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Abstract 

Background: Most people with opioid use disorder (OUD) never receive treatment. Medication treatment of OUD 
in primary care is recommended as an approach to increase access to care. The PRimary Care Opioid Use Disorders 
treatment (PROUD) trial tests whether implementation of a collaborative care model (Massachusetts Model) using a 
nurse care manager (NCM) to support medication treatment of OUD in primary care increases OUD treatment and 
improves outcomes. Specifically, it tests whether implementation of collaborative care, compared to usual primary 
care, increases the number of days of medication for OUD (implementation objective) and reduces acute health care 
utilization (effectiveness objective). The protocol for the PROUD trial is presented here.

Methods: PROUD is a hybrid type III cluster-randomized implementation trial in six health care systems. The inter-
vention consists of three implementation strategies: salary for a full-time NCM, training and technical assistance for 
the NCM, and requiring that three primary care providers have DEA waivers to prescribe buprenorphine. Within each 
health system, two primary care clinics are randomized: one to the intervention and one to Usual Primary Care. The 
sample includes all patients age 16–90 who visited the randomized primary care clinics from 3 years before to 2 years 
after randomization (anticipated to be > 170,000). Quantitative data are derived from existing health system admin-
istrative data, electronic medical records, and/or health insurance claims (“electronic health records,” [EHRs]). Anony-
mous staff surveys, stakeholder debriefs, and observations from site visits, trainings and technical assistance provide 
qualitative data to assess barriers and facilitators to implementation. The outcome for the implementation objective 
(primary outcome) is a clinic-level measure of the number of patient days of medication treatment of OUD over the 
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Introduction
Of the more than 2 million individuals in the United 
States with opioid use disorder (OUD), the vast majority 
do not receive treatment [1, 2]. Increasing treatment of 
OUD is critical, but not likely to be achieved unless it is 
provided in general medical settings in addition to spe-
cialty substance use treatment clinics [1, 3]. Buprenor-
phine and naltrexone are two FDA-approved medications 
with demonstrated efficacy for OUD, which can be pro-
vided in primary care (PC) settings [4, 5]. Although the 
use of medication treatment for OUD has increased over 
time, it reaches only 51% of privately insured patients 
with OUD [6], and merely 25% of Medicaid patients with 
OUD [7]. Most patients with OUD do not receive OUD 
treatment in PC [8, 9].

Substantial barriers to treating OUD in PC persist 
[10–14]. These include perceptions that treating OUD 
is out of the scope of PC practice, which lacks the time, 
resources, structure, and behavioral interventions 
required for OUD treatment [15]. Concerns are some-
times raised that PC cannot provide high quality OUD 
treatment [15]. Finally, many experts believe that pessi-
mism and stigma pose major, if often unspoken, barriers 
[12]. Clinicians express concern that patients with OUD 
are difficult and could overwhelm PC practices [15].

Effective strategies exist to successfully implement 
high quality care for treating OUD in medical settings. 
A recent review identified 6 models of OUD treatment 
in PC [16]. Successful models generally relied on team-
based approaches to address the above barriers. One 
of the models with the most support in the literature is 
the Massachusetts Collaborative Care Model [17–19]. 
The Massachusetts model (hereafter the “MA Model”) 
includes a full time OUD nurse care manager (NCM) as 
part of a team-based approach that shares care between 
the NCM and PC provider, with the nurse providing 
assessment, education, rapid access to medication, moni-
toring, and care coordination.

The MA Model has demonstrated effectiveness engag-
ing and maintaining PC patients in OUD treatment, as 

well as attracting new patients into PC for OUD treat-
ment [17, 18]. The model has been associated with high 
rates of persistent treatment at 12 months (51–67%) [17], 
and it is being tested in the recently funded and con-
gressionally-mandated HEALing Communities multi-
site trial [20]. However, the MA Model has been used 
predominantly in publicly-financed Federally Qualified 
Health Centers (FQHCs) in MA [17, 18, 21] and is not 
widely implemented outside MA. As implemented in 
FQHCs in MA [19], each NCM was expected to care for 
a panel of approximately 100 patients with OUD after 
full implementation, suggesting that the model could be 
cost-effective [18]. However, to date, other health systems 
have not made the upfront investment of hiring a full-
time NCM, as required by the MA Model. This highlights 
the need for evidence of the MA Model’s feasibility, effec-
tiveness and costs in other regions and across diverse 
health systems.

The PRimary care Opioid Use Disorder (PROUD) 
trial is testing whether implementing the MA Model 
in PC across six diverse health systems and regions can 
increase OUD medication treatment and secondarily 
improve outcomes of patients with OUD. The purpose of 
this report is to describe the PROUD protocol.

Methods
Objectives and hypotheses
The PROUD trial is a pragmatic, hybrid type III cluster-
randomized implementation trial [22], a design which 
includes both a primary implementation objective and 
a secondary effectiveness outcome. PROUD tests strat-
egies for implementing the MA Model in primary care, 
while secondarily evaluating the effectiveness of imple-
mentation for improving patient outcomes. The imple-
mentation objective (Objective 1; primary aim) is to test 
whether the MA Model, as compared to Usual PC in six 
diverse health systems, increases patient-days of medi-
cation treatment of OUD with either buprenorphine or 
extended release injectable naltrexone (XR-NTX) in PC, 
as documented in electronic medical records (EMRs) 

2 years post-randomization. The patient-level outcome for the effectiveness objective (secondary outcome) is days of 
acute care utilization [e.g. urgent care, emergency department (ED) and/or hospitalizations] over 2 years post-rand-
omization among patients with documented OUD prior to randomization.

Discussion: The PROUD trial provides information for clinical leaders and policy makers regarding potential benefits 
for patients and health systems of a collaborative care model for management of OUD in primary care, tested in real-
world diverse primary care settings.

Trial registration # NCT03407638 (February 28, 2018); CTN-0074 https ://clini caltr ials.gov/ct2/show/NCT03 40763 
8?term=CTN-0074&draw=2&rank=1

Keywords: Medication, Buprenorphine, Opioid use disorder, Primary care, Nurse care manager, Collaborative care, 
Pragmatic trial
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2  years post-randomization. The primary implementa-
tion hypothesis is that the number of patient days of 
medication treatment of OUD is significantly greater in 
clinics randomized to the PROUD intervention com-
pared to clinics randomized to Usual PC.

The effectiveness objective (Objective 2, powered sec-
ondary aim) evaluates whether the MA Model decreases 
acute care utilization in PC patients with OUD. The pri-
mary effectiveness hypothesis is that PC patients with 
documented OUD in the 3  years prior to randomiza-
tion who receive care in PROUD intervention clinics, 
compared to those who receive care in Usual PC clinics, 
have fewer days of acute care utilization (e.g., in urgent 
care, emergency department [ED] and/or hospital) in 
the 2 years after randomization. This effectiveness objec-
tive reflects whether the PROUD intervention decreases 
acute health care utilization, a proxy for improved patient 
health outcomes.

Other study objectives include: (1) evaluating whether 
sex and race/ethnicity modify the impact of the PROUD 
intervention; (2) testing whether the intervention 
improves other implementation or effectiveness out-
comes; and (3) identifying barriers and facilitators to 
implementation of the MA Model. In addition, since find-
ings from the developmental phase of PROUD (Phase 1, 
described below) suggested that the recruited clinics may 
not be typical, observational analyses compare recruited 
clinics to other non-recruited (i.e. non-randomized) 
Usual PC clinics in the same system at baseline. Finally, 
four health systems in PROUD Phase 1 had unique care 
models for OUD treatment that health system leaders 
thought might be equal or superior to the MA Model. 
Thus, observational analyses compare outcomes in the 
PROUD intervention clinics to outcomes in these “exem-
plar” PC clinics.

Overview of trial design
The PROUD trial is being conducted in six health sys-
tems across the United States (Fig. 1). These health sys-
tems were recruited from among 11 health systems that 
participated in Phase 1. For PROUD Phase 2—the trial 
described in this report—each participating health sys-
tem recruits two PC clinics willing to implement the 
MA Model, resulting in a total of 12 clinics across the 
six health systems. One of the two recruited PC clinics 
in each health system is randomly assigned to implement 
the MA Model, while the other is randomly assigned 
to continue Usual PC. The PROUD Data and Analytics 
Team obtains all quantitative data for sample identifica-
tion and measures solely from existing electronic health 
records (EHRs), which include but are not limited to elec-
tronic administrative data, patients’ EMRs, and/or elec-
tronic data on health insurance claims, during a baseline 

(pre-randomization) period and follow-up (post-rand-
omization) period. The PROUD Implementation Moni-
toring Team obtains qualitative data via: anonymous staff 
surveys at baseline and after the trial ends; stakeholder 
debriefs throughout the trial; and observations at site 
visits, trainings, and technical assistance (TA) through-
out the trial. The PROUD trial leadership structure and 
teams are depicted in Additional file  1: Appendix S1; 
staff surveys and implementation monitoring tools are 
provided in Additional file  2: Appendix S2, Additional 
file  3: Appendix S3 and Additional file  4: Appendix S4. 
An independent, commercial Institutional Review Board 
(IRB) approved the study including providing waivers of 
consent and HIPAA authorization; all sites ceded to it.

