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ABSTRACT

Background: The consequences of continued opioid abuse among patients treated
with opioid substitution therapy (OST) are serious and can result in abnormal
cardiovascular function, overdose, and mortality. Conflicting evidence exists that
both implicates and refutes the role of chronic non-cancer pain (CNCP) as a major
risk factor for continued opioid abuse within the addiction treatment setting. This
thesis aims to 1) evaluate the impact of chronic pain on the treatment outcomes of
patients with opioid addiction receiving OST, 2) determine whether a clinical or
inflammatory profile exists to distinguish pain in this population, 3) explore the
sources of heterogeneity in previous studies examining this question, 4) determine the
best therapy for patients with chronic pain, and 5) evaluate the most effective
treatment for opioid addiction. We anticipate chronic pain to be an important
predictor of continued opioid abuse such that patients with comorbid pain will require
careful consideration when managed on OST.

Methods: We systematically reviewed the literature to determine the impact of pain
in opioid addiction patients receiving methadone maintenance treatment (MMT). We
determined the clinical and inflammatory profile of MMT patients using data from
the Genetics of Opioid Addiction (GENOA) research collaborative between the
Canadian Addiction Treatment Centres (CATC) and the Population Genomic
Program. GENOA is a prospective cohort study aimed to determine the genetic,
biological, and psychosocial determinants of treatment prognosis for opioid addiction

patients receiving MMT. GENOA recruits patients > 18 years of age meeting the
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DSM-1V criteria for opioid dependence. All GENOA participants are receiving MMT
for the management of opioid addiction. Baseline data from the GENOA pilot study
(n=235) were used to evaluate the impact of pain on illict opioid use behaviour and
determine the clinical and inflammatory profile of patients with comorbid pain. We
explored sources of heterogeneity in previous studies using data from the full-phase
GENOA study (n=444), examining the prognostic value of different pain measures
for predicting illicit opioid use. We then performed a multiple treatment comparison
of all opioid substitution and antagonist therapies in efforts to determine the best
intervention for improving treatment outcomes for patients with comorbid pain. We
lastly determined the most effective treatment for opioid addiction by performing a
network meta-analysis using data from a systematic review of opioid maintenance
therapy trials.

Results: Our initial systematic review confirmed a lack of consensus in the literature,
whereby some studies suggest pain increases risk for illicit opioid use and other
studies suggest pain has no effect on substance use behaviour. Findings from the
analysis of GENOA pilot data confirmed chronic pain to be an important predictor of
sustained opioid abuse and also showed patients with pain to have elevated
Interferon-Gamma. Using data from the GENOA prospective cohort study we
determined the Brief Pain Inventory (a commonly used pain measurement in pervious
studies) to be highly sensitive with poor prognostic value. Our final reviews propose
1) there is limited evidence to suggest any OST is superior for managing patients
with comorbid pain, and 2) heroin and high-dose methadone are the most effective

v



Ph.D. Thesis — BB. Dennis; McMaster University — Health Research Methodology

treatments for improving treatment retention. The final systematic review and
network meta-analysis in this thesis also highlights a major problem in the treatment
of opioid use disorders, primarily the lack of consensus as to what outcomes matter
for determining success in patients with addiction.

Conclusion: Patients with comorbid pain and addiction are at high-risk for continued
opioid abuse and should be managed closely by clinicians administering OST.
Contention in the previous literature likely resulted from the use of pain
measurements with poor prognostic value. No OST demonstrated superiority for
managing patients with chronic pain. While our findings indicate heroin is the most
effective treatment across multiple endpoints, we use this thesis to provide readers
with 1) a sense of the feasibility issues associated with heroin administration, 2) a

summary of the limitations of this evidence base, and 3) recommendations for how to

improve the addiction trials’ design for future research.
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CHAPTER 1

1.1 THESIS OBJECTIVES

Opioid addiction is a major source of morbidity and mortality world wide that continues
to decrease the quality and duration of life for its sufferers.” This chronic relapsing
disorder affects more than 1 million persons in North America * and 15 million persons
worldwide." In recent years opioid abuse, misuse, and diversion have risen dramatically
and current estimates suggest 25 million people initiated using illicit opioids between
2002 and 2011.° The increase in global opioid abuse patterns are paralleled by a rising
mortality rate and it is estimated 69,000 people die from opioid overdose each year.* Risk
for HIV,® hepatitis,’ and cardiac disease (e.g. infective endocarditis)”® is high among
patients with opioid addiction and without treatment these patients incur a 50-fold
increase in death.’

Frontline therapies for opioid addiction have included methadone maintenance treatment
(MMT), buprenorphine, and levo-a-acetylmethadol (LAAM)—of which methadone is the
oldest and most commonly employed.’ These treatments are long-acting opioids
prescribed under the close supervision of an addiction specialist. They are known
collectively as opioid substitution therapies (OSTs). While these treatments are
demonstrated effective for reducing illicit substance use and improving patient retention

10,11

in treatment,  they are most effective for engaged patients willing to comply with

treatment.
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This is challenging for patients with opioid addiction since they are among the hardest
populations to manage and retain in treatment.'>"® For instance, less than 15% of MMT
patients successfully complete OST as intended,'>"* and those who leave treatment incur a
substantial risk for HIV, relapse, and death.'*'* Even among patients retained in therapy,
5-10% of patients fail to benefit from conventional treatments,'* and the risk for abnormal

1718 and morality '’ is highest among patients

cardiovascular function, 15,16 overdose,
continuing to abuse opioids in combination with OST. Understanding the predictors of
treatment failure will enable clinicians to tailor treatments, target appropriate adjunct
therapies, and ultimately prevent death.

This thesis combines five papers addressing risk factors associated with poor treatment
response for patients with opioid addiction receiving opioid substitution or antagonist
(OSAT) therapy. This series of papers are published or currently submitted for publication.
The first three papers explore the role of chronic pain as a predictor of continued opioid
abuse among patients maintained on OST. The last two papers evaluate optimal OSATs
for 1) patients with comorbid pain, and 2) the general opioid addiction population. What
are the reasons patients continue to abuse opioids while maintained on MMT? Even
among a largely marginalized population with substantial comorbidities, are there clinical
characteristics that distinguish patients who succeed and fail? We seek to answer these
questions using data from well-designed observational studies supplemented by

methodologically sound systematic review evidence.

The first paper, Chapter 2 (Sections 2.1 —2.10) is a systematic review, aimed at

determining the role of chronic pain as a predictor for illicit opioid use among patients on
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MMT. The study’s primary question was: among patients being treated with MMT for
opioid addiction, do those reporting chronic pain engage in higher rates of illicit opioid
use than those reporting no pain? While the concerning lack of literature evaluating this
question made completion of the review a challenging process, it justified our later efforts
to evaluate this question in a large cohort of patients with opioid addiction. This work is
currently submitted to Current Drug Abuse Reviews.

The second study (Chapter 3) comprising sections 3.1-3.9 is published in the Journal of
Neuropsychiatric Disease and Treatment."” This study aimed to clarify whether patients
with opioid addiction and pain receiving MMT engage in higher rates of illicit opioid use
than those without pain. This study also aimed to determine whether a distinctive clinical
or inflammatory profile exists to help distinguish the presence of pain among MMT
patients. Study 3 (Chapter 4, comprising sections 4.1-4.10), seeks to explore the

methodological sources of heterogeneity identified during Study 1. Study 3 determines

the impact of measurement on classifying pain and predicting high-risk opioid use
among a large cohort of MMT patients. This study raises concerns regarding the use of
the Brief Pain Inventory (BPI), the most widely used pain measurement tool, in patients

with opioid addiction. Study 4 is comprised of two parts. Study 4 Part I (Chapter 5) is the

systematic review protocol for Study 4 Part II (Chapter 6), which is currently published in

Systematic Reviews.” Study 4 Part II is the first multiple treatment comparison
evaluating the mediating effects of pain across all OSATs. This review goes beyond the
original outcome of substance use behavior to evaluate the impact of pain on psychiatric,

physical, personal, and social functioning for patients receiving OSAT. The original
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intent of this review was to identify the optimal therapy for patients with opioid
addiction and comorbid pain. This review also evaluates the most recently published
Canadian, American, and British OST guidelines to determine how the evidence for
managing comorbid pain in addiction patients is being translated to practice.

