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Background. We aimed to evaluate the efficacy of opportunistic treatment of hepatitis C virus (HCV) infection among
hospitalized people who inject drugs (PWID).

Methods. We performed a pragmatic, stepped wedge cluster randomized trial recruiting HCV RNA positive individuals
admitted for inpatient care in departments of internal medicine, addiction medicine, and psychiatry at three hospitals in Oslo,
Norway. Seven departments were sequentially randomized to change from control conditions (standard of care referral to
outpatient care) to intervention conditions (immediate treatment initiation). The primary outcome was treatment completion,
defined as dispensing the final package of the prescribed treatment within six months after enrolment.

Results. A total of 200 HCV RNA positive individuals were enrolled between 1 October 2019 and 31 December 2021 (mean age
47.4 years, 72.5% male, 60.5% injected past 3 months, 20.4% cirrhosis). Treatment completion was accomplished by 67 of 98 (68.4%
[95% confidence interval {CI}: 58.2-77.4]) during intervention conditions and by 36 of 102 (35.3% [95% CI: 26.1-45.4]) during
control conditions (risk difference 33.1% [95% CI: 20.0-46.2]; risk ratio 1.9 [95% CI: 1.4-2.6]). The intervention was superior
in terms of treatment completion (adjusted odds ratio [aOR] 4.8 [95% CI: 1.8-12.8]; P=.002) and time to treatment initiation
(adjusted hazard ratio [aHR] 4.0 [95% CI: 2.5-6.3]; P <.001). Sustained virologic response was documented in 60 of 98 (61.2% [95%
CI: 50.8-70.9]) during intervention and in 66 of 102 (64.7% [95% CI: 54.6-73.9]) during control conditions.

Conclusions. An opportunistic test-and-treat approach to HCV infection was superior to standard of care among hospitalized
PWID. The model of care should be considered for broader implementation.
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Keywords. hepatitis C virus; people who inject drugs; model of care; pragmatic clinical trial; stepped wedge cluster randomized
trial.

In Western Europe and North America 65%-80% of the hepa-
titis C virus (HCV) disease burden is attributable to injecting
drug use [1]. People who inject drugs (PWID) therefore repre-
sent a priority population for testing and treatment to reach the
World Health Organization's goal of eliminating HCV infec-
tion as a major public health threat within 2030 [2].

Despite direct-acting antiviral (DAA) therapy being safe and
effective among PWID [3-9], treatment uptake in this popula-
tion remains suboptimal [10, 11]. One of the critical obstacles
to HCV care among PWID is the lack of treatment models

adapted to marginalized individuals [12]. The current standard
of care, involving referral of patients to specialist care at hospi-
tal outpatient clinics, is of limited value due to lack of retention
in care [13, 14].

Although PWID are at high risk of hospitalization for skin and
soft tissue infections and other drug-related harms [15, 16], hos-
pital admissions are not sufficiently utilized for HCV testing and
treatment [17]. An almost 4-fold increased risk of all-cause hos-
pitalization has been shown among people with HCV infection
in the United States [18], further highlighting the potential
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role of hospitalization as a venue for HCV treatment. Except for
one small observational study reporting 66% treatment uptake
among eligible inpatients in Australia [19] and one qualitative
study addressing the concept [20], no study has assessed oppor-
tunistic HCV treatment among hospitalized individuals.

OPPORTUNI-C aimed to evaluate the efficacy of immediate
testing and treatment of HCV infection among PWID admitted
for inpatient care in internal medicine, addiction medicine, and
psychiatry departments. To evaluate this intervention at the
level of health service delivery, we used a stepped wedge cluster
randomized trial design [21]. This design was chosen to facili-
tate a gradual and “naturalistic” implementation and to avoid
contamination of the intervention and disappointment effects
in unexposed clusters. We hypothesized that hospitalizations
represent opportunities to engage PWID in HCV care more ef-
fectively than a referral-based standard of care.

METHODS

Study Design

OPPORTUNI-C was a pragmatic, open-label, multicenter,
stepped wedge cluster randomized trial. The design involved a
sequential rollout of the intervention over 8 time periods. Seven
departments (clusters) of internal medicine (n=3), addiction
medicine (n=2), and psychiatry (n=2) at 3 hospitals in Oslo,
Norway, were assigned to change from control (standard of
care) to intervention conditions in a random order until all clus-
ters were exposed to the intervention (Supplementary Figure 1).
The study protocol has been published previously [22] and a
full methods description is available in the Supplementary
Materials and the Statistical Analysis Plan. The study was regis-
tered with ClinicalTrials.gov (NCT04220645) on 1 October 2019.