Conceptual framework
The PROUD Trial design is guided by the Practi-
cal, Robust Implementation and Sustainability Model 
(PRISM) framework for implementation, [23] which 
combines domains that impact the success of implemen-
tation. It includes four domains of barriers and facilita-
tors to implementation: (1) the PROUD intervention, 
and how it interacts with recipients of the intervention; 
(2) the recipients of the intervention, including patient, 
clinician, and organization; (3) the implementation and 
sustainability infrastructure of the health system, includ-
ing quality improvement teams, as well as space and 
EMR; and (4) the external environment, including regu-
latory policies, healthcare financing, and national qual-
ity measures [23]. These domains guide qualitative data 
collection by the PROUD Implementation Monitoring 
Team (See Data Sources). The PRISM’s outcome domains 
that reflect the success of implementation are contained 
within the RE-AIM framework: Reach, Effectiveness, 
Adoption, Implementation fidelity, and Maintenance of 
the intervention [24–26]. The first four RE-AIM domains 
guide selection of PROUD outcome measures.

Developmental phase: PROUD Phase 1
The Developmental Phase of PROUD (Phase 1) lasted 
from January 2017 to November 2017. Objectives for 
Phase 1 were to select health systems that could obtain 
institutional support for the trial and demonstrate the 
feasibility of data collection. Phase 1 included 11 health 
systems from across the country that indicated they 
could provide the required data and possibly obtain per-
missions for participation in the main trial. From Janu-
ary to March 2017, lead investigators in the 11 Phase 1 
health systems (“Site PIs”) worked to engage their health 
system leaders to assess whether the health system would 
be willing to participate in the PROUD trial. Six of the 
11 Phase 1 sites were able to obtain the required support 
from all levels of their health systems within the required 
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timeframe. Other activities during Phase 1 included 
preparation for data collection (e.g., development of 
measures and a data dictionary to create common data 
fields from the EMR and insurance claims data across 
the health systems) and obtaining approval of the NIDA 
National Drug Abuse Treatment Clinical Trials Net-
work Data and Safety Monitoring Board. As above, one 

important finding of Phase 1 was that many clinics were 
unable to participate due to lack of leadership or PC pro-
vider support; consequently observational analyses were 
planned comparing recruited clinics to non-recruited 
(i.e. non-randomized) clinics in the same system at base-
line. Another important finding of Phase 1 was that four 
health systems included PC clinics with unique models of 

Fig. 1 Schematic of PROUD study
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OUD care (“exemplar” hereafter) that health system lead-
ers felt were potentially as—or more—effective than the 
MA Model tested in the PROUD trial. As a result, obser-
vational analyses were also added to compare outcomes 
in the four exemplar clinics to outcomes in the six sites 
randomized to the PROUD intervention (Phase 2).

Site selection for PROUD trial
Health systems were eligible for the PROUD trial based 
on: (1) health system and clinic leaders providing letters 
of support agreeing to participate in the trial, (2) hav-
ing two adequately-sized PC clinics (i.e., approximately 
10,000 unique patients with visits in a year) willing to par-
ticipate by integrating a NCM into their clinic, (3) hav-
ing at least three PC providers in the clinic willing to be 
waivered to prescribe buprenorphine, (4) a demonstrated 
ability to obtain the data necessary for the PROUD out-
come measures—specifically days of treatment with 
medication for OUD and acute care utilization, (5) abil-
ity to meet all data sharing and regulatory requirements, 
(6) geographic, demographic and health system diversity, 
and (7) clinics not in close proximity to reduce cross-over 
potential. The six health systems selected included: two 
integrated insurance and delivery systems (Henry Ford 
Health System, MI; Kaiser Permanente [KP] Washing-
ton, WA), a community health system (Multicare Health 
System, WA), two university affiliated safety-net health 
systems (Harris Health System, TX; Montefiore Health 
System, NY), and a university-affiliated health system 
(University of Miami Health System, FL). For purposes 
of the trial, a “clinic” could be a cluster of two to three 
nearby smaller clinics that would function as a unit, shar-
ing the NCM if randomized to the PROUD intervention. 
Three of the 12 recruited clinics are a cluster of two clin-
ics (hereafter referred to simply as “clinics”).

Phase 2: PROUD trial timeline
The PROUD trial includes three study periods: (1) 
startup; (2) intervention period (24 months); and (3) final 
data collection, analyses and dissemination (18 months).

• Startup period Start-up lasts from November 2017–
February 2018 and includes arranging contracts and 
data use agreements with each health system, obtain-
ing approval from a central IRB for all health systems, 
and preparing for randomization.

• Intervention period The 2-year intervention period 
(3/1/2018–2/29/2020) begins with randomization 
on 2/28/2018. The intervention period includes an 
estimated 6 months required to hire, onboard, and 
train a NCM, leaving about 18 months remaining for 
the NCM to support OUD treatment in the PROUD 
intervention clinic. During this period the Data and 

Analytics Team extracts limited datasets from the 
EMR and insurance claims data four times for reports 
to the Data and Safety Monitoring Board (with health 
systems deidentified) and refinement of data speci-
fications and measures, while the Implementation 
Monitoring Team conducts both formative evalua-
tion and qualitative data collection (described below).

• Final data collection and analysis Final trial data 
collection, cleaning, and analysis of the main and 
secondary trial outcomes occur in the 18  months 
(3/1/2020–8/31/2021) after the intervention period 
ends.

Overview of the MA Model
The MA Model is a team-based, collaborative care 
approach that uses a full-time clinic-based NCM to inte-
grate medication treatment of OUD into PC [17, 18]. 
The model is one of shared care between the NCM and 
the PC providers who prescribe OUD medications, in 
which agreed upon protocols, per the MA Model Office 
Based Addiction Treatment (OBAT) manual [27], allow 
the NCM to provide much of the routine care, with the 
provider’s role focused on diagnosis and treatment deci-
sions, including referral to specialty addictions care 
when appropriate. The role of the NCM includes con-
necting with health system departments, hospitals, and 
community services so they can refer patients to PC for 
OUD treatment; assessment and support and engage-
ment of patients seeking OUD treatment; coordinating 
with insurance plans; providing rapid access to intake 
assessments; coordinating prescriber visits to diagnose 
and prescribe buprenorphine or XR-NTX; support for 
medication initiation; monitoring and coordinating pre-
scriptions refills for stable patients; checking the state 
Prescription Drug Monitoring Program; coordinating 
with outside agencies monitoring treatment; and moni-
toring urine drug tests. Although each health system 
chose how to use urine drug tests as part of care for 
OUD, in general, urine drug tests were used at the initial 
assessment of new patients and for monitoring during 
treatment to help guide clinical care. In the MA model, 
urine drug tests serve as a clinical tool in treating patients 
with OUD, allowing the NCM to have a conversation 
with patients and, when urine drug tests are positive or 
unexpected, allows the NCM to offer more support (e.g. 
increased frequency of visits), provide other tools or link 
to additional services, or talk about fentanyl, a “criti-
cal lab value,” which patients may not know was in their 
drug supply. The NCM role allows the PC provider to 
treat OUD in the normal flow of PC and minimizes addi-
tional workload. The NCM becomes an expert in OUD 
treatment and also plays an educational role to overcome 
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barriers to OUD treatment both within the clinic and 
in the larger health system, with a focus on decreasing 
stigma by using non-stigmatizing language and normal-
izing OUD treatment in PC [17, 18, 28].

The PROUD trial intervention
The PROUD trial intervention consists of three strate-
gies to implement the MA Model: (1) providing funding 
and guidance to hire a NCM; (2) training and TA for the 
NCMs; and (3) PC provider training and mentoring. Fur-
ther details of the three strategies are provided in Table 1. 
Formative evaluation [29] of implementation through-
out the trial assesses whether barriers and/or facilitators 
necessitate refinements to implementation strategies.

PROUD comparison condition: usual primary care
Clinics randomized to Usual PC do not receive any 
resources or support from the study. Usual PC clinics are 
free to improve OUD treatment in any way they choose, 
but they are asked not to use the OBAT manual from 
Boston Medical Center to replicate the PROUD inter-
vention in the Usual PC clinic. Usual PC is selected as 
the appropriate comparator because most PC clinics do 
not currently offer or have programs to support OUD 
treatment [16], but this could change as health systems 
respond to the opioid crisis.

Primary care clinics used in observational comparisons
Non‑recruited PC clinics
In order to assess whether the recruited (randomized) 
PROUD clinics differ from other PC clinics in the same 
system, all health systems in the PROUD trial were asked 
during Phase 1 if they could also provide the same EHR 
data needed for the trial, for four additional non-recruited 
PC clinics. Five health systems were able to provide such 

data; four eligible non-recruited PC clinics were selected 
for each of those 5 systems (Fig. 1).