The final paper in this thesis—Study 5 (Chapter 7)—aims to evaluate the optimal therapy

for patients with opioid addiction. Study 5 is a systematic review and network meta-
analysis of 60 trials evaluating OSATSs, and the first network meta-analysis of OSATs to
date. The protocol detailing the review methods was published.”' This review evaluates
effectiveness of OSATs for improving patient retention and reducing illicit opioid use.
This paper highlights a major problem in the field of opioid addiction, primarily the lack
of consensus as to what outcomes are important or relevant for determining treatment
success in addiction patients. Study 5 provides readers with 1) a sense of the feasibility
issues associated with OSAT administration, 2) summary of the limitations of this
evidence base, 3) recommendations for how to improve the addiction trials’ design for

future research.
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CHAPTER 2

Study 1
The impact of chronic pain on illicit opioid use behavior in opioid addiction patients
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2.1 ABSTRACT

Background: While chronic pain has been said to impact patient’s response to
methadone maintenance treatment for opioid dependence, the reported findings are
inconsistent. These discrepancies may be a direct result of variations in the measurement
of chronic pain or definitions of response to methadone treatment. The goal of this study
is to evaluate the association between pain and substance use behaviour to determine the
real impact of comorbid pain in the methadone population. We also aim to examine

sources of variation across the literature with a specific focus on the measurement of pain.

Methods/Design: We performed a systematic review using an electronic search strategy
across CINAHL, MEDLINE, Web of Science, PsychINFO, EMBASE, and the Cochrane
Library including Cochrane Reviews and the Cochrane Central Register of Controlled
Trials databases. Title, abstract, as well as full text screening and extraction were
performed in duplicate. Studies evaluating the association between chronic pain and
methadone maintenance treatment response were eligible for inclusion in this review.
Results: After screening 826 articles we identified five studies eligible for full text
extraction, of which three showed a significant relationship between the presence of pain
and the increase in substance abuse among patients on methadone for the treatment of
opioid dependence. Studies varied largely in the definitions and measurement of both

pain and response to treatment.
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Discussion: The field of addiction medicine is at a lack of consensus as to the real effect
of chronic pain on treatment response among opioid dependent patients. Whether it be the
lack of a single “gold standard” measurement of response, or a lack of consistent
measurement of pain, it is difficult to summarize and compare the results of these

relatively small investigations.
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2.2 INTRODUCTION

In 2011, chronic pain was reported to affect as high as 116 million Americans,'
approximately 37% of the US population. Pain is commonly classified as nociceptive
pain or neuropathic. Nociceptive pain is caused by a sensory relay of information via
neural pathways,” where neuropathic pain is caused by nerve damage to the
somatosensory nervous system.” Opioids are among the most commonly prescribed
medications for the management of chronic pain. Opioids are highly liable for misuse,
thus the relationship between chronic pain and addiction is synergistic by nature.” Opioid
dependence is defined by the DSM-5 as problematic opioid use behaviour contributing to
clinically significant impairment or distress.” The prevalence of chronic pain among
patients with opioid dependence is relatively high and varies from 37% to 55%.°” While
it should be common practice for health care professionals to prescribe opioids with
caution,® this task has become overwhelming due to the increase in the prescription of
opioids world-wide. The global population of opioid users was estimated to have reached

33 million in the year 2012."

Methadone maintenance treatment (MMT) is an opioid substitution intervention
employed to stabilize and alleviate withdrawal symptoms in opioid dependent patients.
Patients on methadone with comorbid pain are known to have an increased risk for
psychiatric disorders, higher dose requirements, as well a decrease in social support
networks.!" The symptoms of pain are often under treated by physicians at addiction

treatment facilities.'' In addition, patients receiving methadone for opioid use disorders

10
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who suffer from chronic pain report higher rates of illicit opioid consumption in
comparison to patients without pain.!! This is concerning because illicit opioid
consumption confers an increased risk for cardiovascular abnormalities and mortality

among patients being treated with methadone.'*"”

The goal of this study is to perform a thorough assessment of the literature with the aim
of enhancing our understanding of comorbid pain in opioid dependent patients receiving
MMT, as well as identify the important sources of variation across studies evaluating
these phenomena. Results from this systematic review serve to inform health care
practitioners of the possible need for treatment tailoring and improved pain management

among patients with comorbid pain.

11
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2.3 OBJECTIVES

Perform a systematic review to:
1. Evaluate whether or not the presence of chronic pain is associated with
poor response to MMT as measured by concurrent opioid use
2. Determine the different types of measurement tools used for chronic pain
among studies on MMT patients
3. When possible, combine the results of studies selected for full text
extraction in a meta-analysis to obtain a summary statistic to evaluate the

impact of chronic pain on response to MMT

12
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2.4 METHODS

2.4.1 Data Sources and Search Strategy

This study adheres to the reporting standards outlined by the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) reporting guidelines.'® A protocol
outlining the appropriate methodological design features of this systematic review was
discussed and prepared before the onset of the investigation. This protocol is available
upon request to the authors. An electronic search was performed in duplicate using
CINAHL, MEDLINE, Web of Science, PsychINFO, Embase, and the Cochrane Library
including Cochrane Reviews and the Cochrane Central Register of Controlled Trials
databases. No attempt was made to evaluate the grey-literature (unpublished) since this
evidence is not subject to the same transparency requirements and scrutiny as studies
published in peer-reviewed journals. A comprehensive search strategy was designed a
priori, and specifically tailored for each database. This search strategy is described in
Table 2.4.1. A McMaster University Faculty of Health Science librarian was consulted
as needed through out the design and implementation of the study. The search was
restricted to 1) completed and 2) human studies.

2.4.2 Selection of Studies

The literature search and data extraction were performed independently in duplicate by
two authors (Dennis, B and Bawor, M). The two authors completed the title search,
screened articles selected for both the title and abstract screening using predetermined
inclusion criteria, and performed a full text extraction on all eligible articles using pilot

tested data extraction forms. Any disagreements between raters in their title and abstract
13
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screening or full text extraction were resolved by discussion. If discussion between the
raters did not lead to a resolution, a third author (Samaan, Z) was consulted and had the

final judgment as to whether the disputed article would be accepted.

The systematic review flow diagram of the article selection process can be seen in Figure

24.2.

2.4.3 Inclusion and Exclusion Criteria

The study must have investigated the association between chronic pain and continued
opioid abuse in patients with opioid use disorder to be eligible for inclusion. We did not
place any restriction on study design methodology, allowing randomized trials,
observational studies such as case-control or cohort investigations, as well as qualitative
studies to be eligible for inclusion. No restrictions were placed on the language,
geographic locations, or time-period of study. However, the study was required to have
evaluated “response” to MMT, preferably a measure of continue opioid abuse by self-
report or urine screening. Any incomplete studies, animal studies, or “preliminary
findings” were not eligible for inclusion into this review. Additionally, studies evaluating
participants on substitute opioid therapies other than methadone (i.e. buprenorphine) were

not eligible for inclusion into the review.

