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Abstract

Background Hepatitis C (HCV) poses a major public health problem in the USA. While early identification is a critical
priority, subsequent linkage to a treatment specialist is a crucial step that bridges diagnosed patients to treatment,
cure, and prevention of ongoing transmission. Emergency departments (EDs) serve as an important clinical setting
for HCV screening, although optimal methods of linkage-to-care for HCV-diagnosed individuals remain unknown. In
this article, we describe the rationale and design of The Determining Effective Testing in Emergency Departments and
Care Coordination on Treatment Outcomes (DETECT) for Hepatitis C (Hep C) Linkage-to-Care Trial.

Methods The DETECT Hep C Linkage-to-Care Trial will be a single-center prospective comparative effectiveness
randomized two-arm parallel-group superiority trial to test the effectiveness of linkage navigation and clinician refer-
ral among ED patients identified with untreated HCV with a primary hypothesis that linkage navigation plus clinician
referral is superior to clinician referral alone when using treatment initiation as the primary outcome. Participants will
be enrolled in the ED at Denver Health Medical Center (Denver, CO), an urban, safety-net hospital with approximately
75,000 annual adult ED visits. This trial was designed to enroll a maximum of 280 HCV RNA-positive participants with
one planned interim analysis based on methods by O'Brien and Fleming. This trial will further inform the evaluation of
cost effectiveness, disparities, and social determinants of health in linkage-to-care, treatment, and disease progression.
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Discussion When complete, the DETECT Hep C Linkage-to-Care Trial will significantly inform how best to perform
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Introduction

Hepatitis C (HCV) is associated with significant mor-
bidity and mortality in the USA and abroad [1-3]. The
World Health Organization set a goal of eliminating
viral hepatitis as a public health threat by 2030 and lists
increasing HCV treatment as a key target of the elimi-
nation strategy [4]. Despite the high burden of disease
caused by HCV and the heightened global awareness of
the problem, many people living with HCV remain undi-
agnosed and therefore untreated [5]. Efforts to offer test-
ing more broadly and more often are a crucial first step
for increasing treatment. To that end, emergency depart-
ments (EDs) have been identified as key settings in which
to offer HCV testing to individuals who might not other-
wise interact with healthcare systems or be offered HCV
testing [6—10].

Once diagnosed, linkage-to-care is the next critical
component of the HCV care continuum (Fig. 1). Effec-
tive linkage-to-care has been a major challenge for ED-
based HCV testing with studies reporting linkage for
only 20-39% of those newly diagnosed [11, 12]. How-
ever, unlike HCV, many HIV testing programs have
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successfully implemented active linkage programs,
yielding successful linkage rates of well over 80% within
3 months of HIV diagnosis [13]. Linkage navigators
have been utilized in community-based HCV testing
programs, but while the role of navigation has been
described in these settings, the added benefit of a link-
age navigator above and beyond standard clinician
referral has not been evaluated in a prospective, com-
parative manner [14—16]. Additionally, the effective-
ness of navigators for people who inject drugs (PWID),
a traditionally under-treated population, has not been
assessed. Given that HCV is now curable with short
courses of well-tolerated, increasingly available medica-
tions, the critical elements to slowing the epidemic are
now HCV testing and effective linkage to care [17-19].
In high-volume ED settings, a linkage navigator may
improve laboratory follow-up results disclosure, post-
test counseling, linkage-to-care, and ultimately treat-
ment and cure.