Exemplar PC clinics
There are four exemplar clinics, two in systems partici-
pating in the PROUD trial (Montefiore and KP Wash-
ington) and two from other health systems from Phase 
1 (KP Northwest and KP Colorado). In Montefiore and 
KP Washington, care for OUD had been implemented 
into routine care in one or more PC clinic(s), at a dis-
tance from the PROUD intervention clinics, with all or 
most PC providers prescribing buprenorphine; the larg-
est in each system is chosen as the exemplar clinic. In KP 
Northwest and KP Colorado, a specialty addiction treat-
ment program with features designed to lower barriers to 
OUD care, located in the same building or near a large 
PC clinic, is selected as the exemplar PC clinic (Fig. 1).

Randomization
Randomization (1:1) is at the level of the PC clinic 
(n = 12), stratified by health system. As a result, six clinics 
(one clinic per health system) are assigned to the PROUD 
Intervention condition and six clinics (one clinic per 
health system) are assigned to the Usual PC condition.

Ethical considerations
Waivers of informed consent and HIPAA Authoriza-
tion are obtained for this study consistent with the three 
requirements of pre-2018 regulations (45 CFR 46.116(d)
(3) [31]. These are appropriate because: (1) health system 
leaders and clinicians are implementing the MA Model in 
their system as part of improvements in clinical care; (2) 
risks are minimal when using secondary data with appro-
priate privacy safeguards, as in observational studies, 
without any contact between research staff and patients; 
and (3) the critically important questions about how to 

Table 1 The PROUD intervention: three implementation strategies

(1) Providing funding and guidance to hire a NCM The PC clinic is provided funding for 1.0 Full Time Equivalent salary for a NCM for 2 years. The clinic lead-
ers and health system then recruit, hire, and onboard a full-time NCM. Of note, although the PROUD trial provides financial support for the NCM salary 
and support for training and TA for the NCMs, health system leaders, not researchers, implement the MA Model in the intervention clinic. Further, the 
health system and its clinicians provide all clinical care to patients

(2) Training and ongoing technical assistance (TA) A TA team at Boston Medical Center provides training before the NCMs begin seeing patients and 
subsequent, ongoing support. This TA support includes training, an OBAT manual [27], a weekly videoconference to support and coach PROUD NCMs, 
and one-on-one consultation for questions as needed. The TA team’s OBAT nurses train the site NCMs in Boston for approximately 1.5–2 days. Train-
ing includes both didactic sessions and “shadowing” experienced NCMs while they provide care for patients with OUD. After each NCM is trained, a 
member of the TA team makes an in-person site visit to that intervention clinic offering training to all PC staff and meeting with the team providing 
PC OUD treatment. The weekly videoconferences consist of checking in with the NCMs about their patients, with a focus on problem-solving patient-, 
clinic- and system-level challenges, didactics on common challenges, and modeling of non-stigmatizing language and patient-centered care. A 
second site visit is optional to address challenges at the nursing level

(3) PC providers trained and mentored At least three PC providers are required to agree to prescribe buprenorphine, obtaining training and a Drug 
Enforcement Administration (DEA) waiver if not already waivered. Each PC prescriber is also asked to identify a mentor who can either be a local 
addictions expert in their health system or a mentor from a national program of voluntary mentors through the Providers Clinical Support System 
[30]. The TA team facilitates engagement between buprenorphine prescribers and their mentors during the site visit(s)
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implement improved OUD treatment in PC could not 
practicably be answered without such waivers because 
recruiting patients and requiring provision of informed 
consent would result in a biased sample, compromis-
ing scientific validity of the assessment of the clinic-level 
intervention. A Data Safety Monitoring Board approved 
the protocol. All protocol modifications are approved 
by the IRB—and if important summarized on clinical-
trials.gov. The PROUD study has no interim stopping 
guidelines.

Samples
PROUD trial
The PROUD sample includes PC patients age 16–90 years 
old with at least 1 in-person visit to a participating PC 
clinic (n = 12) from 3 years before to 2 years after rand-
omization. The total sample of PC patients in the trial is 
anticipated to be over 170,000 across the 12 clinics in the 
six health systems. The main implementation objective 
(primary outcome of days of OUD treatment) is assessed 
in the full study sample of all PC patients with visits dur-
ing the intervention period (from randomization to trial 
end). The main effectiveness objective (days of acute care 
utilization) is evaluated in the subsample of PC patients 
who have documentation of an OUD diagnosis in their 
EHR data up to 3 years prior to randomization.

Samples for observational analyses of non-recruited 
Usual PC clinics and exemplar clinics parallel the main 
trial sample inclusion criteria for implementation or 
effectiveness outcomes.

Data sources and collection
Quantitative data sources available for all PC clinics 
in the trial
All quantitative measures for randomized, non-recruited 
Usual PC, and exemplar clinics are secondary data ascer-
tained from EHRs—health system administrative data-
bases, EMRs, and insurance claims—with insurance 
claims only available from two sites that provide health 
insurance for some of their patients. Data domains 
include demographics, diagnoses, outpatient medication 
orders for medications of interest [(OUD treatments, 
naloxone, opioids, sedative hypnotics, stimulants, anti-
depressants, muscle relaxants, and medications to treat 
human immunodeficiency virus (HIV), Hepatitis C virus 
(HCV), alcohol use disorder (AUD), and neuropathy)], 
pharmacy dispensing data (if available), procedures, 
select laboratory tests including urine drug tests and 
HCV and HIV related laboratory tests, health care utili-
zation, and deaths documented in EHRs. Final data col-
lection occurs 7 months after the end of the trial, allowing 
6 months for the lag in insurance claims data (two health 
systems). The Data Safety Monitoring Board reviews data 

collected, including safety data (e.g. overdose) approxi-
mately every 6 months. Data quality checks and informa-
tion on data management, storage and security can be 
obtained from the lead investigator. If the intervention 
increases OUD treatment, funding for an ancillary study 
of the impact on mortality will be sought, including data 
from the National Death Index (NDI).

Data available only from PROUD intervention clinics
The NCM provides weekly counts of patients to the TA 
team as part of ongoing weekly support, and these data 
are also provided to the Implementation Monitoring 
Team. Each week the NCM sends counts of the follow-
ing: the number of new patients the NCM talked to about 
treatment; the number of full OUD intake assessments; 
the number of patients who newly started treatment, 
were re-engaged, or who transferred OUD care to the 
intervention clinic (i.e. had already started medication 
treatment for OUD elsewhere); the number of scheduled 
follow-up and walk-in patients seen; the number of XR-
NTX injections given; the number of no shows for sched-
uled NCM visits, and the number “discharged” (screened 
but never started on medication, incarcerated, trans-
ferred to higher level of care, lost to follow-up, deceased, 
or discharged due to administrative or medical reasons). 
From these data, weekly summary counts of total number 
of patients ever managed by the NCM and total number 
of patients in treatment currently at each intervention 
clinic are shared with Site PIs, the Implementation Moni-
toring Team, and trial leadership.

Anonymous PC staff survey
An anonymous survey of PC staff in PROUD interven-
tion and Usual PC clinics is conducted at baseline and 
after the end of the trial. This survey asks each staff mem-
ber for their role and years in practice (generally and in 
the clinic), and includes eight questions about the appro-
priateness of, feasibility of, and attitudes toward treating 
OUD in their PC clinic (Appendix S3).

Qualitative data source: ongoing implementation 
monitoring
An Implementation Monitoring Team holds weekly 
meetings to identify barriers and facilitators to imple-
mentation across four domains: intervention; recipients 
(patients, clinicians, staff, and leaders); healthcare infra-
structure; and the external environment [23] to inform 
any adaptations to the intervention strategies to enhance 
implementation (i.e., formative evaluation) and collect 
contextual data to support interpretation of trial results. 
The Implementation Monitoring Team includes four 
study team members from the lead investigative team, 
including the lead investigator.
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Qualitative data from all PROUD clinics To understand 
the full context of OUD care at each clinic (intervention 
and control), the Site PI(s) and project manager at each of 
the six health systems conduct formal interviews with key 
informants in their health systems at baseline and then 
every 6 months (Appendix S2; Appendix S4). These inter-
views cover four qualitative domains of the PRISM [23] 
model—(1) the intervention itself, (2) recipients of the 
intervention including the health system—organizational 
characteristics, leaders, managers, staff and patients, (3), 
implementation and sustainability infrastructure and (4) 
external environment [23]. Once the site PI(s) and pro-
ject manager in each health system have completed their 
key informant interviews, the Implementation Monitor-
ing Team debriefs the Site PI(s) and project manager on 
what they learned from their interviews with regard to 
potential barriers and facilitators to OUD treatment and 
implementation, and monitor changes over time related 
to the context of implementation and care for patients 
with OUD in each health system. Parallel assessments of 
OUD care and other contextual factors are also conducted 
for exemplar clinics.

Qualitative data on intervention clinics only The Imple-
mentation Monitoring Team also collects qualitative 
data specific to the intervention clinics to understand the 
implementation and its recipients, as well as for formative 

evaluation. Data sources include: observations of NCM 
trainings in Boston, the TA team’s site visit(s) to interven-
tion clinics, and weekly TA team videoconference calls 
with the NCMs; bi-monthly to monthly debriefs with the 
TA team to review facilitators and barriers from all sites; 
review of email communications using a central study 
email box for all trial-related communication, site debriefs 
with Site PIs and project managers including periodic 
“all-site” phone meetings (initially weekly and decreasing 
frequency over the trial) and ad hoc or scheduled debriefs 
with a single site. These qualitative data are used as part 
of formative evaluation to provide feedback at weekly 
leadership meetings leading to discussions about whether 
refinements or adaptations of the three implementation 
strategies are needed.