The trial commenced on 1 October 2019, and the planned
duration of each period was 2 months. Enrollment was affected
by the coronavirus disease 2019 (COVID-19) pandemic, and
the trial was temporarily stopped for 1 month during the first
Norwegian lockdown in April 2020. As subsequent enrollment
was almost halved, we increased the duration of the remaining
5 periods to reach the recruitment target.

The study was approved by the Regional Committee for
Medical Research Ethics in Norway on 3 March 2019 (reference
number 2019-128). The study was conducted according to the
Declaration of Helsinki and International Conference on
Harmonization Good Clinical Practice guideline. Written, in-
formed consent was obtained from all participants.

Participants

Participant inclusion criteria were (1) age> 18 vyears, (2)
current HCV infection, defined as detectable HCV RNA, (3)
admitted for inpatient care in one of the clusters, and (4) able
to provide informed written consent. Participants were ineligi-
ble only if they (1) had ongoing HCV treatment, (2) were

pregnant or breastfeeding, or (3) did not provide or withdrew
their consent.

Screening for HCV infection was done according to usual
practice and as soon as possible after admission. Following
identification of any HCV RNA positive individual, the local
microbiology department alerted a local investigator who ob-
tained informed consent and facilitated enrollment in cooper-
ation with the clinical staff.

Randomization

Allocation was computer-generated and stratified according to
expected cluster size (small, medium, large) to keep high HCV
prevalence clusters separated regarding the timing of the inter-
vention. The sequences were prepared by a statistician not in-
volved in enrollment and kept in closed opaque envelopes.
Concealment of a new step in the sequence was made available
to the researchers on the day of transition and immediately dis-
closed to the clinical staff at the relevant cluster.

Procedures

During intervention conditions, all participants were offered im-
mediate HCV assessment and treatment initiation during hospi-
talization or as soon as possible after discharge. The intervention
was delivered by the local investigator in cooperation with the re-
sponsible inpatient physician. Briefly, it comprised the following
components: (1) Liver disease staging based on transient elastog-
raphy or FIB-4 index; (2) Pre-treatment counseling at the discre-
tion of the treating physician; (3) DAA treatment initiation
following Norwegian HCV treatment recommendations, typically
with oral fixed-dose pan-genotypic combinations sofosbuvir/
velpatasvir for 12 weeks or glecaprevir/pibrentasvir for 8 weeks;
(4) Individualized follow-up at the discretion of the treating phy-
sician, with support from the local low-threshold HCV clinic [9]
or other facilities, as needed.

During control conditions, all enrolled participants were re-
ferred for outpatient HCV care following discharge in accor-
dance with the established standard of care for hospitalized
individuals.

Participants did not complete a conventional case report form,
but key background variables were summarized in a standardized
inclusion template in the electronic patient files at enrollment.

Outcomes

The primary outcome was treatment completion, defined as dis-
pensing the final 4-week package of the prescribed DAAs from
the pharmacy within 6 months after enrollment. Failure to ac-
complish the primary outcome was noted either if no treatment
had been dispensed (ie, loss to follow-up or other reasons), if
treatment had been dispensed but completed later than six
months after enrolment (ie, delayed treatment), or if the final
package had not been dispensed (ie, treatment discontinuation).
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Secondary outcomes were treatment initiation and sustained
virologic response (SVR). Treatment initiation was defined as
dispensing the first package of DA As within 6 months after en-
rolment. SVR was defined as undetectable HCV RNA at least 4
weeks after the estimated date of end of treatment (SVR >4).
Failure to achieve SVR was noted either if HCV RNA was detect-
able following end of treatment (ie, virologic failure), if no samples
were available for SVR assessment (ie, loss to follow-up), or if no
DAAs were dispensed (ie, no treatment).

Data on treatment completion and treatment initiation were ex-
tracted retrospectively by review of the “core medical record” in the
electronic patient files 6 months after enrolment of the final partic-
ipant. This record contains complete prescription and dispensation
data from pharmacies nationwide within the previous 3 years. Data
on SVR, baseline variables, and causes of death were obtained by
retrospective review of the electronic hospital files and microbiol-
ogy files from local and collaborating laboratories. No measures of
adherence or records of protocol deviations were recorded.