The overall objectives of the Determining Effec-
tive Testing in Emergency Departments and Care
Coordination on Treatment Outcomes (DETECT) for
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Fig. 1 Natural progression of hepatitis C virus (HCV) infection (A) and the HCV care continuum (B). SVR, sustained virologic response 12 weeks of
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Hepatitis C (Hep C) study are to (1) compare the effec-
tiveness of two forms of HCV screening—non-risk-
based (nontargeted) and risk-based (targeted) HCV
screening (Screening Trial)— [20] (2) compare the
effectiveness of two forms of referral to treatment for
ED patients identified with HCV—linkage navigation
plus clinician referral versus clinician referral alone
(Linkage-to-Care Trial), (3) measure and compare
programmatic costs and project long-term clinical
outcomes, costs, and cost effectiveness of ED-based
HCYV screening and linkage-to-care (Cost Evaluation),
and (4) examine the effects of disparities and social
determinants of health on linkage-to-care, treatment
initiation, and treatment completion among patients
identified with HCV in the ED (Disparities and Social
Determinants of Health Evaluation).

This article describes the rationale and design for the
Linkage-to-Care Trial and is reported in accordance
with the SPIRIT Statement for clinical trials [21, 22].
The primary hypothesis for the Linkage-to-Care Trial
is that linkage navigation in addition to clinician refer-
ral will significantly increase the proportion of newly
HCV-diagnosed individuals who complete care vis-
its and initiate treatment when compared to clinician
referral alone. The protocol (Version 3.3, Date Febru-
ary 17, 2022) is provided in the Additional.

Methods

The DETECT Hep C Linkage-to-Care Trial has been
registered in ClinicalTrials.gov and will be reported in
accordance with CONSORT guidelines [23].
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Trial design

For this trial, we will perform a single-center prospective
randomized two-arm parallel-group superiority trial to
evaluate the effectiveness of two linkage-to-care strate-
gies for patients newly identified with untreated HCV
in the ED from the DETECT Hep C Screening Trial or
through an active surveillance process of previously
diagnosed patients (Fig. 2) [20]. Permuted block rand-
omization with two strata (i.e., those less likely to initiate
treatment: <40 years of age or active injection drug use
(IDU) [defined as IDU within 30 days of enrollment] or
those more likely to initiate treatment: >40 years of age
and without active IDU) and varying block sizes will be
used to minimize imbalance and to ensure appropriate
numbers of patients in subgroups.

Study setting

This study will be performed at Denver Health (Denver,
CO), a nationally recognized anchor institution, safety-
net hospital, and integrated health care system that
includes an acute care hospital and level I trauma center,
9 federally qualified community health centers, multiple
specialty clinics including hepatology and infectious dis-
eases, and the Public Health Institute at Denver Health.

Eligibility criteria

Patients eligible for this trial will include those who meet
criteria for inclusion in the DETECT Hep C Screen-
ing Trial and who test positive for HCV antibodies and
those seen in the ED with previously diagnosed untreated
active HCV confirmed in the electronic health record
(EHR). Exclusions will include the following: prisoners
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and individuals who live outside of Colorado (given fol-
low-up constraints), patients who speak a language other
than English or Spanish (as the interview for partici-
pants will only be available in English and Spanish), and
those who are pregnant (because HCV treatment is not
currently approved for pregnancy). Those who are rand-
omized with positive HCV antibody tests but have sub-
sequent undetected HCV RNA results will be excluded
from the study.

Interventions

This trial will consist of a comparative evaluation of two
forms of linkage-to-care among ED patients identified
with untreated HCV. The first intervention, clinician
referral, will serve as an “active control” and reference
standard of care. All individuals included in this arm
will be informed of their HCV antibody result by the ED
treating provider who will be prompted to confirm that
standardized language is included in discharge instruc-
tions as part of an automated after visit summary pro-
cess, including post-testing information and specific
follow-up guidance. Patients will also be instructed to
access their electronic patient portal for their RNA test
results or to call a designated results line. Patients with
untreated active HCV (i.e., previously detected HCV
RNA with no subsequent undetected RNA in their medi-
cal record) will receive tailored discharge instructions
specific for individuals identified as having previously
diagnosed but untreated HCV.