Measures
Objective 1: implementation outcome—patient days of OUD 
medication treatment
The number of patient days of medication treatment 
of OUD documented in the EMR in each clinic in the 
2  years post-randomization is the primary outcome 
(Table  2). To account for varying clinic sizes, the out-
come is divided by the number of patients seen in the 
clinics during that time period and then multiplied by an 
appropriate scaling factor in order to report the results 
(e.g., multiplying by 10,000 to calculate the number of 

Table 2 Primary, secondary, and other outcomes measured during the 2 years post-randomization based on EHR data, 
as entered into clinicaltrials.gov

a Initiation of buprenorphine and XR-NTX in the context of PROUD trial outcome measures refers to an order for OUD medication treatment post-randomization with 
no treatment with these medications in the prior 365 days

Outcome measures

 Objective 1. Patient-days of OUD medication treatment (primary outcome) Clinic-level number of patient-days of OUD treatment with buprenorphine 
and XR-NTX documented in the EHR during the period from randomization until 2 years after, reported per 10,000 PC patients in the clinic in the 2 
years post-randomization

 Objective 2. Acute care utilization (secondary outcome) Patient-level number of days of acute care utilization during the period from randomization until 
2 years after, among patients with an OUD diagnosis documented in the EHR in the 3 years prior to randomization

Other outcome measures of implementation

 Newly diagnosed OUD (implementation reach) Clinic-level number of patients with a new International Classification of Disease (ICD) code for OUD 
documented in the EHR during the period from randomization until 2 years after who did not have an OUD diagnosis documented in the EHR in 
the 3 years prior to randomization, reported per 10,000 patients in the PC clinic in the 2 years post-randomization

 Initiationa of OUD treatment (implementation reach) Clinic-level number of patients who initiate: (1) buprenorphine or (2) XR-NTX with an OUD diagno-
sis as documented in the EHR during the period from randomization until 2 years after, reported per 10,000 PC patients in the clinic in the 2 years 
post-randomization

 Retention in OUD treatment (implementation fidelity) Clinic-level number of patients  initiatinga OUD treatment during the period from randomization 
until 2 years after randomization as documented in the EHR, who also receive OUD treatment on 80% of days available after initiation reported per 
10,000 PC patients in the clinic in the 2 years post-randomization [34]

 Naloxone prescribing (implementation fidelity) Patient-level number of prescriptions of naloxone for overdose management in the period from randomi-
zation until 2 years after, among patients with an OUD diagnosis in the 3 years prior to randomization

Other outcome measures of effectiveness

 Urgent care or ED use Patient-level number of visits to urgent care or EDs during the period from randomization until 2 years after, among patients with 
an OUD diagnosis documented in the EHR in the 3 years prior to randomization

 Inpatient days hospitalized Patient-level number of days hospitalized during the period from randomization until 2 years after, among patients with an 
OUD diagnosis documented in the EHR in the 3 years prior to randomization
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patient days of OUD treatment per 10,000 patients), 
and reported as patient-years of treatment provided by a 
clinic (calculated by simply dividing days of OUD treat-
ment by 365). This measure was selected as the primary 
outcome because: it reflects both initiation and retention 
and thus both access and quality; it is continuous and 
therefore maximizes statistical power in a study with a 
small number of clusters; and it can be estimated in the 
entire sample of PC patients to avoid identification bias 
[32].

Medication treatment for OUD includes buprenor-
phine formulations that are FDA approved for OUD or 
XR-NTX; methadone is not included since data from 
methadone opioid treatment programs (OTPs) are not 
available in EMRs and most of the health systems do not 
have data on methadone OTPs. An OUD diagnosis for 
buprenorphine is not required because Phase 1 analyses 
revealed OUD diagnoses are sometimes missing, con-
sistent with the literature [7], and an OUD diagnosis is 
more likely to be documented for patients in Intervention 
compared to Usual PC clinics, so that requiring an OUD 
diagnosis could bias findings toward favoring the inter-
vention. Since XR-NTX is also FDA-approved for AUD, 
when both OUD and AUD are documented, XR-NTX is 
considered OUD treatment if the number of documented 
OUD diagnoses are about equal to AUD (i.e. within two). 
Medication orders from EMRs are the basis for the pri-
mary outcome. This outcome measure was selected 
because not all sites had data on medication dispens-
ing from pharmacies or insurance claims for contracted 
OUD treatment in their EHRs, and the trial requires an 
outcome that is comparable across all sites. However, 
pharmacy dispensing data and insurance claims and 
other EHR data, when available, are used for secondary 
measures.

Objective 2: main effectiveness outcome—days of acute care 
utilization
Acute care utilization, a count measure of the number 
of days of acute care utilization in the 2 years after ran-
domization, is the secondary outcome. It is the sum total 
of visits to urgent care clinics (not same day appoint-
ments in PC) and emergency departments (EDs), and 
days hospitalized. This outcome was selected because ED 
and hospital care are widely available proxy measures for 
adverse outcomes of OUD, hypothesized to improve in 
patients with OUD who receive timely medication treat-
ment, and less susceptible to documentation biases than 
specific diagnoses (e.g., overdose).

Other outcomes
Other pre-specified outcomes for implementation and 
effectiveness based on EHR data are shown in Table 2 [33]. 

Additional exploratory and explanatory measures, planned 
both a priori or during the trial prior to data cleaning and 
locking of the database, are outlined in the final Statistical 
Analysis Plan (available from authors).

Analyses
Qualitative analyses
Implementation-focused formative evaluation [29] is con-
ducted throughout the trial to assess whether the three 
implementation strategies—salary for a NCM, TA and 
three PC providers obtaining training and DEA waivers for 
buprenorphine treatment—needed any refinement. Forma-
tive evaluation uses qualitative data on observed barriers 
and facilitators from each site, and iterative discussions 
among trial leaders, to arrive at any decisions about refine-
ment of implementation strategies.

To provide context for interpretation of quantitative 
findings, the Implementation Monitoring Team also iden-
tifies barriers and facilitators to implementation using a 
rapid coding process [35] as in prior studies [36]. This cod-
ing process consists of four steps. First, at the end of the 
study the Implementation Monitoring Team members 
each identify up to 10 important barriers and facilitators 
of implementation for each health system. Second, after 
discussion, the Implementation Monitoring Team arrives 
at a consensus regarding key barriers and facilitators for 
each site. Third, results for each site are shared with stake-
holders (the NCM, Site PIs and Site project managers, and 
the TA team), for feedback on appropriate representation 
of context and revised accordingly. Finally, barriers and 
facilitators are categorized into the PRISM’s four domains 
described above: (1) intervention; (2) recipients—patients, 
clinicians, managers, staff and organizational leaders; (3) 
health system and clinic implementation infrastructure; 
and (4) external environment [23].

Statistical analysis
Objective 1: main implementation objective (primary aim)
Main analyses are based on intent-to-treat (“per randomi-
zation”), and compare PROUD intervention and Usual PC 
clinics regarding the clinic-level number of patient-days of 
medication treatment of OUD (per 10,000 patients seen) 
over the 2 years after randomization. Analyses fit a mixed-
effect model to account for correlation of outcomes from 
the pair of clinics from the same health care system,

where yij is the primary outcome measure for clinic i at 
health care system j , trtij is the treatment indicator (for 
PROUD intervention versus Usual PC), and zij is the 
observed “baseline” value of the outcome defined over 
the 2 years prior to randomization. Additionally, θj is the 

yij = α + β ∗ trtij + γ ∗ zij + θ
j
+ ǫij
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random effect for health system j , assumed to be nor-
mally distributed with a common variance, and ǫij is the 
error term (also assumed to be normally distributed). 
To evaluate whether the PROUD intervention increases 
EMR-documented OUD treatment, analyses test whether 
β significantly exceeds zero using a one-sided hypothesis 
test at the 0.05 level. This is appropriate because our pri-
mary aim is to test superiority of implementation of the 
MA model relative to Usual PC in order to inform health 
systems’ decisions as to whether to implement this model 
of OUD care.

