0.25-4.0) 0.562 (0.19-1.3) 0.49 (0.19-1.2) 0.52 (0.18-1.4) 0.51 (0.19-1.3)
Indigenous ethnicity 1.5 (0.38-6.0) 1.5 (0.55-3.9) 1.8 (0.68-4.4) 1.4 (0.47-3.7) 1.4 (0.54-3.7)
Chronic comorbidities 1.5 (0.38-6.0) 1.3 (0.566-3.1) 1.3 (0.565-3.0) 1.1 (0.43-3.0) 1.3 (0.566-3.0)
Detectable HIV viral load 2.0 (0.5-8.0) 1.6 (0.58-3.9) 1.5 (0.566-3.7) 1.4 (0.51-3.7) 1.5 (0.58-3.8)
Cirrhosis 1.5 (0.38-6.0) 1.8 (0.79-3.9) 1.6 (0.72-3.6) 1.8 (0.74-4.5) 1.8 (0.80-4.1)
Off-label, low-efficacy regimen 2.0 (0.5-8.0) 1.2 (0.57-2.7) 1.4 (0.62-3.0) 1.0 (0.40-2.5)° 1.2 (0.57-2.8)
Problematic substance use® 2.0 (0.5-8.0) 1.3(0.61-2.8) 1.2 (0.56-2.6) 1.5 (0.62-3.4) N/A
Hazardous alcohol use 1.5 (0.38-6.0) N/A N/A N/A 0.94 (0.40-2.1)
High-frequency injection drug use 2.0 (0.5-8.0) N/A N/A N/A 2.0 (0.85-4.6)

Abbreviations: Crl, credible interval; N/A, not applicable; OR, odds ratio.

“Patient self-reported high-frequency injection drug use or hazardous alcohol consumption in the last year before treatment initiation.

®Replaced the probably harmful prior OR with a possibly harmful prior OR of 1.5 (95% Crl, 0.38-6.0) for this specific sensitivity analysis.
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Our goal was to determine how HCV treatment selection ac-
cording to guidelines and baseline patient characteristics pre-
dicts treatment outcome. DAA treatments were more effective
in real-world coinfected patients than we anticipated. Many
patients (38%) were prescribed regimens that were outside cur-
rent clinical guidelines. Contrary to our expectations, this did
not greatly increase the risk of treatment failure—particularly
in patients with genotype 1 (prior OR, 1.5; 95% Crl, 0.38-6.0;
posterior OR, 1.0; 95% CrI, 0.40-2.5).

In genotype 1 patients, most off-label or low-efficacy regimens
were those without ribavirin in cirrhotic or interferon-based
treatment-experienced patients, or with a shorter duration than
recommended in treatment-naive noncirrhotics. Reclassifying
8 rather 12 weeks of sofosbuvir/ledipasvir as an acceptable reg-
imen for genotype 1 patients if treatment-naive, noncirrhotic,
and with HCV RNA <6 million IU/mL, as is the case in HCV
monoinfection, had little additional influence on treatment
failure. In this particular situation, the shorter treatment may
be reasonable despite current guidelines [30]. Although 10 gen-
otype 1 patients had potential drug-drug interactions, we iden-
tified only 1 case where such interactions could have possibly
contributed to treatment failure (a patient receiving elbasvir/
grazoprevir and darunavir).

Note that at the time patients were treated, the treatment re-
ceived might have been the best available and recommended by
the guidelines of the day (eg, sofosbuvir/ribavirin for genotypes
2 and 3). However, even then it was known that the first DAA
treatments for genotype 2 and 3 were not as effective as those
available for genotype 1 [31]. Using current guidelines to define
off-label or low-eflicacy regimens allows us to assess the impact
of earlier suboptimal treatment in real-world data. The low effi-
cacy of early DAAs used for our genotype 2 and 3 patients most
likely had little impact on the overall SVR rate in our study be-
cause we had relatively few patients with these genotypes. In
any event, new highly effective pangenotypic regimens such as
sofosbuvir/velpatasvir and glecaprevir/pibrentasvir mean that
genotype is no longer a barrier to successful treatment [32].

Among patient-related factors, the presence of cirrhosis was
an important risk factor for treatment failure. Recent studies
have reported similar findings in coinfected patients [12, 16,
29]. This is of particular importance in the setting of HIV coin-
fection, where liver disease progression is accelerated and liv-
er-related mortality is a leading cause of death. Furthermore,
coinfected patients may have additional comorbid conditions
that increase the risk of fatty liver disease and associated liver
complications. Because the off-label/low-efficacy indicator
could reflect an inappropriate treatment for cirrhotics, this
indicator and the cirrhosis indicator are potentially correlated.
Re-running the main analysis without the cirrhosis indicator
led to only a slight increase in the estimated association between
off-label/low-efficacy treatment and treatment failure (posterior
OR, 1.4;95% CrI, 0.67-3.0). This implies that cirrhosis is indeed

an independent risk factor for treatment failure despite current
strategies—longer treatment or adding ribavirin [33]. There
remains little reason to delay HCV therapy in HIV-infected
patients when delay increases the risk of treatment failure and
untreated patients are at greater risk of end-stage liver disease,
with transplantation seldom being an option [34].