The second intervention, clinician referral plus link-
age navigation, will consist of an additional service
layered onto clinician referral and will incorporate pro-
tocols from Antiretroviral Treatment and Access Studies
(ARTAS), the most influential studies of HIV linkage-to-
care to date [13, 24]. Individuals allocated to this inter-
vention will be contacted by a linkage navigator either
during the ED visit (if during business hours) or the
following business day (if during non-business hours).
If the navigator does not meet with the patient at the
time of enrollment, he or she will offer to meet with the
patient in person or over the phone when convenient for
the patient. For all individuals in this arm, a structured
linkage navigation process will include (1) reiteration of
posttest counseling messages and (2) assessment of the
patient’s needs for medical insurance and substance use
disorder treatment referral; navigation will also include
(3) referral to an appropriate HCV treatment specialist
with assistance scheduling appointments, (4) coordina-
tion of appointments with an enrollment specialist, if
needed, (5) provision of social services (e.g., provision of
transportation vouchers and referral to health insurance
enrollment assistance, HIV care, local harm reduction
services, and mental health services), (6) coordination of

Page 4 of 9

appointment scheduling including rescheduling missed
appointments through the entire HCV treatment pro-
cess, and (7) contacting patients after appointments to
assess their understanding and any additional needs
regarding engagement in HCV care (see “Linkage-to-
Care Manual” in the Additional file 1).

Linkage navigators will undergo structured training
prior to the start of the trial and will provide follow-up
services for up to 18 months from the time of enrollment
with a minimum of three attempted contacts for patients
who are difficult to reach. For individuals who test nega-
tive for HCV RNA, linkage navigators will make no more
than three attempts to contact the patient to (1) deliver
and explain the RNA results, (2) discuss the risk of rein-
fection and future testing recommendations, and (3) pro-
vide resources for insurance enrollment and substance
use disorder treatment, as needed.

Allocation

Sequence generation, allocation concealment,

and implementation

Participants who meet criteria for inclusion will be strati-
fied into two groups (i.e., <40 years of age or IDU or > 40
years and no IDU) then randomly assigned using vari-
able block randomization for each stratum to one of the
two study arms. Sequence of random assignments will
be generated in SAS Enterprise Guide Version 7.1 (SAS
Institute, Inc., Cary, NC) and transferred into RED-
Cap (Vanderbilt University, Nashville, TN) for use with
enrollment. Integration of the randomization sequences
into REDCap will allow for concealed allocation as
research assistants will not be able to anticipate alloca-
tion. As such, patients who consent for participation will
be randomly assigned to one of the two study arms by a
research assistant.

Blinding

Participants and ED staff will understand the concep-
tual goals of the trial but will be blinded to the details
of the study hypotheses. Outcomes will be determined
using research staff blinded to study group allocation and
hypotheses.

Recruitment

Recruitment of participants will occur by trained
research staff during dedicated recruitment hours that
will vary from 7 a.m. through 10 p.m., 7 days a week. The
research team will work to optimize research staft cov-
erage to correspond with ED census but will also create
mechanisms to remotely screen and enroll. This includes
enrollment over the phone for patients who are eligible
for the trial but have already left the ED. These patients
may also choose to return to the medical campus for in
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person enrollment. Participants will receive a $25 gift
card for participation in the study.

Participant timeline

Primary research activities, including screening for par-
ticipation, consenting, and randomization by research
assistants will typically occur during the patient’s ED
visit, with an option for remote enrollment after the visit
as described above. Clinician referral and follow-up guid-
ance are standard procedure for all patients in the ED
with newly or previously diagnosed HCV. For those allo-
cated to the linkage navigation arm, a linkage navigator
will meet with the patient during the ED visit if during
standard business hours, or, if not during business hours
(e.g., evenings, nights, weekends, or holidays), will make
contact by telephone the next business day to facilitate an
appointment for subsequent care with an HCV treatment
specialist.