Given the small number of clusters and the potential 
for chance imbalance in covariates, secondary analy-
ses are conducted adjusting for covariates predictive 
of OUD medication treatment days during the baseline 
period; these are identified using baseline data to select 
at most two covariates most strongly associated with 
days of OUD medication treatment during the baseline 
period (given the limited available degrees of freedom). 
Other secondary analyses of the primary (implementa-
tion) outcome include: site-specific (descriptive) analyses 
comparing PROUD intervention and Usual PC clinics at 
each site; “per protocol” analyses (1) restricted to health 
systems whose intervention clinic’s NCM treated over 
30 patients (indicating successful implementation), or (2) 
using a modified definition of the follow-up period over 
which the Objective 1 outcome measure is calculated 
(e.g., after the NCM began seeing patients to account 
for delay in implementation due to NCM hiring and 
training). Additional sensitivity analyses are conducted 
in which the outcome specifications are varied (e.g., 
using the most complete EHR data available from each 
site by including pharmacy dispensing and insurance 
claims data from sites where it is available). Descriptive 
analyses also evaluate crossover from a Usual PC clinic 
pre-randomization to the PROUD intervention clinic 
post-randomization in patients with OUD. Analyses of 
other pre-specified implementation outcomes (Table  2) 
use largely the same general approach as for the primary 
outcome. Exploratory outcomes also describe differ-
ent dimensions of implementation based on the PRISM 
model such as adoption (e.g., proportion of PC providers 
who prescribe buprenorphine), implementation fidelity 
(e.g., use of urine drug tests). Differences between inter-
vention and Usual PC clinics, and any changes in PC staff 
attitudes from baseline to after the trial ends will also be 
assessed.

Objective 2: main effectiveness objective
Analyses to assess effectiveness evaluate, among indi-
viduals who have an OUD diagnosis prior to randomi-
zation, whether acute care utilization during follow-up 
differs between those in clinics assigned to the PROUD 

intervention and those in Usual PC clinics. The primary 
analyses of effectiveness exclude patients newly diag-
nosed with OUD post-randomization, as these patients 
could differ systematically between PROUD interven-
tion and Usual PC clinics, if the MA Model attracts new 
patients into PC [18], which could lead to biased esti-
mates of the treatment effect [32]. A mixed-effect Pois-
son regression model (with log link) is fit at the patient 
level to the number of days of acute care utilization. 
The model adjusts for the baseline value of the outcome 
(count measure of the number of days of acute care uti-
lization) and accounts for clustering of patients within a 
clinic by including clinic-specific random intercepts. If 
any site randomizes after 2/28/2018, analyses would also 
adjust for time from randomization to the end of the trial 
(2/29/2020) by including an offset term. The Objective 2 
effectiveness hypothesis is evaluated by testing whether 
the coefficient of the intervention group assignment 
(PROUD versus Usual PC) differs from zero using a two-
sided test at the 0.05 level with a small-sample correction 
method given the small number of clusters in the analysis 
[37, 38].

Several secondary effectiveness analyses of the Objec-
tive 2 outcome are planned. Examples include adjusting 
for additional patient-level variables and expanding the 
analytic sample to include patients with newly docu-
mented OUD post-randomization. In addition, other 
effectiveness outcomes (Table  2) are analyzed using a 
similar approach as for the Objective 2 outcome.

Differences in PROUD intervention impact on Objective 1 
outcome across age, sex and race/ethnicity
Given the importance of understanding how the MA 
Model improves care for subpopulations, subgroup anal-
yses are conducted based on: age (< 26 vs. older); sex; race 
and ethnicity. Any such comparisons are likely under-
powered and must be interpreted with caution. The origi-
nal Massachusetts studies observed that patients who 
were male or Black/African American or Hispanic were 
less likely to be retained in PC treatment of OUD with 
the MA Model, compared to female and white patients, 
respectively [17, 28], but no differences were observed 
across age groups. As a result, PROUD investigators 
hypothesize that the intervention will result in smaller 
increases in OUD medication treatment in patients who 
are male or Black/African American or Hispanic, but 
hypothesize no differences across age groups.

Planned observational comparisons
Observational comparisons
Several observational comparisons are planned. To eval-
uate whether PC clinics in the PROUD trial differed from 
other PC clinics in the same health systems, recruited and 
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non-recruited PC clinics are compared in the five health 
systems able to provide data on four non-recruited (non-
randomized) Usual PC clinics. Specifically, patients in the 
10 recruited clinics are compared to 20 non-recruited PC 
clinics during the pre-randomization period in these five 
health systems (Fig.  1). Implementation and effective-
ness outcomes in the second year after randomization are 
also compared in observational analyses between the six 
intervention clinics and the four exemplar programs for 
OUD, described above.

Economic analyses
The PROUD trial is providing data for an ancillary eco-
nomic analysis of the health system costs with the fol-
lowing outcomes: (a) the cost of implementing the MA 
Model; (b) the mean per-person daily cost of delivering 
the MA Model on an ongoing basis; (c) the differences 
in the mean per-person costs associated with PC, behav-
ioral healthcare, ED, and inpatient services between 
the study arms over the post-randomization observa-
tion period; (d) the difference in the average total cost 
of healthcare service utilization between the study arms 
over the post-randomization observation period; and (e) 
the difference between (d) and (b), which represents the 
incremental net benefit of the PROUD intervention. A 
description of the protocol for this ancillary study will be 
forthcoming in a separate publication.

Power
Objective 1 (primary aim)
Power calculations for Objective 1 assessed whether there 
is sufficient power (> 80%) to detect a fivefold increase in 
the number of patient days of OUD medication treat-
ment associated with the PROUD intervention as com-
pared to Usual PC. There is no agreed upon benchmark 
for high quality OUD treatment, and an increase of this 
magnitude, which could reflect a fivefold increase in the 
number of patients who access and/or are retained in 
treatment, was felt to be clinically-relevant and a sub-
stantial enough increase to convince policy-makers. 
Simulations, using PROUD phase 1 data, were conducted 
to calculate power under the planned analytic approach, 
as described above (mixed-effect regression model that 
adjusts for the baseline value of the outcome), with a one-
sided test with a type 1 error rate of 0.05. Parameter val-
ues for the simulation were estimated using Phase 1 data 
on the 12 clinics recruited into the PROUD trial (two 
clinics from each health system). Details on the data-gen-
erating model for the simulation along with the specific 
parameter values are in the study Statistical Analysis Plan 
(available from authors). Based on these simulations, the 
PROUD trial is estimated to have at least 80% power to 
detect a 30% increase in the number of OUD-treated 

days per patient seen in PC. Because 30% is far smaller 
than the fivefold (400%) clinically- or policy-meaningful 
increase, the study is sufficiently powered with two clin-
ics in each of six health care systems to detect the tar-
geted fivefold increase in the primary outcome measure.

Objective 2 (secondary aim)
Power calculations for Objective 2 used simulations to 
calculate the power to detect a reduction in acute care 
utilization among patients with an OUD diagnosis pre-
randomization, comparing PROUD intervention versus 
Usual PC clinics, under a range of assumed values of the 
effect size, as well as a range of assumed values for the 
proportion of patients with OUD treated by the PROUD 
NCM. Outcome data on acute care utilization for simula-
tions were generated using a Poisson mixed-effect model 
with sample size and parameters estimated using Phase 
1 data for the 12 clinics recruited into the PROUD trial. 
These simulations assumed that among patients with 
OUD in the PROUD intervention clinic, those who visit 
the PROUD NCM and receive sustained treatment with 
buprenorphine or XR-NTX would have 10–20% of the 
rate of acute care utilization (i.e., a relative rate RRtreat of 
0.1–0.20) as patients with OUD who are not treated for 
OUD by the PROUD NCM, since sustained treatment for 
OUD is hypothesized to markedly reduce acute care uti-
lization [39]. To each simulated dataset a Poisson mixed-
effect model was fit applying the between-within (BW) 
DF corrected F test [37] with a (2-sided) type-1 error rate 
of 0.05. Under effect size of RRtreat of 0.1–0.2 the PROUD 
trial has over 80% power if at least 39–44% of patients 
with OUD in the PROUD intervention arm pre-randomi-
zation are treated for OUD.

Trial status
The PROUD Trial intervention ends 2/29/2020. Final 
quantitative and qualitative data collection occurs 
March–September 2020. Main results are expected 
by 8/2021. Results will be published in peer reviewed 
journals.

Discussion
Despite the availability of first-line medication treatment 
for OUD that can be provided in PC, many practices 
do not offer such treatment. The PROUD trial seeks to 
address this gap by implementing a promising model, the 
MA model, into PC to engage patients in OUD treatment 
in medical settings. The MA Model is a collaborative 
care model designed to support treatment of OUD in PC 
practices by providing nurse support for all elements of 
care, except OUD diagnosis and medication prescribing 
[17, 18, 28]. This model of shared-care between a PC pro-
vider and NCM was also designed to address knowledge 
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gaps, lack of time, need for clinic support, and stigma, 
which are common barriers to treatment of OUD in PC 
[11, 12, 15]. Promising reports [17–19] suggest that the 
MA Model allows a nurse to develop deep expertise in 
OUD treatment, supported by national experts, as a way 
to improve access, overcome stigma and support the 
development of local PC expertise in OUD treatment 
[17–19]. The model also allows PC providers to treat 
many more patients with OUD than they could alone—
up to 100 per NCM [18]. The PROUD trial is designed to 
provide information for clinical leaders and policy mak-
ers regarding benefits and costs of the MA Model by test-
ing the model in real-world PC settings in diverse health 
systems. The trial relies on health systems to implement 
the model and uses secondary data to identify the study 
samples and evaluate implementation and effectiveness 
outcomes. As a result, all PC patients who visited the 
randomized clinics over the study period are included in 
primary analyses. The PROUD trial can provide a road-
map for other health systems searching for a practical 
care model for OUD treatment in PC.