Statistical Methods

To show a 30% difference in effect size (60% intervention vs 30%
control) for the primary outcome, with 85% power and 5% signif-
icance level, assuming a large intra-cluster correlation coefficient
of 0.2, we planned to recruit on average 4 participants per cluster
per period for a total of 224 participants (Supplementary Table 1).

Trial data are reported as mean (SD), median (interquartile
range), or N (%) as appropriate. Data analysis followed an
intention-to-treat principle according to cluster allocation regard-
less of what occurred, with no account of protocol non-adherence.

Outcomes are reported as proportions, risk differences, and
risk ratios with 95% exact confidence intervals (CI). We ana-
lyzed treatment completion using mixed-effects logistic regres-
sion adjusted for calendar time with cluster as random effect,
according to the Hussey and Hughes model [23]. We analyzed
treatment initiation using Cox regression adjusted for calendar
time with cluster as a shared frailty factor [24]. Time at risk for
each participant was from the date of enrolment until the date
of treatment, death, or 6 months after enrollment, whatever
came first. Effect estimates are reported as adjusted odds ratios
(aOR) or adjusted hazard ratios (aHR), and superiority of the
intervention is claimed if a 2-sided P- value under the null hy-
pothesis is < .05 in favor of the intervention.

We performed subgroup analyses using intervention X
subgroup interaction according to pre-specified variables and
post hoc analyses of mortality using Cox regression. As robust-
ness analyses, we did a permutation test for the primary out-
come with 10000 random permutations of the cluster
allocation [25] and analyzed the secondary outcome using a
clustered sandwich estimator [26].

All analyses were performed using STATA 17 (College
Station, Texas, USA) with the sample size calculation using
the steppedwedge package [27].

RESULTS

Between 1 October 2019 and 31 December 2021, 200 individu-
als were enrolled in clusters of internal medicine (n = 107), ad-
diction medicine (n=65), and psychiatry (n=28). A total of
9241 HCV screening tests were performed over the 8 time pe-
riods of the trial (Supplementary Table 2). Of 341 HCV RNA
positive individuals identified, 141 (41.3%) were not included;
135 were not approached due to early discharge before poten-
tial enrolment, 6 were not willing to participate, whereas none
were ineligible due to ongoing HCV treatment or pregnancy/
breastfeeding (Figure 1). Despite stable screening activity, vire-
mic rates and enrollment rates declined during the trial
(Supplementary Figures 2 and 3).

Baseline characteristics were similar during intervention
and control conditions (Table 1) and throughout the trial
(Supplementary Table 3). The mean age was 47.4 years, the ma-
jority were male, and most had injected drugs in the previous
3 months. Liver cirrhosis was diagnosed in one-fifth of partic-
ipants, and hepatocellular carcinoma was detected in 9 partic-
ipants. Individuals enrolled in internal medicine were older and
had more comorbidities than those enrolled in addiction med-
icine and psychiatry (Supplementary Table 4). The spectrum of
discharge diagnoses is shown in Supplementary Table 5.

Treatment completion within 6 months (Table 2) was accom-
plished by 67 of 98 (68.4% [95% CI: 58.2-77.4]) during interven-
tion conditions and by 36 of 102 (35.3% [95% CI: 26.1-45.4])
during control conditions (risk difference 33.1% [95% CI: 20.0—
46.1]; risk ratio 1.9 [95% CI: 1.4-2.6]). In mixed-effects logistic
regression, the intervention was superior to standard of care
(aOR 4.8 [95% CI: 1.8-12.8]; P =.002) with no significant effect
of secular trends (aOR 1.0 [95% CI: .95-1.06]). Cluster effects
were moderate (SD 0.16 [95% CI: .01-1.69]) with an intra-cluster
correlation coefficient of 0.046 (95% CI: .005-.339). The permu-
tation test confirmed the result (P =.008).

Retention in care at 6 months was higher during intervention
than during control conditions but the difference was less
prominent at data lock (Supplementary Figure 4). Most received
pan-genotypic treatment with sofosbuvir/velpatasvir (55.3%) or
glecaprevir/pibrentasvir (26.2%), and one-half of treatments
during intervention conditions were self-administered without
aid from other services (Supplementary Table 6). Subgroup
analysis (Figure 2A) indicated a homogeneous intervention ef-
fect but with a signal that the intervention had a stronger impact
among those with unstable housing (interaction P =.004).