Outcomes

The primary outcome for this trial will be initiation
of HCV treatment within 12 months from the time of
enrollment for those with a positive HCV RNA test.
Secondary outcomes will include the following: (a) link-
age to an HCV treatment specialist within 12 months of
enrollment; (b) for individuals who report IDU, initia-
tion or continuation of substance use disorder services
within 12 months of enrollment; (c¢) completion of a
full course of HCV treatment with direct-acting antivi-
ral medicines (DAAs) within 18 months of enrollment;
(d) sustained virologic response 12 weeks (SVR12) as
measured by report of a negative HCV RNA test at
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least 12 weeks after completion of DAAs [17]; and (e)
all outcomes within 18 months of enrollment. Individu-
als without evidence of an HCV-associated visit within
18 months from ED diagnosis or ED visit will be con-
sidered not linked to care. All outcome measures will
be collected and verified via EHR review by trained
research assistants blinded to study allocation.

Sample size

The primary superiority hypothesis for this trial was
powered based on a conservative estimate of HCV
treatment initiation of 10% for clinician referral and
a hypothesized increase to 30% (absolute increase of
20%) for those allocated to the linkage navigation inter-
vention (Fig. 3). This trial was powered based on the
<40 years of age or IDU stratum to ensure adequate
power overall. As such, it was estimated that a mini-
mum of 140 participants (70 per arm) will be required
in each stratum for a total of 280 participants to
achieve a power of 80%, using an alpha of 0.0492 based
on methods for one interim analysis by O’Brien and
Fleming. Using the approach by O’Brien-Fleming, the
interim analysis will occur at the study’s halfway point,
after 140 total patients (approximately 35 per arm) have
been enrolled and outcomes data collected, and with
an effectiveness threshold of p <0.0054 for the primary
outcome. A non-binding futility threshold of p>0.5
will be used for the primary outcome. If the trial is not
stopped after the interim analysis, it will proceed to
enroll the full sample (280) with a significance effective-
ness threshold of p <0.0492.

70 participants per arm to achieve 80% power to
P identify an absolute increase in HCV treatment
initiation within 6 months (primary outcome) of
® 20% (from 10% to 30%) (cc=0.048 based on 1
planned interim analysis using methods by
O’brien and Flemming).
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Fig. 3 Sample size estimates for the DETECT Hep C Linkage-to-Care Trial



Rowan et al. Trials (2023) 24:63

Data collection

During this trial, an assessment of barriers and facilita-
tors to linkage to HCV care will be conducted through
use of an audio computer administered self-interview
(ACASI) offered to all enrolled patients after informed
consent has been obtained but before randomization.
ACASI has been shown to be a superior method for col-
lecting potentially sensitive information in an efficient
and anonymous format [25]. The survey will be offered
in English and Spanish and will collect the following data
for all enrolled patients: (1) ED visit information (unique
study identifier, date/time of the visit), (2) demographics
(age, gender, race, ethnicity, primary language), (3) payer
information (commercial, Medicare, Medicaid, self), (4)
detailed contact information, (5) details of randomiza-
tion, (6) clinician referral information, (7) HCV RNA
testing, (8) linkage navigation details, and (9) all outcome
measures. Data from (1) through (6) will be collected
prospectively by a trained research assistant during
enrollment, data from (7) will be collected retrospectively
by a trained research assistant, data from (8) will be col-
lected prospectively by the linkage navigator, and data
from (9) will be collected by a trained research assistant,
blinded to intervention allocation and distinct from the
research assistant who will perform enrollment. All ret-
rospective data collection will use structured methods.
In prior HIV studies, we have consistently obtained lon-
gitudinal follow-up for >90% of HIV-diagnosed patients
from the ED thus we anticipate collecting similarly high
HCYV follow-up data [26, 27].

Data management

Data will be entered into a secure electronic database
(REDCap, Vanderbilt University, TN) that will be devel-
oped to maximize valid data entry by including closed-
response entries and range restrictions [28]. Data will
then be transferred into native SAS format and cleaned
prior to performing analyses using the most current ver-
sion of SAS (SAS Institute, Inc., Cary, NC). The dataset
will be locked, and all analyses will be performed by the
study’s biostatistician in conjunction with the principal
investigators while blinded to study allocation.