Limitations and strengths
In this pragmatic trial that relies on EHR data for defin-
ing the primary and secondary outcomes, the data can be 
a limitation to the trial’s internal validity. For the primary 
outcome (days of medication treatment for OUD), orders 
for buprenorphine or XR-NTX in the EMR could be 
written and never dispensed or ingested (for oral medica-
tions), and patients could obtain OUD treatment outside 
the participating health systems -  including methadone 
from opioid treatment programs—that may not be doc-
umented in the EHR [40]. There is no way to determine 
whether services were not provided or whether the data 
are missing, and external OUD treatment data are not 
included in the primary outcome measure because they 
are unavailable at most sites. However, randomization 
is stratified within health system and the participating 
health systems provide the vast majority of care for the 
populations they serve; therefore, limitations in outcome 
data should be similar in both arms within a site. Limi-
tations of data sources are also addressed with sensitiv-
ity analyses which vary the specification of the outcome 
(e.g., to include dispensing of medications, insurance 
claims, and methadone data at sites where available) to 
estimate whether this meaningfully changes the main 
results. Incomplete ascertainment of acute care utiliza-
tion could also under-estimate or bias results regarding 
effectiveness (Objective 2) as only two participating sys-
tems are health insurance plans with claims data. How-
ever, analyses of acute care utilization among patients 
with OUD are adjusted for patients’ pre-randomization 
acute care utilization, and stratified randomization 

ensures that systematic differences in ascertainment 
between health systems are balanced across interven-
tion groups. Another limitation is that only some adverse 
health effects of OUD lead to urgent, emergency, or hos-
pital care, and although other outcomes are evaluated, 
many adverse outcomes of OUD cannot be ascertained 
from EHRs. Further, many PC patients with OUD do not 
have a documented OUD diagnosis and are therefore 
excluded from Objective 2 analyses, and others may leave 
or obtain care outside the health system, which can only 
be ascertained for the two systems with health insurance 
plans and claims data. However, sensitivity analyses are 
planned that include patients with documented OUD 
post-randomization or require PC visits post-randomiza-
tion (as a proxy for continued enrollment). In addition, if 
the trial finds that the MA Model meaningfully increases 
OUD treatment, a future planned ancillary study will 
obtain population-based death data from the National 
Death Index to evaluate the intervention’s impact on 
death among patients with documented OUD.

Limitations to external validity relate to the cost of the 
nurse, which is not borne by the health systems, and the 
fact that sites recruited are a select group of clinics with a 
leader and/or clinicians willing to participate in the trial. 
The MA Model’s requirement for a large upfront invest-
ment in a full-time NCM and regional shortages of nurses 
might limit generalizability. However, additional obser-
vational comparisons evaluate outcomes in the PROUD 
intervention clinics compared to potentially more gen-
eralizable “exemplar” models of OUD care already in 
place and compare recruited and randomized PC clinics 
to non-recruited PC clinics before randomization. Prior 
research suggests that some PC providers are not willing 
to prescribe, and models that utilize non-physicians may 
be needed [4]. Finally, a limitation of using “usual care” 
as a comparison is that its characteristics must be clearly 
described at baseline and changes over the course of a 
trial must be clearly ascertained and described [41]. To 
understand usual care provided in control clinics (and its 
generalizability), the Implementation Monitoring Team 
conducts robust assessment at baseline and monitoring 
throughout the study, with qualitative and quantitative 
data collected by each site’s PI and project manager, while 
avoiding contact between researchers and sites.

At the same time, the PROUD trial has important 
strengths related to its design, sample, and innovative 
measures allowing evaluation of the MA model in diverse 
naturalistic settings. The pragmatic design of the trial 
allows the study of a sample of patients with OUD seen 
in PC who seldom seek OUD treatment or enroll in tri-
als. Further, the design allows evaluation of treatment 
engagement and acute care outcomes over a 2-year fol-
low-up period. Each system agreed to implement the MA 
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Model in one randomly selected PC clinic and to provide 
data from 3 years before and 2 years after randomization. 
The trial obtains adequate statistical power for a trial 
with 12 clinics by using a novel primary outcome meas-
ure of patient-days of medication treatment for OUD 
per 10,000 PC patients seen, which reflects both access 
and retention. The trial design also allows evaluation of 
the extent to which the MA Model attracts new patients 
into PC for OUD treatment or leads to newly recog-
nized OUD in the intervention clinics. An innovative 
Implementation Monitoring Team assesses usual care at 
baseline and monitors usual care and intervention imple-
mentation over time, identifying barriers and facilitators 
in each system, which allows interpretation of variation 
in outcomes across sites. Further, the trial includes geo-
graphically diverse health systems that serve racially and 
ethnically diverse populations and have varying organiza-
tion of health care delivery and financing, including two 
safety net systems, one academic system, one regional 
healthcare delivery system, and two systems that inte-
grate health insurance with care delivery.

Conclusion
The PROUD trial is an innovative pragmatic trial that is 
evaluating the ability of the MA Model to improve access 
to and retention in OUD treatment in PC clinics in six 
diverse health systems. Results will provide critical evi-
dence to help health system leaders evaluate whether 
investing upfront in a full-time NCM for OUD treatment 
increases OUD treatment in PC and decreases the need 
for acute care.

Supplementary Information
The online version contains supplementary material available at https ://doi.
org/10.1186/s1372 2-021-00218 -w.

Additional file 1: Appendix S1. Organization of the PROUD Study 
Investigative Teams. 

Additional file 2: Appendix S2. Baseline PROUD implementation moni-
toring information. 

Additional file 3: Appendix S3. Clinic staff survey. 

Additional file 4: Appendix S4. Quarterly PROUD debrief between Site 
PI/PM and PROUD Implementation Monitoring Team.

Abbreviations
AUD: Alcohol use disorder; DEA: Drug Enforcement Administration; ED: Emer-
gency Department; EHR: Electronic health record; EMR: Electronic medical 
record; FDA: Federal Drug Administration; FQHC: Federally Qualified Health 
Center; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; ICD: 
International Classification of Disease; KP: Kaiser Permanente; MA Model: Mas-
sachusetts Model; NCM: Nurse care manager; NDI: National Death Index; NIDA: 
National Institute on Drug Abuse; OBAT: Office based addiction treatment; 
OTP: Opioid treatment program; OUD: Opioid use disorder; PC: Primary care; 
PRISM: Practical, Robust Implementation and Sustainability Model; PROUD: 
PRimary Care Opioid Use Disorders treatment (PROUD); RE-AIM: RE-AIM: 

Reach, Effectiveness, Adoption, Implementation fidelity, and Maintenance; TA: 
Technical assistance; XR-NTX: Injectable naltrexone.

Acknowledgements
The authors acknowledge Erica Hilario for her editorial assistance with the 
manuscript.

Authors’ contributions
KB, DB, JB, DL, and AS contributed to the initial conceptualization and study 
design. CC, KB, DB, JM, KB, AS, JB, AM, DL, GL, and AL contributed to the 
development of the study protocol. KB, JB, AM, PW and DB contributed to the 
statistical analysis plan. CC, KB, AS, DB, JB, and AM were major contributors 
to the writing of the manuscript. All authors reviewed and contributed to 
the revising of the manuscript. Authorship guidelines are available from the 
lead investigator and no professional writers were used. All authors read and 
approved the final manuscript.

Funding
This study was sponsored by the National Institute on Drug Abuse (NIDA) 
through the following nodes and awards of the NIDA Clinical Trials Net-
work (CTN): Health Systems Node (UG1DA040314), North Star Node 
(UG1DA040316), Pacific Northwest Node (U10DA013714), Florida Node Alli-
ance (UG1DA013720), Appalachian Node (5UG1DA049436-02), Mid Atlantic 
Node (5UG1DA013034), New England Consortium Node (UG1DA015831), 
Texas Node (UG1DA020024), Greater New York Node (UG1DA013035). The 
Emmes Company (HHSN271201400028C) and the NIDA Center for CTN 
contributed to the design of the study, the protocol, and to the editing of the 
manuscript.

Availability of data and materials
The protocol, the statistical analysis plan and code are available from the lead 
author upon written request. The final dataset will be analyzed by investiga-
tors at the Emmes Company and can be made available as de-identified data 
to investigators upon reasonable request with the required IRB approval and 
data use agreements.

Ethics approval and consent to participate
A single independent, commercial Institutional Review Board (IRB), approved 
the study including providing waivers of consent and HIPAA authorization, 
with all sites ceding.

Consent for publication
Not applicable.