Treatment initiation within 6 months (Table 2; Supplementary
Table 6) was accomplished by 84 of 98 (85.7% [95% CI: 77.2—
92.0]) during intervention conditions and by 47 of 102 (46.1%
[95% CI: 36.2-56.2]), during control conditions (risk difference
39.6% [95% CI: 27.7-51.5]; risk ratio 1.9 [95% CI: 1.5-2.3]).
The hazard of treatment (Figure 3) was significantly higher during
intervention compared to control conditions (aHR 4.0 [95% CI:
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Figure 1.

Flow of clusters and participants in OPPORTUNI-C by intervention condition. Abbreviations: HCV, hepatitis C virus; ITT, intention to treat.

2.5-6.3]; P<.001) with no significant effect of secular trends
(aHR 1.0; 95% CI: .98-1.03). Robustness analysis confirmed the
result (aHR 4.0 [95% CI: 2.4-6.5]; P < .001). The intervention ef-
fect was homogeneous across subgroups (Figure 2B).

SVR >4 (Table 2) was documented in 60 of 98 (61.2% [95%
CI: 50.8-70.9]) during intervention conditions and in 66 of
102 (64.7% [95% CI: 54.6-73.9]) during control conditions
(risk difference —3.5% [95% CI: —16.9-9.9]; risk ratio 0.95
[95% CI: .76-1.2]). Failure to achieve SVR was largely explained
by loss to follow-up (ie, missing data) during intervention and by
lack of treatment during control conditions (Table 2). Among
141 participants with complete dispensation within data lock,
120 (85.1%) achieved SVR >4 (Supplementary Table 7).

Post hoc analysis of mortality (Supplementary Table 8)
showed that 24 participants (12.0%) died during the study pe-
riod. The main causes of death were liver-related (n = 7) or due
to end-stage renal disease (n = 6), and no deaths were related to
HCV treatment. Of 9 participants with hepatocellular

carcinoma, 6 were advanced cases who died within 2 months
after enrollment. There was a trend of higher mortality during
intervention (11.5/100 PY [95% CI: 6.3-19.2]) compared to
control conditions (4.8/100 PY [95% CI: 2.3-8.9]), but Cox re-
gression showed no significant effect of the intervention (aHR
2.0; 95% CI: .7-5.5; P =.19) and no significant effect of secular
trends (aHR 1.0; 95% CI: .93-1.1; P =.89).

DISCUSSION

Opportunistic HCV treatment among hospitalized PWID was
superior to a referral-based standard of care in terms of treat-
ment completion and treatment initiation. The results could
change clinical practice and health policy internationally and
should inform HCV elimination efforts among PWID.
Treatment efficacy was lower than in previous studies of
HCV treatment among PWID [3-9, 28]. Our results are
more in line with a recent trial from the United States,
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Table 1. Baseline Characteristics Summarized by Total and Intervention

Condition
Total Intervention Control
Variable (n=200) (n=98) (n=102)
Age, mean (SD) 47.4(12.7) 48.0 (13.0) 46.8 (12.5)
Age groups
20-29 21(10.5) 1(11.2) 10 (9.8)
30-39 40 (20.0) 6(16.3) 24 (23.5)
40-49 51 (25.5) 21(21.4) 30 (29.4)
50-59 52 (26.0) 3(33.7) 19 (18.6)
60-80 36 (18.0) 7(17.4) 19 (18.6)
Sex
Male 145 (72.5) 69 (70.4) 76 (74.5)
Female 55 (27.5) 29 (29.6) 26 (25.5)

Housing status

Rented/owned accommodation 124 (62.0) 64 (65.3) 60 (58.8)

Drug rehabilitation institution 10 (5.0) 7(7.1) 3(2.9)

Low-threshold institution 28 (14.0) 10 (10.2) 8(17.7)

Prison 1(0.5) 01(0) 1(1.0)

Homeless/on the street 37 (18.5) 17 (17.4) 0(19.6)
Source of income?