2.4.4 Data Abstraction

The two authors (Dennis, B and Bawor, M) extracted data from the studies using a pilot

tested data extraction form. Information extracted included: author, date of publication,

14
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journal of publication, number of study participants, definition of chronic pain, definition
of response to MMT, percentage/number of participants with chronic pain, primary
outcome of the study, measurement of pain, measurement of continued substance-use,
statistical analysis performed, description of study population (i.e. income), mean
methadone dose (mg/day), mean age, overall statistical findings, factors associated with

treatment response, and study conclusions.
2.4.5 Assessment of Methodological Quality

Two authors (Dennis, B and Bawor, M) assessed the methodological quality of all
eligible studies using a modified Newcastle Ottawa scale for observational studies'’ and
the Cochrane Risk of Bias Tool'® for randomized controlled trials. Any discrepancies
between the independent raters were first resolved by discussion, if discussion did not
lead to an adequate solution a third rater (Samaan, Z) was brought to make the final

decision.
2.4.6 Outcome Measurements

Response to MMT was determined by evaluating a patients substance use behaviours
such as a patient’s ability to abstain from illicit substance use during the course of MMT.
Our primary concern was the differences in opioid use behaviour in patients with pain.
Continued opioid abuse can be measured through self-report or urine toxicology

screening, and both of these outcome measurements were accepted.

15
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2.4.7 Statistical Analysis

Provided there was limited heterogeneity between studies, meta-analytical methods were
to be used to derive a summary statistic representing the combined result of all studies
evaluating the impact of pain on response to MMT. However, as originally anticipated,
the measurements for both chronic pain and opioid use were too diverse to be combined
statistically. Therefore, results of this systematic review are reported narratively.
Agreement levels between the independent reviewers were measured using the kappa

statistic.

16
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2.5 RESULTS

2.5.1 Study Selection
The search was performed from the date of inception of databases to November, 2014.
The search strategy was applied to the CINAHL, MEDLINE, Web of Science,
PsychINFO, EMBASE, and Cochrane Library including Cochrane Reviews and the
Cochrane Central Register of Controlled Trials databases. Please refer to Figure 2.4.2
for a detailed diagram outlining the flow of article selection. Among the 826 articles
identified in the title search, only five met the inclusion criteria for this review.”'”
After full text extraction we noted significant methodological differences among studies,
inhibiting the possibility for pooling the results of the five selected studies. The
observed quadratic weighted kappa agreement among the independent reviewers for

the title, abstract, and full text screening was 0.53 (95% CI 0.4, 0.6), 0.54 (95% CI

0.2,0.87), and 1 (95% CI10.99, 1), respectively.

2.5.2 Study Characteristics

The descriptive characteristics of studies included in this review are summarized in
Table 2.5.2a. Of the five studies eligible for full text extraction, four were cross-
sectional and one was a prospective cohort study. Of the studies selected, the majority
(excluding Barry, 2008), were performed in relatively large populations, with sample
sizes varying from 200 to 390 (Table 2.5.2a). The mean age of participants ranged

from 29.6 to 49.5 years and the majority of participants were male (Table 2.5.2a).

17
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A total of five studies were reviewed to determine the association between the presence
of chronic pain and patient response to methadone maintenance therapy, as measured

through a patient’s ability to abstain from illicit opioids (Table 2.5.2a and Table 2.5.2b).

The definition and measurement of response to MMT varied across studies. Some studies
reported response to treatment as the number of days of illicit heroin or opioid abuse in

the last month,*'*

while other studies chose to report the percentage of chronic pain
patients who report using illicit opioids, heroin, or other substances in the last 30
days.”'”?° In addition, the studies by Trafton et. al (2004) and Ilgen et. al (2006) used the
same participant population, where the earlier investigation was a cross-sectional

analysis of preliminary data,”* and the latter reported the one-year follow up findings.*'
y p y p y

2.5.3 Definition and Measurement of Chronic Pain

Among the studies included in this systematic review, different methods were used to

measure chronic pain. While some studies simply ask participants whether they are

19,20 7,21,22

experiencing pain, ~ other studies used validated scales. A detailed outline of the

definitions and measurements used to identify patients with pain is summarized in Table

2.5.2b. Trafton (2004) and Ilgen et. al (2006) used the SF-3V6 Quality of Life Index?"*
pain index, which is a self-report scale inquiring into the pain experienced by patients
over a 4 week time-frame. Rosenblum et. al (2003) used the BPI scale, in addition to the

BPI subscale to measure pain interference.’

Trafton (2004) and Ilgen et. al (2006) asked patients to define the pain they have

21,22
“* In

18

experienced over the last four weeks on a scale from moderate to very severe.
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comparison, Rosenblum (2003) categorized patients as having chronic pain if they
reported a pain that persisted for more than 6 months that was of moderate to severe
intensity and significantly interfered with daily activities.” Barry (2009) assessed the
duration and intensity of pain by asking patients if they had pain in the last 7 days and if
this pain has lasted at least 3 months.'” In addition Barry (2009) inquired about the level

and intensity of the pain using a 5 point scale (0-5 scale, 5 being unbearable)."”
2.5.4 Definition and Measurement of Treatment Response

Definitions and measurement of methadone response was different across studies,
limiting our ability to combine these results using meta-analysis. Some studies chose to
use self-reported opioid use over a 30-day timeframe as an indicator for successful

response to MMT .2

Trafton (2004) and Illgen (2006) measured the propensity for
misuse of substances with analgesic effects, evaluating the number of days of drug use
(including opioids and heroin) over a 30-day timeframe, as well as the percentage of

patients who injected drugs in the last 6 months.*"**

Barry (2009) viewed a patients
consumption of prescription and non-prescription opioids in the last 7 days as a measure
of response to methadone, plainly reporting the percentage of participants (separated by
chronic pain status) who have engaged in illicit opioid use."” Barry (2009) evaluated
patients’ reported reasons for relapse, showing pain to be commonly reported.'’ Barry et.
al (2008) investigated health care practitioners experiences with MMT patients, where

they asked practitioners to report about the demographic information of their patients,

specifically what percentage of patients continue to abuse illicit opioids and other

19
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substances in an effort to reduce pain *°. Rosenblum et al. (2003) chose to investigate

drug cravings, drugs used in the last 3 months and patient’s reasons for using drugs.’

Similar to the measurement of chronic pain, a number of these studies relied on self-

7,19,20

report to a prioi defined questions, while other studies chose to include a validated

tool such as the Addiction Severity Index to assess the severity of substance abuse

. 21,22
behavior.””

2.5.5 The Association Between Chronic Pain and Concurrent Opioid Abuse
Findings of studies eligible for inclusion into the review are summarized in Table 2.5.2a.

Trafton et. al (2004) undertook a cross sectional investigation with 251 veterans seeking
methadone treatment for opioid dependence (majority male, 97%).* This study evaluated
the number of days of drug use (opioids, heroin, cocaine) over a 30-day timeframe.
Trafton et. al (2004) also explored injecting drug use behaviour over a 6 month time-
period.” This investigation used the statistical analysis of variance measure (ANOVA) to
determine whether differences exist between the chronic pain, non-chronic pain and
overall populations.”” The ANOVA t-tests showed significant differences (p=0.03) exist
when evaluating the mean number of days (out of 30) of illicit opioid use between the
overall (1.6 days), pain (2.3 days), and non-pain (0.8 days) populations. They found no
significant differences (p>0.05) when evaluating the injecting drug use behaviour of pain

(n=62), non-pain (n=65), and overall participant populations (n=63).>
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The Rosenblum et. al (2003) paper was a cross sectional study with 390 participants
(62% male) who sought MMT to manage their opioid dependence.” Rosenblum et. al
(2003) also investigated the response outcomes of short-term in-patient facility patients,
however all findings were reported separately’. When determining response to treatment,
Rosenblum et. al (2003) investigated drug cravings, drugs used in the last 3 months and
the participant’s reported reasons for relapse.” When analyzing the differences between
participants with chronic severe pain and those without, Rosenblum et. al (2003) used a
Mantel Hanzel Odds Ratio (OR) test the ordinal outcomes of drugs used in the last 3

months (none, 1, 2, > 3) and drug cravings (none, low, high).’