Competing interests
Cynthia I. Campbell is supported by grants and contracts from the National 
Institute on Drug Abuse (UG1DA040314, R01DA047405), the Food and Drug 
Administration, and has support managed through her institution from 
a consortium of pharmaceutical companies to conduct Food and Drug 
Administration-mandated studies on opioids. Gavin Bart is supported by 
grants from NIDA and NIDDK. Robert P. Schwartz has provided consultant to 
Verily Life Sciences, and is the principal investigator of a NIDA-funded study 
that will be receiving free medication from Alkermes and Indivior. Andrew J. 
Saxon has royalties as Section Editor, Drug Use Disorders, UpToDate, Inc.; has 
travel support from Alkermes, Inc.; research support from Medicasafe, Inc.; 
and consulting fees from Indivior, Inc. Paige D. Wartko, Denise M. Boudreau, 
and Bobbi Jo H. Yarborough receive funding from a research contract through 
their institutions from a consortium of pharmaceutical companies (Allergan, 
BioDelivery Sciences, Collegium, Daiichi Sankyo, Depomed, Egalet, Endo, Jans-
sen, Mallinckrodt, Pernix, Pfizer, Purdue, and West-Ward) to conduct Food and 
Drug Administration-mandated studies on opioids.

Author details
1 Division of Research, Kaiser Permanente Northern California, 2000 Broadway, 
3rd Floor, Oakland, CA 94612, USA. 2 Center of Excellence in Substance Addic-
tion Treatment and Education, VA Puget Sound Health Care System, 1660 S 
Columbian Way, Seattle, WA 98108, USA. 3 Kaiser Permanente Washington 
Health Research Institute, 1730 Minor Avenue, Seattle, WA 98101, USA. 4 The 
Emmes Company, 401 N Washington St # 700, Rockville, MD 20850, USA. 
5 Boston Medical Center/Boston University School of Medicine: Clinical Addic-
tion Research & Education (CARE) Unit Crosstown Center, 801 Massachusetts 

https://doi.org/10.1186/s13722-021-00218-w
https://doi.org/10.1186/s13722-021-00218-w


Page 14 of 15Campbell et al. Addict Sci Clin Pract            (2021) 16:9 

Ave., 2nd Floor, Boston, MA 02118, USA. 6 Albert Einstein College of Medicine, 
Montefiore Medical Center, 3300 Kossuth Avenue, Bronx, NY 10467, USA. 
7 Kaiser Permanente Washington, 9800 4th Ave. N.E., Seattle, WA 98115, USA. 
8 Kootenai Clinic Family Medicine, 1919 Lincoln Way, Suite 315, Coeur d Alene, 
ID 83814, USA. 9 Department of Family & Community Medicine, McGovern 
Medical School, University of Texas Health Science Center at Houston School, 
7000 Fannin Street, Houston, TX 77030, USA. 10 Department of Psychiatry, 
Center for Health Policy and Health Services Research, Henry Ford Health 
System, 2799 W Grand Blvd, Detroit, MI 48202, USA. 11 Department of Public 
Health Sciences, University of Miami Miller School of Medicine, 1120 NW 14th 
Street, 10th Floor, Miami, FL 33136, USA. 12 University of Minnesota/Hennepin 
Healthcare, 701 Park Avenue, Minneapolis, MN 55415, USA. 13 Friends Research 
Institute, 1040 Park Avenue, Suite 103, Baltimore, MD 21201, USA. 14 NYU 
Grossman School of Medicine, 180 Madison Ave., New York, NY 10016, USA. 
15 Division of General Internal Medicine, Center for Research On Health Care, 
University of Pittsburgh School of Medicine, 200 Lothrop Street, 933West, 
Pittsburgh, PA 15213, USA. 16 University of Washington/Harborview Medical 
Center, 325 9th Ave, Seattle, WA 98104, USA. 17 National Institute on Drug 
Abuse Center for Clinical Trials Network, Three White Flint North, 11601 Lands-
down Street, North Bethesda, MD 20852, USA. 18 Weill Cornell Medical College, 
425 East 61st Street, Suite 301, New York, NY 10065, USA. 19 Clinical Addiction 
Research & Education (CARE) Unit, Boston University School of Medicine, 
Crosstown Center, 801 Massachusetts Ave., 2nd Floor, Boston, MA 02118, USA. 
20 Kaiser Permanente Northwest, Center for Health Research, 3800 N. Interstate 
Avenue, Portland, OR 97227-1098, USA. 

Received: 10 September 2020   Accepted: 15 January 2021

References
 1. Substance Abuse and Mental Health Services Administration. Key sub-

stance use and mental health indicators in the United States: results from 
the 2018 National Survey on Drug Use and Health. 2019. https ://www.
samhs a.gov/data/sites /defau lt/files /cbhsq -repor ts/NSDUH Natio nalFi 
nding sRepo rt201 8/NSDUH Natio nalFi nding sRepo rt201 8.pdf. Accessed 6 
July 2020.

 2. Williams AR, Nunes EV, Bisaga A, Levin FR, Olfson M. Development of a 
cascade of care for responding to the opioid epidemic. Am J Drug Alco-
hol Abuse. 2019;45(1):1–10.

 3. Crowley R, Kirschner N, Dunn AS, Bornstein SS & Health, Public Policy 
Committee of the American College of P. Health and public policy to 
facilitate effective prevention and treatment of substance use disorders 
involving illicit and prescription drugs: an American College of Physicians 
position paper. Ann Intern Med. 2017;166(10):733–6.

 4. Dunlap B, Cifu AS. Clinical management of opioid use disorder. JAMA. 
2016;316(3):338–9.

 5. U.S. Department of Health and Human Services, Office of the Surgeon 
General. Facing Addiction in America: The Surgeon General’s Report on 
Alcohol, Drugs, and Health. Washington, DC: U.S. Department of Health & 
Human Services; 2016.

 6. Truven Health Analytics, an IBM Company. Use of medication-assisted 
treatment for opioid use disorders in employer-sponsored health insur-
ance: Final report. February 2019. https ://aspe.hhs.gov/syste m/files /
pdf/26062 1/MATOU D.pdf. Accessed 20 July 2020.

 7. Gordon AJ, Lo-Ciganic WH, Cochran G, Gellad WF, Cathers T, Kelley D, 
et al. Patterns and quality of buprenorphine opioid agonist treatment in a 
large Medicaid program. J Addict Med. 2015;9(6):470–7.

 8. Boudreau DM, Lapham G, Johnson EA, Bobb JF, Matthews AG, McCor-
mack J, et al. Documented opioid use disorder and its treatment in 
primary care patients across six U.S. health systems. J Subst Abuse Treat. 
2020;112S:41–8.

 9. Lapham G, Boudreau DM, Johnson EA, Bobb JF, Matthews AG, McCor-
mack J, et al. Prevalence and treatment of opioid use disorders among 
primary care patients in six health systems. Drug Alcohol Depend. 
2020;207:107732.

 10. Andrilla CHA, Coulthard C, Larson EH. Barriers rural physicians face 
prescribing buprenorphine for opioid use disorder. Ann Fam Med. 
2017;15(4):359–62.

 11. Haffajee RL, Bohnert ASB, Lagisetty PA. Policy pathways to address 
provider workforce barriers to buprenorphine treatment. Am J Prev Med. 
2018;54(6 Suppl 3):S230–42.

 12. Huhn AS, Dunn KE. Why aren’t physicians prescribing more buprenor-
phine? J Subst Abuse Treat. 2017;78:1–7.

 13. Lin LA, Lofwall MR, Walsh SL, Gordon AJ, Knudsen HK. Perceptions and 
practices addressing diversion among US buprenorphine prescribers. 
Drug Alcohol Depend. 2018;186:147–53.

 14. Walley AY, Alperen JK, Cheng DM, Botticelli M, Castro-Donlan C, Samet JH, 
et al. Office-based management of opioid dependence with buprenor-
phine: clinical practices and barriers. J Gen Intern Med. 2008;23(9):1393–8.

 15. Green CA, McCarty D, Mertens J, Lynch FL, Hilde A, Firemark A, et al. A 
qualitative study of the adoption of buprenorphine for opioid addiction 
treatment. J Subst Abuse Treat. 2014;46(3):390–401.

 16. Korthuis PT, McCarty D, Weimer M, Bougatsos C, Blazina I, Zakher B, et al. 
Primary care-based models for the treatment of opioid use disorder: a 
scoping review. Ann Intern Med. 2017;166(4):268–78.

 17. Alford DP, LaBelle CT, Kretsch N, Bergeron A, Winter M, Botticelli 
M, et al. Collaborative care of opioid-addicted patients in primary 
care using buprenorphine: five-year experience. Arch Intern Med. 
2011;171(5):425–31.

 18. LaBelle CT, Han SC, Bergeron A, Samet JH. Office-based opioid treatment 
with buprenorphine (OBOT-B): statewide implementation of the Massa-
chusetts Collaborative Care Model in community health centers. J Subst 
Abuse Treat. 2016;60:6–13.

 19. Substance Abuse and Mental Health Services Administration. Medicaid 
coverage and financing of medications to treat alcohol and opioid 
use disorders. Rockville: Substance Abuse and Mental Health Services 
Administration; 2014. https ://store .samhs a.gov/produ ct/Medic aid-Cover 
age-and-Finan cing-of-Medic ation s-to-Treat -Alcoh ol-and-Opioi d-Use-
Disor ders/sma14 -4854. Accessed 11 July 2020.