Part- or full-time job 26 (13.1) 14 (14.3) 12 (11.9)

Welfare pension 116 (568.6) 61 (62.9) 55 (54.5)

Social 52 (26.3) 20 (20.6) 32 (31.7)

Other 4(2.0) 2(2.1) 2 (2.0
History of injecting drug use

Yes 183 (91.5) 86 (87.8) 97 (95.1)

No 17 (8.5) 12 (12.2) 5(4.9)
Recent (past 3 m) injecting drug

use

Yes 121 (60.5) 58 (59.2) 63 (61.8)

No 79 (39.5) 40 (40.8) 39 (38.2)
Recent sharing of injecting

equipment®

Yes 34 (28.1) 13 (22.4) 21 (33.3)

No 54 (44.6) 30 (561.7) 24 (38.1)

Unknown 33(27.3) 15 (24.9) 18 (28.6)
Preferred injected drug®

Heroin 114 (64.8) 54 (64.3) 60 (65.2)

Amphetamines 51 (29.0) 25 (29.8) 26 (28.3)

Other/mixed 11 (6.3) 5 (6.0) 6 (6.5)
Current opioid agonist therapy

Yes 90 (45.0) 38(38.8) 52 (561.0)

No 110 (55.0) 60 (61.2) 50 (49.0)
Opioid agonist therapy drug®

Methadone 48 (53.3) 21 (55.3) 27 (51.9)

Buprenorphine 36 (40.0) 14 (36.8) 22 (42.3)

Buprenorphine-naloxone 2(2.2) 0(0) 2 (3.9)

Other 4 (4.4) 3(7.9 1(1.9)
Stage of liver disease®

Mild or no liver fibrosis 102 (52.0) 1(52.0) 51 (52.0)
Intermediate fibrosis 54 (27.6) 5 (25.5) 29 (29.6)
Compensated cirrhosis 21 (10.7) 4(14.3) 7(7.1)

Decompensated cirrhosis 19(9.7) 8(8.2) 11(11.2)
FIB-4 index, mean (SD)f 2.72 (595 2.85(7.69) 2.60 (3.43)

Hepatocellular carcinoma
Yes 9 (4.5)
191 (95.5)

5(56.1)
93 (94.9)

4(3.9)

No or not assessed 98 (96.1)

Table 1. Continued
Total Intervention Control
Variable (n=200) (n=98) (n=102)
Renal function
eGFR >60 mL/min/1.73 m? 188 (94.0) 89 (90.8) 99 (97.1)
eGFR 30-59 mL/min/1.73 m? 8(4.0) 6(6.1) 2(2.0)
eGFR <30 mL/min/1.73 m? 4(2.0) 3(3.1) 1(1.0)
HIV coinfection
Yes 6 (3.0) 3(3.1) 3(2.9
No 169 (84.5) 86 (87.8) 83 (81.4)
Not assessed 25(12.5) 9(9.2) 16 (15.7)
HBV coinfection (HBsAg+)
Yes 1(0.5) 1(1.0) 0 (0)
No 180 (90.0) 93 (94.9) 87 (85.3)
Not assessed 19 (9.5) 4(4.1) 15 (14.7)
HCV genotype
Genotype 1 47 (23.5) 16 (16.3) 31 (30.4)
Genotype 2 7 (3.5) 1(1.0) 6 (5.9)
Genotype 3 48 (24.0) 20 (20.4) 28 (27.5)
Genotype 4-6 6 (3.0) 2 (2.0) 4(3.9)
Not genotyped 92 (46.0) 59 (60.2) 33 (32.4)
Days of hospitalization, median 6 (3-13) 5(2-13) 7 (4-13)
(IQR)
Main discharge diagnosis
Drug related 93 (46.5) 39 (39.8) 54 (52.9)
Infectious diseases 33(16.5) 22 (22.5) 11(10.8)
Gastroenterology/hepatology 24 (12.0) 10(10.2) 14 (13.7)
Mental health 15 (7.5) 9(9.2) 6 (5.9)
Cardiopulmonary 14 (7.0) 8(8.2) 6 (5.9)
Alcohol related 7 (3.5) 4(4.1) 3(2.9)
Other 14 (7.0) 6 (6.1) 8(7.8)
Charlson comorbidity index
0-1 101 (50.5) 1(41.8) 60 (568.2)
2-3 43 (21.5) 0 (30.6) 13 (12.8)
4-5 33 (16.5) 6(16.3) 17 (16.7)
>6 23 (11.5) (11 2) 12 (11.8)
Charlson comorbidity index, mean 2.6 (2.3) 8 (2. 2.5(2.2)

(SD)
Numbers are shown as n (%) unless otherwise indicated. Missing values are excluded from
percentages.