Using no reported cravings as the OR reference, Rosenblum et. al (2003) found 31%
chronic pain patients report no craving, 34.2% of chronic pain patients report low
cravings, and 43.1% report high number of cravings. The findings showed the rates of
drug craving were similar regardless of reported pain, except for the comparison of
patients reporting high rates of craving in comparison to patients reporting no cravings,
where the OR showed patients reporting pain have a higher reported number of cravings
(OR: 1.67, 95%CI: 0.99, 2.83, p<0.05).” When looking at the number of times of drug use
in the last 3 months, Rosenblum et. al (2003) categorized this behaviour into four
categories (none, 1, 2, > 3), where participants who were grouped into the > 3 times of
drug use could be considered the more severe non-responders. Among the population of
patients reporting > 3 times of drug use, 36.7% reported chronic pain.” However, using
“no reported drug use,” as the reference category, they found no significant differences

between the number of patients reporting pain among the different drug use categories.’
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Ilgen et. al (2006) followed a prospective cohort design, where by 200 patients from the
original Trafton (2004) study were followed for one year (99% male).*' Iigen et. al
(2006) used a repeated measures ANOV A analysis to determine the differences between
chronic pain groups and intake and 1 year follow up for the number of days of drug use
(out of 30-day assessment) for heroin and illicit prescription opioids.” Ilgen et. al (2006)
found the presence of chronic pain did not greatly impact participants substance use
behaviours, where patients reporting pain (intake[I]:2.5 days opioid use, 1-year[1]:0.3
days opioid use/I: 21.9 days heroin use, 1: 3.1 days heroin use), no-pain (I: 0.8 days
opioid use, 1: 0.0 days opioid use/I: 23.0 days heroin use, 1: 3.5 days heroin use), and the
overall population (I: 1.7 days opioid use, 1: 0.2 days opioid use/I: 22.4 days heroin use,
1: 3.3 days heroin use) showed similar rates of heroin use and only a mild difference in
the rate of illicit opioid use (p=0.012), where the observed treatment effect is marginal.21
When comparing the rates of substance use (heroin and opioids) at in-take and one-year

follow-up, there were significant reductions for all groups.”'

The Barry et. al (2008) followed a cross-sectional qualitative study design, where by the
investigators interviewed health care practitioners (counselors) treating opioid dependent
patients, inquiring into the influence of chronic pain on patients response to MMT.*
Barry et. al (2008) reported descriptive statistics of the counselors’ patients, as well as
their reported experiences with this population. Interviews revealed 60% of chronic pain

patients report continued drug use to their counselors, and that 56% of chronic pain
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patients attributed their continued substance use patterns to their attempts at pain

. 20
reduction.

Barry et. al (2009) report findings from a cross-sectional investigation assessing the
influence of chronic pain on 293 MMT patients."” Barry (2009) investigated different
indicators for methadone response including the reported consumption of prescription and
non-prescription opioids in the last 7 days for the purpose of reducing pain.'” Barry
(2009) used a chi-square statistic to compare substance abuse in the last 7-days between
chronic pain and non-chronic pain patients, where they found no statistically significant
differences. The found rates of using: more than prescribed opioid medication (chi-square
statistic: 0.25, p>0.05), someone else’s opioid medication (chi-square statistic: 1.21,
p>0.05), heroin (chi-square statistic: 0.15, p>0.05), street methadone (chi-square statistic:
1.54, p>0.05), more than prescribed non-opioid medication (chi-square statistic: 2.46,
p>0.05), more than prescribed benzodiazepine medication (chi-square statistic: 2.74,
p>0.05), and someone else’s non-opioid medication (chi-square statistic: 3.38, p>0.05)
were not significantly different between patients reporting a life-time history of pain in

comparison to patients reporting no history of pain.

2.5.6 Impact of Chronic Pain and Response to MMT Definitions and Measurements

on Study Findings

The measurements of chronic pain and substance use behaviour do not appear to bias the
study findings in a particular direction. Table 2.5.2b provides a summary of the major

findings and different measurements used across studies. The Trafton et. al (2004) and
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Ilgen et. al (2006) studies emerged from the same patient population, with Ilgen’s (2006)
results corresponding to the 1 year follow-up data. As expected each study used the same
measurements for pain and treatment response and also reported similar findings.*"** The
outcome assessment timeframe, pain measurement tools, as well as definitions and
response varied even within the studies reporting similar associations (Table 2.5.2b). No
differences in measurement were noted when comparing the studies reporting no

7,19,21

significant findings to those showing chromic pain as an important predictor or poor

20-22
treatment response.

2.5.7 Methodological Quality Assessment

Using the Newcastle Ottawa Scale to evaluate risk of bias across individual studies, we
found limited variation between studies (Table 2.5.7), with the majority of studies having
the same weaknesses. These weaknesses include 1) the inadequate assessment or
discussion of missing data, 2) lack of objective measurements for exposure or outcome
ascertainment, and 3) improper or lack of adjustment for important confounders
(adjusting for duration in MMT) when comparing the impact of pain on response to

opioid addiction treatment.
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2.6 DISCUSSION

There is a disagreement in the evidence addressing the impact of chronic pain on
methadone treatment outcomes. While some studies appear to be reporting a strong

7,22

association between chronic pain and substance abuse among MMT patients, **~ other

21 In an effort to determine whether there truly is an

studies report no association.
association, or if the differences in observed are a result of differences in methodology,
we have performed a systematic review to identify all studies investigating chronic pain
and methadone response among opioid dependent patients. We have outlined the study

design, investigative findings, and statistical measures of association used for all of the

collected studies.

The results of this investigation emphasize the real lack of consensus existing in the
research community as to whether chronic pain significantly impacts patient’s treatment
response characteristics such as substance abuse behaviour. Our findings are complicated
by the fact that there are few studies assessing pain in patients with opioid dependence
and each study that did used varying definitions of treatment response and measurements
of pain. More explicitly, the Trafton (2004) and Ilgen (2006) studies used the Short-Form
3V6 questionnaire (SF3V6),”** the Barry (2008) and (2009) used patients self reported
pain (patient’s reporting they have pain when asked),'*”” and the Rosenblum (2003) study
used the BPI pain measurement.’ The variances in pain measurements across studies

could have contributed to the differences in reported opioid abuse behaviour.
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Reviewing the measurement of treatment response across studies further highlights
discrepancies in the literature. While the Trafton et. al (2004),” Rosenblum et. al (2003),’
and the Barry et. al (2008)*° studies report significant treatment effects among patients
with pain, whereby their substance use is increased, the Ilgen et. al (2006)*' and Barry et.
al (2009)"? do not support such findings. The studies supporting the hypothesis that
chronic pain impacts methadone treatment use self-reported measures of substance use
over the time frame of 30 days ** to 3 months.” In addition, the Rosenblum (2003) study
reviewing substance use behaviour over a 3-month period reported only significant
findings for drug “cravings,” among patients reporting pain.” Their results were
inconclusive when determining whether patients with pain abuse substances at a higher
rate. The Ilgen (2006) study reported no association between pain and treatment response,
however this study used a 7-day time frame.>' Duration of follow-up is a pertinent design
feature for studies evaluation the methadone maintenance treatment patient response. As a
chronic and remitting disorder, opioid dependence should be cataloged and analyzed over
a broad timeframe. With a reported 2-year median length of treatment,” it seems

inappropriate to determine the predictors of response using a time frame of 7-30 days.