 20. National Institute on Drug Abuse. HEALING Communities Study. March 
18 2020. https ://heal.nih.gov/resea rch/resea rch-to-pract ice/heali ng-
commu nitie s. Accessed 20 May 2020.

 21. Chou R, Korthuis PT, Wimer M, Bougatsos C, Blazina I, Zakher B, et al. 
Medication-assisted treatment models of care for opioid use disorder 
in primary care settings. Rockville: Agency for Healthcare Research and 
Quality; 2016. https ://www.ncbi.nlm.nih.gov/books /NBK40 2352/pdf/
Books helf_NBK40 2352.pdf. Accessed 13 Mar 2020.

 22. Curran GM, Bauer M, Mittman B, Pyne JM, Stetler C. Effectiveness-imple-
mentation hybrid designs: combining elements of clinical effectiveness 
and implementation research to enhance public health impact. Med 
Care. 2012;50(3):217–26.

 23. Feldstein AC, Glasgow RE. A practical, robust implementation and sus-
tainability model (PRISM) for integrating research findings into practice. Jt 
Comm J Qual Patient Saf. 2008;34(4):228–43.

 24. Gaglio B, Shoup JA, Glasgow RE. The RE-AIM framework: a systematic 
review of use over time. Am J Public Health. 2013;103(6):e38-46.

 25. Glasgow RE, Dickinson P, Fisher L, Christiansen S, Toobert DJ, Bender BG, 
et al. Use of RE-AIM to develop a multi-media facilitation tool for the 
patient-centered medical home. Implement Sci. 2011;6:118.

 26. Glasgow RE, Vogt TM, Boles SM. Evaluating the public health impact of 
health promotion interventions: the RE-AIM framework. Am J Public 
Health. 1999;89(9):1322–7.

 27. LaBelle CT, Bergeron LP, Wason KW, Ventura AS. Policy and procedure 
manual of the office-based addition treatment program for the use 
of buprenorphine and naltrexone formulations in the treatment of 
substance use disorders [unpublished treatment manual]. Boston: Boston 
Medical Center; Accessed 2016.

 28. Weinstein ZM, Kim HW, Cheng DM, Quinn E, Hui D, Labelle CT, et al. Long-
term retention in office based opioid treatment with buprenorphine. J 
Subst Abuse Treat. 2017;74:65–70.

 29. Stetler CB, Legro MW, Wallace CM, Bowman C, Guihan M, Hagedorn H, 
et al. The role of formative evaluation in implementation research and the 
QUERI experience. J Gen Intern Med. 2006;21(Suppl 2):S1-8.

 30. American Society of Addiction Medicine. Provider’s Clinical Support 
System (PCSS). Education. 2020. https ://www.asam.org/educa tion/resou 
rces/pcss-mat. Accessed 20 May 2020.

 31. U.S. Department of Health & Human Services, Office for Human Research 
Protections. Attachment A: FAQs, terms and recommendations on 
informed consent January 30 2018. https ://www.hhs.gov/ohrp/sachr 

https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHNationalFindingsReport2018/NSDUHNationalFindingsReport2018.pdf
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHNationalFindingsReport2018/NSDUHNationalFindingsReport2018.pdf
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHNationalFindingsReport2018/NSDUHNationalFindingsReport2018.pdf
https://aspe.hhs.gov/system/files/pdf/260621/MATOUD.pdf
https://aspe.hhs.gov/system/files/pdf/260621/MATOUD.pdf
https://store.samhsa.gov/product/Medicaid-Coverage-and-Financing-of-Medications-to-Treat-Alcohol-and-Opioid-Use-Disorders/sma14-4854
https://store.samhsa.gov/product/Medicaid-Coverage-and-Financing-of-Medications-to-Treat-Alcohol-and-Opioid-Use-Disorders/sma14-4854
https://store.samhsa.gov/product/Medicaid-Coverage-and-Financing-of-Medications-to-Treat-Alcohol-and-Opioid-Use-Disorders/sma14-4854
https://heal.nih.gov/research/research-to-practice/healing-communities
https://heal.nih.gov/research/research-to-practice/healing-communities
https://www.ncbi.nlm.nih.gov/books/NBK402352/pdf/Bookshelf_NBK402352.pdf
https://www.ncbi.nlm.nih.gov/books/NBK402352/pdf/Bookshelf_NBK402352.pdf
https://www.asam.org/education/resources/pcss-mat
https://www.asam.org/education/resources/pcss-mat
https://www.hhs.gov/ohrp/sachrp-committee/recommendations/2011-january-24-letter-attachment-a/index.html


Page 15 of 15Campbell et al. Addict Sci Clin Pract            (2021) 16:9  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

p-commi ttee/recom menda tions /2011-janua ry-24-lette r-attac hment -a/
index .html. Accessed 20 Dec 2020.

 32. Bobb JF, Qiu H, Matthews AG, McCormack J, Bradley KA. Addressing iden-
tification bias in the design and analysis of cluster-randomized pragmatic 
trials: a case study. Trials. 2020;21(1):289.

 33. ClinicalTrials.gov. PRimary Care Opioid Use Disorders Treatment (PROUD) 
Trial (PROUD). Updated March 6, 2020. https ://clini caltr ials.gov/ct2/show/
NCT03 40763 8?term=PROUD &draw=2&rank=1. Accessed 21 May 2020.

 34. Bryson CL, Au DH, Sun H, Williams EC, Kivlahan DR, Bradley KA. Alcohol 
screening scores and medication nonadherence. Ann Intern Med. 
2008;149(11):795–804.

 35. Beebe J. Rapid assessment process: an introduction. 1st ed. Walnut Creek: 
Altamira Press; 2001.

 36. Williams EC, Achtmeyer CE, Young JP, Berger D, Curran G, Bradley KA, 
et al. Barriers to and facilitators of alcohol use disorder pharmacotherapy 
in primary care: a qualitative study in five VA clinics. J Gen Intern Med. 
2018;33(3):258–67.

 37. Li P, Redden DT. Comparing denominator degrees of freedom approxi-
mations for the generalized linear mixed model in analyzing binary out-
come in small sample cluster-randomized trials. BMC Med Res Methodol. 
2015;15:38.

 38. Kahan BC, Forbes G, Ali Y, Jairath V, Bremner S, Harhay MO, et al. Increased 
risk of type I errors in cluster randomised trials with small or medium 
numbers of clusters: a review, reanalysis, and simulation study. Trials. 
2016;17(1):438.

 39. Lo-Ciganic WH, Gellad WF, Gordon AJ, Cochran G, Zemaitis MA, Cathers 
T, et al. Association between trajectories of buprenorphine treatment 
and emergency department and in-patient utilization. Addiction. 
2016;111(5):892–902.

 40. Walley AY, Farrar D, Cheng DM, Alford DP, Samet JH. Are opioid depend-
ence and methadone maintenance treatment (MMT) documented 
in the medical record? A patient safety issue. J Gen Intern Med. 
2009;24(9):1007–11.

 41. Freedland KE, Mohr DC, Davidson KW, Schwartz JE. Usual and unusual 
care: existing practice control groups in randomized controlled trials of 
behavioral interventions. Psychosom Med. 2011;73(4):323–35.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.hhs.gov/ohrp/sachrp-committee/recommendations/2011-january-24-letter-attachment-a/index.html
https://www.hhs.gov/ohrp/sachrp-committee/recommendations/2011-january-24-letter-attachment-a/index.html
https://clinicaltrials.gov/ct2/show/NCT03407638?term=PROUD&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03407638?term=PROUD&draw=2&rank=1

	PRimary Care Opioid Use Disorders treatment (PROUD) trial protocol: a pragmatic, cluster-randomized implementation trial in primary care for opioid use disorder treatment
	Abstract 
	Background: 
	Methods: 
	Discussion: 

	Introduction
	Methods
	Objectives and hypotheses
	Overview of trial design
	Conceptual framework
	Developmental phase: PROUD Phase 1
	Site selection for PROUD trial
	Phase 2: PROUD trial timeline
	Overview of the MA Model
	The PROUD trial intervention
	PROUD comparison condition: usual primary care
	Primary care clinics used in observational comparisons
	Non-recruited PC clinics
	Exemplar PC clinics

	Randomization
	Ethical considerations
	Samples
	PROUD trial

	Data sources and collection
	Quantitative data sources available for all PC clinics in the trial
	Data available only from PROUD intervention clinics
	Anonymous PC staff survey
	Qualitative data source: ongoing implementation monitoring
	Qualitative data from all PROUD clinics 
	Qualitative data on intervention clinics only 


	Measures
	Objective 1: implementation outcome—patient days of OUD medication treatment
	Objective 2: main effectiveness outcome—days of acute care utilization
	Other outcomes

	Analyses
	Qualitative analyses

	Statistical analysis
	Objective 1: main implementation objective (primary aim)
	Objective 2: main effectiveness objective

	Differences in PROUD intervention impact on Objective 1 outcome across age, sex and raceethnicity
	Planned observational comparisons
	Observational comparisons
	Economic analyses

	Power
	Objective 1 (primary aim)
	Objective 2 (secondary aim)

	Trial status

	Discussion
	Limitations and strengths

	Conclusion
	Acknowledgements
	References