Statistical methods

Analyses will be performed using the intention-to-treat
principle. Bivariate statistical tests will be used to com-
pare variables, including results from the ACASI surveys
between study groups. Given the randomized design, the
primary comparison will include the absolute percent-
age difference and risk ratio with 95% Cls for initiation
of HCV treatment (primary outcome) and will be tested
using chi-square or Fisher’s exact test. Kaplan-Meier
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and Cox proportional hazard regression will be used to
estimate associations between the interventions and
outcomes when modeled using time-to-event as an out-
come. One interim effectiveness analysis is planned and
will be performed by the study’s biostatistician while
maintaining blinding to study arm allocation. Using the
approach by O’Brien-Fleming, the interim analysis will
occur at the study’s halfway point, after 140 total patients
(approximately 35 per arm) have been enrolled and out-
comes data collected, and with an effectiveness threshold
of p<0.0054 for the primary outcome. A non-binding
futility threshold of p>0.5 will be used for the primary
outcome. If the trial is not stopped after the interim anal-
ysis, it will proceed to enroll the full sample (280) with
a significance effectiveness threshold of p<0.0492. The
unit of analysis will be the patient. Secondary analyses
will include comparisons of all other outcomes by study
arm with subgroup analyses for the stratum of individu-
als <40 years of age or PWID, age, gender, race, ethnicity,
income, and education level.

Additional secondary analyses were planned a priori
to evaluate disparities and the effects of social determi-
nants of health (SDoH) on linkage, treatment initiation,
and SVR12. Multivariable logistic regression analyses
will be used to estimate the associations between gen-
der and study outcomes while adjusting for confounders,
including but not necessarily limited to age, race, ethnic-
ity, housing status, HCV knowledge, and willingness to
engage in care. Additionally, effect modifiers (e.g., race,
ethnicity and gender, age and gender) will be evaluated.
The statistical approach will be variable centered and
will use hierarchical multivariable logistic regression to
estimate associations between SDoH characteristics and
linkage to care, treatment initiation, and SVR12. We will
use a theoretical framework and prior studies to inform
covariate selection to assess the relationships between
SDoH and the outcomes.

Although we do not anticipate significant missing data,
multiple imputation will be used in instances where
variables have >5% missingness. No adjustments will be
made for loss to follow-up as patients will be considered
not linked to care after 18 months from the time of entry
into the study.

Trial and data monitoring

In accordance with the National Institutes of Health
(NIH) and the primary funding agency, the National
Institute on Drug Abuse (NIDA), we have developed a
Data and Safety Monitoring (DSM) plan, and the princi-
pal investigators and core, Denver-based, research team
will maintain appropriate oversight and monitoring
of the trial’s conduct in its entirety. As this trial is not a
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phase 3 trial and it was determined to be minimal risk to
participants, no Data Safety Monitoring Board (DSMB)
was required for this trial. The DSM plan was approved
by the Colorado Multiple Institutional Review Board
(COMIRB) and NIDA prior to initiating enrollment.

The core Linkage team, consisting of one of the study
principal investigators, the Linkage-to-Care Trial project
coordinator, and the linkage navigators, will meet quar-
terly to review cases, ensure fidelity to the linkage pro-
tocols, and troubleshoot challenging linkage situations.
Data monitoring will be performed from the inception
of participant enrollment through follow-up as captured
in REDCap. The data manager will organize all data to
understand total screening and enrollment, inclusion and
exclusion criteria, consent, and study procedures associ-
ated with the interventions. Weekly study team meetings
will occur to review screening and enrollment. Outcomes
will be collected after each interim sample has been
enrolled in an effort to complete interim analyses, per-
formed by the study’s biostatistician.