While we have spent a considerable amount of time explaining reasons for the
inconsistent findings reported across the literature, it is important to focus attention on the
ways future studies can improve our confidence in the estimates. To start, future
investigations should focus on prospectively collecting data on MMT patients, preferably
collecting repeated measurements over time for both pain and substance use. Repeated

measurements allow for an assessment of the change in pain and substance use behaviour.
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We would be more confident if investigators can demonstrate a causal association, such
that substance use behaviour changes in accordance with pain severity. Moreover, a dose-
response relationship such as increasing pain severity corresponding to increasing opioid
consumption would also demonstrate a more causal association. While many of the
studies here chose to evaluate opioid consumption with different measurements, we
would suggest the use of more objective measures such as urine toxicology screening to
avoid social desirability bias. Due to the chronic and remitting nature of opioid use
disorder, we would also suggest the evaluation of substance use behaviour over a broader
time frame (2-3 months). As for the evaluation of pain, results from this review are
important since we demonstrate the measurement of pain (BPI tool vs. self-report) is not
the likely source of bias contributing to the inconsistencies reported in the literature.
However, it will be important to assess the severity of pain in order to demonstrate a
causal association (eg. Dose-response), thus selection of a measurement tool with items

assessing pain on a continuum is preferable.

Future studies can also benefit by improving their statistical approaches to evaluating the
impact of pain on substance use behaviours. Our methodological assessment of the
current literature shed light on the statistical analysis methods utilized across studies
assessing pain in the methadone setting, where we find the majority of studies relying on
unadjusted estimates. Evaluation of an exposure such as pain prevents us from using a
randomized design, limiting our methodological selection to the more bias prone
observational designs. Randomized studies benefit from the equal distribution of

prognostic variables across intervention/exposure groups. Acknowledging our inability to
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assure the balance of confounding variables between our exposure populations (pain vs
non-pain), statistical attention should be paid to adjustment through multi-variable
regression analysis. Generation of a well-fit multi-variable regression model could benefit
the majority of analyses discussed in this review, providing an opportunity to evaluate the
impact of pain while adjusted for age, sex, duration on methadone treatment, methadone
dose (mg/day), as well as socio-economic characteristics such as employment, income,
and educational background. While many of these variables were discussed during each
study’s population description, none were properly adjusted for in a regression model or
evaluated in later stratified analyses. This is concerning since many of these variables
(socioeconomic characteristics, duration on treatment) are known to directly impact a

patient’s propensity for substance use.>*>

Lastly, future studies will also benefit by exploring the etiology of pain and the
subsequent effect of this on treatment prognosis. Studies included in this review sought to
establish the impact of chronic non-cancer pain on opioid use behavior, however none
address the fact that the etiology of pain experienced by those with addiction is
multifaceted. For instance, patients may experience hyperalgesic effects of methadone
due to opioid induced hyperalgesia, whereby opioid exposure may increase the intensity

of preexisting pain.””**

Patients may also be experiencing withdrawal pain, pain from
injury, recurrent pain from healed injury sites, as well as pain from ongoing central or

peripheral pathology, all of which may have different effects on subsequent opioid use

behavior.
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2.7 CONCLUSION

The field of addiction medicine is at a lack of consensus as to the real effect of chronic
pain on treatment response among opioid dependent patients. The lack of a single “gold
standard” measurement of treatment response and the lack of a consistent measurement of

pain makes it difficult to summarize and compare the results of existing studies.
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2.9 FIGURES AND TABLES

Figure 2.4.2: Flow Diagram of Systematic Review Title, Abstract, and Full Text

Screening

Figure 1: Flow Diagram of Systematic Review Title, Abstract, and Full Text
Screening

Search in CINAHL, MEDLINE, Web of
Science, PsychINFO, EMBASE, and the 151 duplicate studies removed
Cochrane Library including Cochrane
Reviews and the Cochrane Central
Register of Controlled Trials databases
resulted in 826 studies for title search

675 eligible for title screen

.| 634 Studies excluded during title screen

A 4

41 studies eligible for abstract screening

.| 35 studies excluded during abstract screening

A 4

6 studies eligible for full text
screening

A4

1 study excluded during full text screening

A

5 studies eligible for inclusion into
review

A

5 studies included in systematic
review
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Table 2.4.1: Description of Electronic Search Strategies

CINAHL Search Strategy

(MM ““chronic pain+”)

(MH “hyperalgesia”)

(MH “opioid induced hyperalgesia™)
(MH “methadone+”)

(MH “methadone maintenance treatment+’)
(MH "opioid substitution treatment")
(MH "opioid addiction"

(MH "substance related disorders")
9. 10R20R3

10. 40R50R6

11.70R 8

12.9 AND 10 AND 11

O NN RN =

MEDLINE Search Strategy

1. methadon.mp OR methadone/

2. limit 1 to humans

3. opioid substitution treatment.mp/ OR opiate
substitution treatment/

4. limit 3 to humans

5. substance-Related Disorders.mp OR
substance-related disorders/

6. limit 5 to humans

7. chronic pain.mp. or Chronic Pain/

8. limit 7 to humans

9.20R 4

10. 9 AND 6 AND 8

Web of Science Search Strategy

1. Topic=("methadone" OR "methadone
maintenance therapy")

2. Topic=("opioid dependence" OR "addiction")
3. Topic=(*“chronic pain “ OR “pain”)

4.1 AND2 AND 3

refined to original articles in substance
use/psychiatry research area

PsychINFO Search Strategy

1. exp Drug Therapy/ or exp Methadone
Maintenance/ or exp Heroin Addiction/

2. exp Methadone/ or exp Drug Therapy/ or exp
Drug Dependency/

3. exp Drug Therapy/ or exp Methadone
Maintenance/
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4. exp Drug Abuse/ or substance related
disorder.mp. or exp Drug Dependency/

5. substance abuse.mp. or exp Drug Abuse/
6. chronic pain.mp. or exp Chronic Pain/
7.10R20R3

8.40R 5

9.7 AND 8 AND 6

EMBASE Search Strategy

1. methadone treatment/ or methadone/ or
methadone plus naloxone/

2. methadone/ or opiate addiction/ or substitute
opioid therapy.mp

3. opiate substitution treatment/ae [ Adverse
Drug Reaction]

4. substance abuse/ or addiction/ or drug
dependence/

5. chronic pain.mp. or chronic pain/
6.10R20R3

7.4 AND 5 AND 6

Cochrane Library (Cochrane Review
and Cochrane Central Register of
Controlled Trials) Search Strategy

1. "methadone" OR “methadone maintenance
treatment” OR “opioid substitution treatment”
2. "substance abuse disorder" OR "opioid abuse"
OR "substance-related disorder" OR "opioid
addiction"

3. "chronic pain" OR "pain" OR "hyperalgesia"
OR "neuropathic pain" OR “pain”

4.1 AND2 AND 3

33




Ph.D. Thesis — BB. Dennis; McMaster University — Health Research Methodology

Table 2.5.2a: Summary of Results of Studies Eligible for Inclusion into Systematic Review