Abbreviations: FIB-4, fibrosis-4; GFR, glomerular filtration rate; HBV, hepatitis B virus; HIV,
human immunodeficiency virus; IQR, interquartile range; SD, standard deviation.

“Missing data for 2 participants (1 intervention, 1 control).
5Among those with recent (past 3 m) injecting drug use.

°Among those with a history of injecting drug use; missing data for 7 participants
(2 intervention, 5 control).

9Among those with current opioid agonist therapy.

°Based on liver stiffness measurements in 86, FIB-4 index in 107, and imaging in
3 participants; missing data for 4 control participants.

fAmong 193 participants with an available FIB-4 index.

reporting rates of treatment initiation, completion, and SVR of
83%, 68%, and 61% in intention-to-treat analysis [29]. This
probably reflects the pragmatic features of both trials, enabling
recruitment of more marginalized individuals than in previous
studies. In the present study, failure to accomplish the primary
outcome was largely explained by loss to follow-up and delayed
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Table 2. Overview of Primary and Secondary Outcomes Summarized by Total and Intervention Condition

Total Intervention Control Risk Ratio
(n=200) (n=98) (n=102) Risk Difference (95% CI)

Primary outcome
Treatment completion within 6 months

N 103 67 36

% (95% CI) 51.5 (44.3-58.6) 68.4 (58.2-77.4) 35.3 (26.1-45.4) 33.1(20.0-46.1) 1.9(1.4-2.6)
Failure to accomplish completion, n (%)

Delayed treatment initiation 39 (19.5) 7(7.1) 32 (31.4) NA NA

Treatment discontinuation 13 (6.5) 10 (10.2) 3(2.9)

Short life expectancy or death 15 (7.5) 6 (6.1) 9(8.8)

Declined treatment 2(1.0) 1(1.0) 1(1.0)

Prolonged treatment 1(0.5) 1(1.0) 0(0)

Loss to follow-up 27 (13.5) 6(6.1) 21 (20.6)
Secondary outcomes
Treatment initiation within 6 months

n 131 84 47

% (95% ClI) 65.5 (58.5-72.1) 85.7 (77.2-92.0) 46.1 (36.2-56.2) 39.6 (27.7-51.5) 1.9 (1.5-2.3)
Treatment initiation within data lock

n 159 87 72

% (95% ClI) 79.5 (73.2-84.9) 88.8 (80.8-94.3) 70.6 (60.7-79.2) 18.2 (7.4-29.0) 1.3(1.1-1.5)
SVR >4

n 126 60 66

% (95% ClI) 63.0 (55.9-69.7) 61.2 (50.8-70.9) 64.7 (54.6-73.9) —-3.5(-16.9-9.9) 0.95 (.76-1.2)
SVR>12

n 104 51 53

% (95% ClI) 52.0 (44.8-59.1) 52.0 (41.7-62.2) 52.0 (41.8-62.0) 0.0 (-0.14-0.14) 1.00 (.77-1.3)
Failure to accomplish SVR >4, n (%)

Virologic failure 8 (4.0) 6(6.1) 2 (2.0 NA NA

Loss to follow-up (missing SVR data) 25 (12.5) 21 (21.4) (3.

No treatment 41 (20.5) 11(11.2) 30 (29.4)

Abbreviations: Cl, confidence interval; NA, not applicable; SVR, sustained virologic response.

treatments, and consistent with literature [3], rates of treatment
discontinuation were low. Although the benefit of early treat-
ment was limited by relatively low SVR, it could be explained
by a higher proportion of missing data during intervention
conditions.

The superiority of the intervention was driven by a consider-
ably shorter time to treatment during intervention conditions.
This is of clinical and public health significance because persist-
ing viraemia can lead to onward HCV transmission among those
with ongoing risk behaviors. Although treatment uptake was
slower during control conditions, it increased after the protocol-
specified 6 months follow-up and toward data lock. We observed
that these individuals had often been engaged in low-threshold
HCV treatment in the City of Oslo and had not received special-
ist care at the hospital outpatient clinics as planned. The inter-
vention effect may therefore be underestimated compared to
settings without access to similar low-threshold care.

Subgroup analysis also favored the intervention among the
most marginalized individuals. Notably, the intervention
seemed more effective among those with unstable housing.
For individuals at risk of loss to outpatient follow-up due to
homelessness (ie, lack of contact address), the intervention

may have enabled retention in care by linkage to low-threshold
facilities.