The other important risk factor for treatment failure in our
patients was high-frequency IDU. This potential harm only
became apparent when we separated this exposure from haz-
ardous alcohol use; illustrating the detrimental effects of spe-
cific risk behaviors may be missed if general indicators of
substance use are used. The destabilizing effects of injection
cocaine and methamphetamine use likely impact treatment
outcomes through reduced adherence. These are also the same
patients at high risk of HCV transmission [35, 36] and rein-
fection [26], so, although SVR rates are lower, treatment is still
effective and should not be withheld. This finding stresses the
need for integrative HCV care that includes addiction therapies
for drugs other than opioids, adherence support, and harm re-
duction services to improve treatment outcomes in this priority
population for HCV elimination [5, 37].

One unexpected finding was that females responded better to
DAA treatment than anticipated, even after controlling for risk
behaviors, such as IDU and alcohol consumption, that are more
prevalent in men, behaviors that typically increase the risk of
failure by reducing adherence. The implications of this finding
are unclear: the same finding has been reported in other real-
world settings [29, 38, 39], although without controlling for
these risk behaviors. This raises the possibility that there may be
biologic explanations given that HCV infection affects men and
women differently [40].

Not completing treatment for the prescribed duration was
likely to have been one of the most important reasons for treat-
ment failure in our cohort. Not completing treatment is an im-
portant component of nonadherence, although patients might
also take treatment for the prescribed duration but sporadically
miss doses. Among our 23 treatment failures, 10 patients took
treatment for less than the prescribed 12 weeks (all were treated
for at least 5 weeks) (Table 3). In a preliminary analysis, be-
fore making a distinction between prescribed and actual treat-
ment durations, these 10 patients were considered to be on an
oft-label, low-efficacy regimen; this risk factor was then strongly
associated with failure (posterior OR, 2.4; 95% Crl, 1.1-5.3).
Unfortunately, future nonadherence cannot be measured be-
fore starting treatment and does not seem easy to predict with
readily available risk factors such as ethnicity, high-frequency
injection drug use, and detectable HIV RNA, although all had
at least some association with treatment failure.

HIV-related immunosuppression has been associated with
treatment failure [16, 29]. We intentionally did not include
baseline CD4" cell count in our models, because low values may
simply reflect cirrhosis [41, 42]. In response to recent studies,
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we subsequently added nadir CD4" <200 cells/pL to the main
model, assigning this a probably harmful prior (prior OR, 2.0;
95% CrI, 0.5-8.0) to reflect the ORs reported by Berenguer et al.
[29], but we found no association with treatment failure (pos-
terior OR, 0.84; 95% CrI, 0.38-1.9). This additional sensitivity
analysis does not support the hypothesis that immune suppres-
sion influences treatment failure.

Our study has several strengths. First, our patients were
recruited from a range of real-world clinical settings—commu-
nity-based and tertiary care centers in urban and more rural
areas of Canada. Our study has a significant proportion of tra-
ditionally understudied patient populations, so our findings can
likely be generalized to other settings serving a diverse HCV/
HIV-coinfected population. Second, we collected detailed sub-
stance use data not usually available in clinical cohorts and ad-
ditional HCV treatment data with which to assess treatment
outcome in between routine semi-annual follow-up visits.
Third, we took a Bayesian approach to assessing the influence
of risk factors selected a priori, so that existing clinical know-
ledge would constrain estimates to a clinically plausible range
despite a modest sample size and an expected failure rate of less
than 10%. Finally, we carried out several sensitivity analyses to
examine the robustness of our results to different assumptions
about missing data, alternative models, and prior expectations.

Our findings should be considered in light of several limi-
tations. Although we used methods to minimize small sample
regression bias, there remained a limited number of DAA fail-
ures, so our estimates are imprecise. With few failures and few
patients of black ethnicity, we could not consider this ethnicity
as a risk factor, nor, for the same reason, could we consider any
effects associated with different genotypes or subtypes. We note
that these were not risk factors in other studies [12, 29]. Again,
with few failures, we could not explore which components of
our composite off-label or low-efficacy treatment indicator were
the most important. Although treatment adherence seems an
important cause of treatment failure, the risk factors we con-
sidered seem unable to predict future nonadherence; hence we
could not identify specific patient populations where interven-
tion might improve treatment success beyond those injecting
drugs with high frequency.

CONCLUSIONS

All-oral DAA treatment was more effective in real-world HCV/
HIV-coinfected patients than anticipated, across a range of
patient characteristics that have led the coinfected to be con-
sidered more difficult to treat. Clearly treatment could still
be improved; patients with cirrhosis, in particular, continue
to have an increased risk of treatment failure. Adherence still
presents a challenge: Possible solutions are integrated HCV and
addiction care and, ultimately, the development of shorter-du-
ration treatments (ie, <6 weeks). But our data support the view

that HCV/HIV-coinfected patients can no longer be considered
a difficult-to-treat population.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.
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