Number of
Study Participants Findi Magnitude of A
Author Name Year Journal Name Design (mean age) % Male Definition of Methadone Response Statistical Analysis p-value
ANOVA t-tests evaluating the
ANOVA for first differences in the mean number of days
outcome (i.e. Days of (out of 30) of illicit opioid use
Drug use in last 30 between the overall (1.6 days), pain
days) and chi square (2.3 days), and non-pain (0.8 days)
Propensity for misuse of substances with analgesic ﬁ.’r percentage of popu]at!qns found a significant
- - patients who injected (p<0.03) difference between these
effects (number of days of drug use including 4 in last 6 th
opioids and heroin in the last 30 days and rugs in last 6 months) groups.
Drug and Alcohol Cross percentage of patients who injected drugs in the
Trafton, J.A 2004 Dependence Sectional 251 (49) 97 last 6 months)
60% of chronic pain patients of
counselors reported continued drug
Qualitative Study, use, 56% of chronic pain patients of
reported descriptive counselors attributed the continued
- statistics drug use to reasons for pain reduction
Qualitative
Journal of /Cross Experiences Working with MMT patients, and
Barry, D.T 2008 Addiction Medicine Sectional 25 (n/a) 28 Interest in receiving specialized training
Presence of chronic pain did not
greatly impact participants substance
use behaviours, where patients
reporting pain (intake[I]:2.5 days
opioid use, 1-year[1]:0.3 days opioid
use/I: 21.9 days heroin use, 1: 3.1 days
heroin use), no-pain (I: 0.8 days opioid
use, 1: 0.0 days opioid use/I: 23.0 days
heroin use, 1: 3.5 days heroin use), and
the overall population (I: 1.7 days
opioid use, 1: 0.2 days opioid use/I:
22.4 days heroin use, 1: 3.3 days heroin
R ted M use) showed simi_lar rates gfhcroin use
Looking at number of days of drug use out of the cpeated Vieasures and only a mild difference in the rate of
Prospectiv last 30 days for heroin and illicit prescription ANOVA illicit opioid use across groups
Drug and Alcohol e Cohort analgesics), comparing chronic pain and no chronic (p=0.012), where the observed
Ilgen, M.A 2006 Dependence Design 200 (49.5) 99 pain patients at intake and 1 year treatment effect is marginal.
OR used for all Significant Association found for drug
outcomes (i.e. Drugs craving differences between chronic
used in the last 3 pain and non-chronic pain patients
months, drug cravings, (p<0.05), no significant differences
and reasons for using between the number of times of drug
Correlates of Chronic Severe Pain (drug cravings, drugs) use in the last 3 months (p>0.05)
Cross drugs used in the last 3 months and reason for
Rosenblum, A. 2003 JAMA Sectional 390 (43) 62 using drugs)
Rates of using more than prescribed
. opioid medication (chi-square statistic:
C.hl _Squarc, no 0.25, p>0.05), someone else’s opioid
293 (35.7 for significance in dication (chi-square statistic: 1.21
chronic pain, substance abuse in the me 1S L
. . e _ p>0.05), heroin (chi-square statistic:
American Journal Cross 29.6 for non- Consumption of prescription and non-prescription last 7 days between CP 0.15, p>0.05), street methadone (chi-
Barry, D.T 2009 of Addiction Sectional chronic pain) 60 opioids in the last 7 days to reduce pain and non CP patients - L

square statistic: 1.54, p>0.05) were not
significantly different between patients
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reporting a life-time history of pain in
comparison to patients reporting no
history of pain.
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Table 2.5.2b: Definitions and Measurements of Chronic Pain and Treatment Response Across Studies

Author Name

Year

Definition of Chronic
Pain

Chronic Pain Measurement

Definition of Methadone
Response

Measurement of Methadone
Response

Findings

Trafton, J.A

2004

moderate to very severe
pain (scale = none, mild,
moderate, severe, very
severe) experienced in the
last 4 weeks

using the SF-3V6 (tested in
veteran populations)

propensity for misuse of opioid
substances (number of days of
drug use including opioids and
heroin in the last 30 days and
percentage of patients who
injected drugs in the last 6
months)

Addiction Severity Index, self-
report

t-tests evaluating the
differences in the
mean number of days
(out of 30) of illicit
opioid use between
the overall (1.6 days),
pain (2.3 days), and
non-pain (0.8 days)
populations found a
significant difference
between these groups.

Barry, D.T

2008

pain lasting greater than 3
months

self-report

no single definition of
methadone response, just
reported experiences of staff
working with MMT patients

self-report, questionnaire

higher percentage of
chronic pain patients
attributed continued
opioid use for pain
reduction

Ilgen, M.A

2006

moderate to very severe
pain (scale = none, mild,
moderate, severe, very
severe) experienced in the
last 4 weeks

SF-3V6 Quality of Life Index,
self report on a scale, in last 4
weeks how much pain have you
experienced (none, mild, mod,
severe, very severe)

continued opioid abuse, looking
at number of days of drug use
out of the last 30 days for heroin
and illicit prescription
analgesics)

Addiction Severity Index, self-
report

significant difference

in the number of days

of opioid use between
the pain, non-pain,
and over-all patient

groups, this
difference was not
observed for heroin
use

Rosenblum, A.

2003

pain that persisted more
than 6 months of moderate
to severe intensity or
significantly interfered
with daily activities

Brief Pain Inventory, adapted,
0-10 point scale and pain
interference measured with BPI
subscale

drug cravings, drugs used in the
last 3 months, and reason for
using drugs

self-report, questionnaire

higher rates of drug
cravings among
patients with pain,
however no
significant differences
between patients with
and without pain
when evaluating drug
use over the last 3
months (p>0.05)
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Barry, D.T

2009

Presence of pain in the last
7 days — 3 months, and
level of intensity on a 6
point scale (0-5 scale, 5

being unbearable)

self-report

consumption of prescription and
non-prescription opioids in the
last 7 days to reduce pain

self-report, questionnaire

rates of opioid misuse
did not significantly
differ between
patients reporting a
life-time history of
pain in comparison to
patients reporting no
history of pain
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Table 6.4: Risk of Bias Assessment: Modified Newcastle Ottawa Scale for Methadone Patient Research

Risk of Bias Criterion Ilgen 2006 Trafton 2004 Rosenblum 2003 Barry 2009

Selection Bias Is the case definition adequate? (how ® ® ® ®
well is chronic pain and/or methadone
response defined)

Was there a consecutive or obviously @ ® @ ®
representative series of cases?
Were controls selected from the ® @ @ ©)

community? (are cases and controls
selected from the same methadone
clinic populations)

Definition of control: Were controls ® ® ® ®
disease free?
Detection Bias Comparability of cases and controls on ® ® ® ®

the basis of the design or analysis:

a) Study controls for duration of
treatment when assessing response to
MMT

Ascertainment of exposure and ® ® ® ®
outcome of interest included an
objective measurement (i.e. use of
urine toxicology screening and a
validated pain measurement scale)

Was there the same method of ® ® ® ®
exposure ascertainment for cases and
controls?

Is there little missing data? ® ® ® ®
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3.1 ABSTRACT

Background: Chronic pain is the most commonly reported comorbidity among patients
with opioid addiction receiving methadone maintenance treatment (MMT), with an
estimated prevalence ranging between 30 to 55%. There exists conflicting evidence to
suggest patients with comorbid pain are at high risk for poor treatment response
including continued illicit substance use. Due to the important relationship between the
presence of pain and illicit substance abuse within the MMT setting, it is imperative we
target our efforts toward understanding the characteristics of this patient population.
Methods: The primary objective of this study was to explore the clinical and
inflammatory profile of MMT patients reporting comorbid pain. This multi-centre study
enrolled patients (n=235) on MMT for the treatment of opioid dependence. Clinical
history, blood and urine data were collected. Blood samples were obtained for
inflammatory markers serum levels (TNF-a, IL-1ra, IL-6, IL-8, IL-10, IFN-y and CCL2).
The study objectives were addressed using a descriptive statistical summary and a
multivariable logistic regression model constructed in STATA Version 12.

Results: Among participants eligible for inclusion (n=235), serum IFN-y and substance
abuse behavior proved to be important delineating characteristics for the detection of
comorbid pain. Analysis of inflammatory profile showed IFN-y to be significantly
elevated among patients reporting comorbid pain (Odds Ratio: 2.02 95%CI: 1.17, 3.50;

p=0.01). Patients reporting comorbid pain were also found to have an increase in positive
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opioid urine screens (OR: 1.02 95% CI 1.00, 1.03; p=0.01), indicating an increase in

illicit opioid consumption.