Despite stable screening rates, viremic rates declined in all
clusters during the trial, particularly following the COVID-19
pandemic. Due to the natural dominance of intervention obser-
vations arising from later calendar times inherent to the
stepped wedge design, the viremic prevalence was 50% lower
during intervention conditions than during control conditions.
Although the declining rates could be attributed to the pan-
demic, it may also reflect the marked decline in HCV RNA
prevalence reported among PWID in Oslo [30].

Mortality was higher than reported in previous HCV treat-
ment studies among PWID [3], which largely have comprised
of community dwelling individuals recruited from the outpatient
setting. Mortality was mainly driven by underlying chronic dis-
eases, reflecting recruitment of an acutely hospitalized and age-
ing population with a high prevalence of advanced liver disease
and renal disease. The potential trend in increased mortality dur-
ing intervention conditions could be explained by the small sam-
ple and 3 cases of suicide in the intervention group but also due
to recruitment of an increasingly marginalized population in a
period where Norway was approaching HCV elimination.
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Accomplished treatment completion, n (%)

Subgroup  Intervention Control Odds Ratio (95% CI)
Overall  67/98 (68.4) 36/102 (35.3) 4.8(1.8-12.8)
Age
20-34 12120 (60.0) 9/19 (47.4) 2.2(0.50-9.7)
3549  19/28(67.9) 15/45 (33.3) 5.9(1.6-21.9)
50-80  36/50 (72.0) 12/38 (31.6) 6.5(1.8-22.8)
Gender
Male  48/69 (69.6) 27/76 (35.5) 5.1 (1.8-15.1)
Female  19/29 (65.5) 9/26 (34.6) 4.2 (1.1-16.0)
Housing status
Stable  41/64 (64.1) 26/60 (43.3) 2.7(0.9-7.9)
Unstable ~ 26/34 (76.5) 10/42 (23.8) —————=s—— 212(48-932)
Recent injecting drug use
Yes 41/58 (70.7) 23/63 (36.5) 5.1(1.6-15.5)
No  26/40 (65.0) 13/39 (33.3) 4.4(1.3-15.6)
Current opioid agonist therapy
Yes 26/38 (68.4) 17/52 (32.7) 6.0 (1.8-20.5)
No  41/60 (68.3) 19/50 (38.0) 4.1(1.3-12.7)
Preferred injected drug
Heroin  36/54 (66.7) 20/60 (33.3) 45(1.5-13.8)
Amphetamines/mixed  21/31 (67.7) 11/32 (34.4) 3.4(0.9-12.7)
Liver cirrhosis
Yes  14/22 (63.6) 5/18 (27.8) 5.2 (1.1-24.9)
No  53/76 (69.4) 30/80 (37.5) 5.0 (1.7-14.2)
Charlson Comorbidity Index
0-1  28/41(68.3) 24/60 (40.0) 3.9(1.2-12.5)
22 39/57 (68.4) 12/42 (28.7) 6.0 (1.8-19.8)
Discipline
Internal medicine  36/57 (63.2) 12/50 (24.0) 5.3(2.0-13.6)
Addiction medicine  20/25 (80.0) 18/40 (45.0) 46(12-17.9)
Psychiatry ~ 11/16 (68.8) 6/12 (50.0) 2.1 (0.40-11.0)
T T T T T T T
0.5 1 2 4 6 8 12 20
Favors control Favors intervention >
B
Accomplished treatment initiation, n (%)
Subgroup  Intervention Control Hazard Ratio (95% CI)
Overall  84/98 (85.7) 471102 (46.1) —_— 4.0 (25-6.3)
Age
20-34  17/20 (85.0) 12119 (63.2) —_ = 25(1.2-5.5)
35-49  24/28(85.7) 18/45 (40.9) —_— 5.1(2.6-9.9)
50-80  43/50 (86.0) 17/38 (44.7) - 4.0(2.1-7.8)
Gender
Male  58/69 (84.1) 36/76 (47.4) — 36 (2.2-6.1)
Female  26/29 (89.7) 1126 (42.3) — 1 = 51(24-111)
Housing status
Stable  52/64 (81.3) 31/60 (51.7) —_— 27(1.6-4.7)
Unstable 32/34 (94.1) 16/42 (38.1) —t—a——— 6.8(35-13.1)
Recent injecting drug use
Yes  52/58 (89.7) 28/63 (44.4) D e — 4.6 (2.6-8.0)
No  32/40 (80.0) 19/39 (48.7) B — 3.3(1.8-6.1)
Current opioid agonist therapy
Yes 35/38 (92.1) 25/52 (48.1) —_— 42(24-74)
No 49/60 (81.7) 22/50 (44.0) —_— 3.8(2.1-6.9)
Preferred injected drug
Heroin  47/54 (87.0) 27/60 (45.0) B E— 3.9(2.2-6.9)
Amphetamines/mixed  26/31 (83.9) 15/32 (46.9) —_——— 32(1.6-6.7)
Liver cirrhosis
Yes  17/22(77.3) 8/18 (44.4) _ = 3.0 (1.2-7.1)
No 67/76 (88.2) 38/80 (47.5) —_— 4.3(2.6-7.0)
Charlson Comorbidity Index
0-1  37/41(90.2) 30/60 (50.0) —_— 41(24-72)
22 47/57 (82.5) 17/42 (40.5) —_— 3.9(2.1-7.5)
Discipline
Internal medicine  48/57 (84.2) 18/50 (36.0) —_— 5.1(2.8-9.2)
Addiction medicine 23/25 (92.0) 22/40 (55.0) —_— 3.6(1.8-7.2)
Psychiatry ~ 13/16 (81.3) 712 (58.3) 28(1.1-7.3)
T T T T T
0.5 1 2 3 4 6 10