Special considerations during the COVID-19 pandemic
This trial has enrolled participants during the COVID-
19 pandemic with enrollment suspended from March
13, 2020, through August 24, 2020, and from December
2, 2020, through January 29, 2021. Furthermore, dur-
ing the COVID-19 pandemic, linkage-to-care and some
healthcare visits transitioned to remote participant inter-
actions. In an effort to incorporate the effect of delayed
linkage-to-care and treatment initiation during the
COVID-19 pandemic, we extended the time frame for
which longitudinal outcomes will be collected from 12
months to up to 18 months, also modifying treatment
initiation to within 18 months of enrollment.

Research ethics approval, consent, and confidentiality
COMIRB serves as the institutional review board (IRB)
of record and approved this trial on December 17, 2017.
Participants will be enrolled in this trial after obtain-
ing verbal consent. We requested, and have obtained, a
waiver of documentation of written consent based on 45
CFR 46.117. We obtained a waiver of HIPAA authoriza-
tion for participants in this study. Data collected as part
of this project poses no more than a minimal risk of harm
to privacy.

Potential harms

Given the comparative effectiveness nature of this trial
and that all research components will be fully integrated
into standard care, the primary risks to patients included
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in this trial will be breach of confidentiality as all study
procedures will be performed as routine medical care in
the ED and as follow-up for those enrolled.

Protocol amendments
Through May 16, 2022, 15 protocol amendments have
occurred. See Protocol in the Additional file 1 for details.

Access to data and dissemination policy

The primary results of this trial will be reported in
accordance with CONSORT guidelines and published in
a peer-reviewed journal.

Discussion

When complete, the DETECT Hep C Linkage trial will
represent the only randomized clinical trial to compare
the effectiveness of different approaches to HCV linkage
to care from the ED and to attempt to quantify the added
benefit of a linkage navigator. Additionally, this trial will
provide data on HCV linkage to care for patients identi-
fied with untreated HCV in an ED setting, a unique and
promising venue for engaging patients with HCV. If link-
age navigation plus clinician referral yields at least a 20%
increase in HCV treatment initiation, this finding will
have significant implications for clinical settings where
HCYV rates are high and where the addition of an HCV
linkage navigator to hospital staff could yield major ben-
efits to the community by decreasing HCV prevalence.

Rationale for the head-to-head comparison performed
in this trial resulted from prior findings that clinician
referral from ED settings, while current standard of care
has limited effectiveness [9—-11]. The benefits of a linkage
navigator for HIV care after HIV diagnosis suggest that
extension of linkage-to-care approaches for HCV are
needed to facilitate treatment and, in turn, limit trans-
mission [13, 24]. Until now, no prospective comparative
evaluation of clinician referral to linkage navigation for
HCYV has been performed, particularly in an ED environ-
ment, and the findings will have important implications
for clinical practice.

Potential limitations of this trial include its perfor-
mance at a single academic medical center with expe-
rience performing infectious diseases screening in
the ED and with integrated linkage-to-care services
for HIV, but not HCV. While the navigation standard
work was developed using an interdisciplinary group of
programmatic and content experts and based on prior
processes related to HIV screening and other naviga-
tion programs, success of navigation may be limited
by complexities of navigating care for patients who are
socially and economically vulnerable. Furthermore,
secular trends related to the diagnosis and treatment of
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HCV may influence the numbers of patients identified
with active chronic HCV, which may limit the ability to
enroll, and conducting this trial during the COVID-19
pandemic has led to unanticipated delays and disrup-
tions, including varying trends in access to care and the
broader use of telehealth, which may also affect results.
Finally, although the hypothesized effect was influenced
by existing knowledge and content expertise, very lit-
tle prior data existed to inform the hypothesized effect;
therefore, depending on the true effect, this study may
be underpowered.

Trial status

Enrollment for this trial was initiated on November
20, 2019, with enrollment stoppage due to institu-
tional policies related to the COVID-19 pandemic from
March 13, 2020, through August 24, 2020, then again
on December 2, 2020, through January 29, 2021, at
which point enrollment resumed. The interim analysis
occurred on August 1, 2022, without meeting a stop-
ping rule. Complete enrollment is anticipated to finish
in 2023.
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The online version contains supplementary material available at https://doi.
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