Conclusion: MMT patients with comorbid pain were shown to have elevated IFN-y and
higher rates of continued opioid abuse. The ability to objectively distinguish between
patients with comorbid pain may help to improve the prediction of poor responders to
MMT as well as identify treatment approaches such as anti-inflammatory medications as

a safe alternative for MMT patients with comorbid pain.
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3.2 INTRODUCTION

Attention towards improving treatments for opioid dependence is increasing in
conjunction with efforts to control the abuse of opioids. These efforts are seriously
challenged by the increase in opioid prescriptions worldwide, where the global population
of opioid users is now estimated to be 21.9 million people.' Methadone—a synthetic
opioid—is the most common treatment of opioid dependence.” It is given to alleviate the
symptoms of withdrawal and prevent relapse.” Studies examining patients on methadone
maintenance treatment (MMT) report chronic pain as a common comorbid disorder, with
prevalence ranging from as low as 37%’ in some studies to as high as 55.3% in others.*
Chronic pain is both prevalent and concerning for patients with opioid addiction. Patients
with comorbid chronic pain report a higher incidence of continued opioid abuse
(COA).*>® Concomitant use of illicit opioids in combination with MMT poses a serious
risk of abnormal cardiac conductivity,”® overdose,”'’ and death.” MMT patients with
comorbid chronic pain are thought to be in the highest risk category for such adverse
events due to the larger amount of illicit opioid consumption chronic pain patients
report.”> Such reported outcomes in combination with the high reported prevalence of
pain dictate the need for further investigation into the characteristics and treatment effects
of pain in patients with opioid use disorder. Determining the important delineating
features of pain among MMT patients will help clinicians to develop a stronger

understanding of the clinical profile and risks associated with comorbid pain.
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Inflammatory profile serves as a recent development in the search for objective measures
of pain, and possibly a source of discrimination between patients with and without chronic
pain. Both cytokines and chemokines operate as neuromodulators, regulating
neuroinflammation and neurodevelopment.'’ The dysregulation of cytokines and

12,13

chemokines is associated with both neuroinflammation and neurodegeneration, and

any increase in neuroinflammation can result in neuropathic pain as well as

14-16

inflammation. Proinflammatory cytokines and chemokines have been noted to also

provoke hyperalgesia.'”'® One such study demonstrated a dose response relationship
between elevating cytokine level (IL-1, IL-2, IL-6, IFN-y, TNF-a) and chronic pain
severity.18 However this study was restricted by a small sample size (94 patients with pain,
6 healthy controls), where most cytokines failed to reach significance after adjusting for

multiple testing.'®

Due to the important relationship between the presence of pain and illicit substance abuse
as well as the overwhelming presence of pain within the methadone setting, it is
imperative we target our efforts toward understanding the characteristics of this patient
population. Understanding pain is important not only in preventing adverse health
outcomes for patients, it is vital for reducing social expenditure on treatments that may
stand ineffective for specific subpopulations. The studies examining the characteristics of
chronic pain are small in number and marked by inconsistent findings. There are an equal
number of studies reporting a positive association between chronic pain and continued
opioid abuse (COA)>” as those reporting no significant findings.'”° As well, we have yet

to properly identify the mechanisms of pain among MMT patients. These shortcomings
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prompted us to commence a sizable investigation of MMT patients to address our primary
research objective: to explore the clinical and inflammatory profile of MMT patients
reporting comorbid pain. We addressed our objective using data collected for the
GENetics of Opioid Addiction (GENOA) research collaborative.”’ GENOA is a multi-
centre cross-sectional investigation, accomplished through the partnership between

McMaster University and the Canadian Addiction Treatment Centres (CATC).*
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3.3 METHODS

3.3.1 Overview of GENetics of Opioid dependence (GENOA)

Data have been collected for this study from the GENOA research collaborative between
the Canadian Addiction Treatment Centres (CATC) — the largest MMT network of opioid
dependence treatment centres in North America — and the Population Genomics Program
in the Faculty of Health Science at McMaster University. The detailed methodology of
the GENOA investigation has been described previously.”’ The GENOA study is a multi-
centre cross-sectional analysis, which includes clinical data from four sites (methadone
clinics) in southern Ontario. Participants were enrolled in the study between June and

December of 2011. The Hamilton Integrated Research Ethics Board approved this study.

The study inclusion criteria, were: men and women, age =18 years, ability to provide
informed consent, willingness to provide a blood sample, and receiving methadone for
opioid dependence treatment. All study participants were diagnosed with opioid
dependence according to DSM-IV criteria, based on clinical interviews at the time of entry
into treatment with methadone. This study will focus on the data collected from 235 MMT
patients (Figure 3.3.1), investigating the relationship between self-reported comorbid pain
and methadone response. Information on participants' physical comorbidities was gathered
from face-to-face clinical interviews performed by trained OATC nurses. The presence of
chronic and/or comorbid pain was determined by asking patients to respond to the
following question: “are you currently experiencing or have been diagnosed with chronic

pain?” The use of this question to define chronic pain cases has
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been validated against the Brief Pain Inventory in a previous study.** Results from the
validation suggest simply asking patients whether they have pain shows an 88.8%
specificity, 84.4% PPV and C-statistic of 0.69.>> COA was determined through the
assessment of weekly urinalysis for illicit opioids testing. Pain was also examined in
relationship to the following inflammatory markers: TNF-a, IL-1ra, IL-6, IL-8, IL-10,
IFN-y, and CCL2 serum. Evidence shows that different anticoagulants (such as EDTA
present in blood collection tubes) influence absolute cytokine levels in various

23-25 .
manners; as such serum levels were used in preference to plasma.

Interviewers obtained weight and height measurements from all participants. Information
on social demographic factors, medical history, methadone dose, methadone treatment
duration, family history of drug use, and psychiatric disorders were obtained during the
interview process. All participants received the Mini International Neuropsychiatric
Interview (M.L.N.L.) drug and alcohol modules. Blood samples were taken for serum
inflammatory markers level. Participant blood specimens were processed within 2 hours
and stored on site in — 20 degrees Celsius freezers then shipped monthly to the Hamilton

research lab and stored in liquid nitrogen until the time of analysis.
3.3.2.0 Laboratory Analyses

Laboratory measures include urine toxicology screens to measure illicit opioid abuse, and

Bio-Plex ™ Cytokine Assay (Bio-Rad)*® to measure serum inflammatory markers.

3.3.2.1 Urinalysis: Qualitative and semi-quantitative urinalysis was conducted using

iMDx™ Prep Assay.”” The iMDx"™ Prep Assays are intended for the measurement of
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drugs-of- abuse as well the identification of adulteration in human urine samples on the
iMDx™ Analyzer and used in drug rehabilitation clinics and physician offices by trained
users. OATC clinics require patients to provide weekly urine samples as part of routine
clinical care. While participants are also tested for cocaine, THC, and benzodiazepines,
we are primarily interested in the patient’s use of opioids. Using the iMDx"™ Prep Assays
we are able to differentiate between specific types of opioids such as naturally occurring
opioids (morphine), prescribed synthetic opioids, as well as methadone.?’” In this
investigation opioid use is an indicator for methadone response. Since methadone is not
used for the treatment of benzodiazepine or cocaine addiction, a patient’s continued use
of these substances does not indicate a methadone treatment failure. Urine toxicology
screening was used to determine whether opioids (natural and synthetic) were present in

the participants’ urine.