Favors control

Figure 2. Subgroup analyses of (4) the primary outcome (treatment completion within 6 months) and (B) the secondary outcome (treatment initiation within 6 months).

Abbreviation: Cl, confidence interval.

Favors intervention ——

To our knowledge, this is the first controlled study to eval-
uate an opportunistic HCV treatment model among hospital-
ized individuals. Key strengths relate to the pragmatic features
of the trial, including (1) broad recruitment of marginalized
individuals, (2) the use of clinical infrastructures with mini-
mal research-specific frameworks, (3) extraction of routinely
collected data without the need for individual follow-up,

and (4) an intention-to-treat principle for data analysis.
Although the stepped wedge design is unconventional with
numerous methodological complexities, it is a pragmatic de-
sign considered appropriate for evaluation of health delivery
interventions with political, logistical, and statistical advan-
tages over an individual-randomized or a parallel cluster ran-

domized design [21].
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Number at risk
intervention = control 102
intervention = intervention 98

2 4 6
Time (months)
75 56 47
16 14 10
95% ClI 95% ClI
Control Intervention

Figure 3. Kaplan—Meier plot of time to treatment initiation. Red lines represent the proportion of participants in intervention conditions and blue lines represent the pro-
portion of participants in control conditions. Shaded areas indicate 95% confidence intervals.

Together, these features have ensured representativeness of
the study population, eliminated the impact of loss to follow-up
and generated optimal conditions for generalizability at a low
cost. Taken a step further, the approach could serve as a model
for addressing other health problems among PWID opportu-
nistically. However, the intervention relied on the unrestricted
access to DAAs across healthcare settings that is available in
Norway. Implementation would be more difficult in countries
where treatment access is restricted by health insurance autho-
rization and in countries where hospital formularies may be re-
stricted to selected medications.

The trial had several limitations. First, because recruitment
was done with study personnel and participants knowing the
treatment allocation, potentially influencing screening activity
and participation, the trial is at risk of selection bias between
the intervention conditions. Second, the stepped wedge design
is associated with potential confounding with time, an effect
that may have been augmented by the COVID-19 pandemic
and subsequent trial prolongation. However, we found no evi-
dence that underlying secular trends had influenced the inter-
vention effect. Third, the estimated effect sizes are imprecise.
This could have been improved by increasing the number of
participating clusters instead of increasing cluster size.
Finally, the primary outcome remains a proxy. However, our
data largely validate registry-based proxies as a pragmatic cor-
relate for cure in marginalized populations. Given that good re-
sults of DAA treatment have been shown with suboptimal
adherence [6, 31] or treatment shortened to four weeks [32],
we expect that high SVR rates have been achieved also among

those with missing data. Thus, virologic cure is probably under-
estimated among intervention participants.

In conclusion, we provide evidence that opportunistic HCV
treatment is superior to a referral-based standard of care
among hospitalized individuals. Hospitalizations should be uti-
lized for testing and treatment of HCV infection and the model
of care could represent a key strategy moving forward in the
global response to the HCV epidemic.
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