Participants provided weekly urine samples at supervised facilities; there were no
missing urine samples from study participants. COA was determined by calculating the
percentage of positive opioid urine screens provided by participants (number of positive
opioid urines screens / total number of opioid urine screens). High COA percentage is
indicative of a high number of positive opioid urine screens, or alternatively a higher rate
of illicit opioid consumption. We chose to include a measure of continued opioid abuse
that adjusts for the entire duration of methadone treatment. Opioid dependence is a
remitting, relapsing disorder and as such, restricting the measurement of response to such

a short time frame of the patient’s overall treatment course is limited.
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3.3.2.2 Serum Inflammatory Markers Methods: Bioplex assay

Serum samples were collected from participants using BD Vacutainer tubes and allowed
to clot for 30 minutes. Samples were centrifuged at 1,500g for 15 minutes at room

temperature and serum frozen in liquid nitrogen until further analysis.

Samples were thawed only once and 50 microliter removed to a 96 well plates. Serum
cytokine levels were determined using the Bioplex assay (Bio-Rad Laboratories, Hercules,
CA) measuring IL-6, IL-8, IL-1ra, TNF-a, IFN-y, IL-10, IL-1B, and CCL2, and standard
curves generated as per manufacturer’s instructions. The Bioplex Manager 6.0 software

was used for data analysis. Cytokine measurements were expressed as pg/ml.

While IL-1B was originally tested for in all participants, more than 50% of the samples
were inconclusive. With such a high proportion of data missing we chose not to include

IL-1B in any analyses.

3.3.3 Statistical Analysis

STATA Version 12 was used to complete all analyses. All study data have been quality
checked and entered into Research Electronic Data Capture (RedCap) database at the

Population Genomics Program, McMaster University.

Multiple imputation using chained equations was employed to adjust for missing data.
Age, sex, COA, chronic pain and methadone dose (mg/day) were the variables selected to
aid in the MI prediction of missing values. When running analyses of inflammatory

biomarkers, if the value was below detectable range, the lowest value before detection
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cut-off was imputed. All data were tested for normal distribution, where log
transformations were made when necessary. All outlier data were removed before
performing the primary analyses. To adjust for outlier variables, box plots were
constructed for all predictors included in each model using STATA version 12, these
being methadone dose, duration on MMT, age, BMI, and all inflammatory biomarkers.
The box plots resulted in the identification of ten outlier observations across predictors
(Dparticipants = 10). The inflammatory biomarkers proved to have an overwhelming number
of outlier observations due to their wide distribution, limiting our ability to adequately
remove them from the sample (Figure 13.3). However, we acknowledge how sensitive
inflammatory profiles are and that currently no normal range has been established in the

MMT patient population.

We determined the appropriateness of our sample size (n=235) to address our primary
analysis, the multivariable logistic regression of chronic pain. With response to treatment
(COA) as our primary independent variable, in addition to eleven other a priori defined
covariates, we determined our model could withstand the addition of 20 covariates under
the assumption that model stability is maintained with 10 — 12 observations per covariate.
Within this model we have added twelve covariates, allowing for 20 observations per
covariate in our sample of 235.%* Reporting of this study follows the Strengthening of

Reporting of Observational Studies in Epidemiology (STROBE) guidelines.*

Primary Analysis:
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All demographic characteristics are summarized using descriptive statistics, reporting
means and SD for continuous values and percentages for dichotomous values. All
demographic characteristic data are presented by pain status. A multi-variable logistic
regression model (RM) was constructed to address our primary objective, determining the
clinical and inflammatory profile of patients reporting comorbid pain, where self-reported
pain was the binary dependent variable. This model included multiple covariates
identified as or trending towards significance during the univariate analysis (age, IFN-
Gamma, response to treatment [COA]). The model also adjusted for important
confounding variables such as age, presence of inflammatory medications, sex, presence

of infectious disease, as well as methadone dose (mg/day).
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3.4 RESULTS

3.4.1 Demographic Characteristics of GENOA Participants

The recruitment process led to a completed sample of 249 participants eligible for this
study. Any participants reporting prescribed opioids in their current medication list were
removed from any analyses, leaving us with a sample of 235 MMT patients. A flow

diagram of participant screening and selection is presented in Figure 3.3.1.

Among participants eligible for inclusion into the analyses (n=235), 40.42% were female
with the mean age of 36.82 (Standard deviation [SD] 10.36) years and mean body mass
index [BMI] of 26.59 (SD 5.46). Participants self-reported the following comorbidities;
0.43% HIV, 22.98% hepatitis, 5.11% liver disease, 24.68% chronic pain, 2.13% epilepsy,
23.40 % other, with a total of 58.40% of participants reporting at least one of the
aforementioned comorbidities. When asked to indicate any “other” physical comorbidities,
participants responses included: diabetes (n=8), cardiac functioning abnormalities and
stroke history (n=7), hypertension (n=3), high cholesterol (n=1), neurological deficit
(n=2), Crohn’s disease (n=4), asthma (n==8), renal functioning problems (n=2), gall stones
(n=3), fibromyalgia (n=1), thyroid abnormalities (n=3), arthritis (n=5), respiratory
problems (n=2), allergies (n=3), hernia (n=1), gout (n=1), spondylitis (n=1), and
endometriosis (n=1). Reporting of these “other” comorbidities did not vary between
patients with and without pain. All participants’ demographic information presented by

pain status is summarized in Table 3.4.1.

54



Ph.D. Thesis — BB. Dennis; McMaster University — Health Research Methodology

3.4.2 The Clinical and Inflammatory Profile of Methadone Maintenance Patients

With Comorbid Pain

The demographic characteristics summarized in Table 3.4.1 suggest that participants
reporting pain are similar in demographic and clinical profile to participants without pain.
We find age, methadone dose (mg/day), sex, treatment duration (months), and onset age
of opioid abuse to be relatively the same across patient groups (Table 3.4.1). A distinct
aspect of clinical profile for patients with pain is noted in the significantly different
treatment response rates across groups. Another distinction between patients with and
without pain is their inflammatory profile, where we found participants with pain to have

elevated IFN-y, trending toward significance.

We chose to construct a multi-variable logistic regression model to further assess these
associations using patient reported pain as our outcome of interest. Regression models
allow the assessment of association between factors while also adjusting for other
important confounders. Using results from the univariate analysis to guide or selection of
covariates, we included COA (treatment response) and IFN-y as our primary independent
variables. We adjusted this model for presence of inflammatory medications, sex,
presence of infectious disease, as well as methadone dose (mg/day). The results from the
multi-variable regression model are summarized in Table 3.4.2. Results suggested I[FN-y
to be significantly elevated among patients reporting chronic pain, while adjusting for
important covariates (Odds Ratio: 2.02 95% CI: 1.17, 3.50; p=0.01). The results also
suggest patients reporting comorbid pain have an increase in positive opioid urine screens

(OR: 1.02 95% CI 1.00, 1.03; p=0.01), indicating an increase in illicit opioid consumption.
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3.5 DISCUSSION

3.5.1 Summary of Findings

Considerations of pain in the clinical setting for patients on MMT for opioid dependence
is complicated by the inconsistent findings reported across studies. While some studies
appear to be reporting a strong association between chronic pain and substance abuse

1920 There is also limited

among MMT patients,” other studies report no association.
research on the inflammatory characteristics of pain patients within MMT. Results from
this investigation provide a thorough evaluation of the clinical and inflammatory
characteristics of opioid dependent patients with pain, where we show 1) response to

MMT is significantly influenced by the presence of pain, and 2) MMT patients reporting

chronic pain show elevated levels of IFN-y.
3.5.2 The Context of Comorbid Pain and Opioid Abuse in the Current Literature

MMT patients with severe pain are known to have increased methadone dose," and an
increased rate of illicit substance use.” Findings from this study are consistent with some
of the literature,”” where response to treatment was highly associated with chronic pain
status. When determining the source of contention across studies examining pain and
opioid abuse we took a closer look at the differences in measurement and definition of
response to MMT. While in this study we chose to use the percentage of opioid positive
urine screens as an objective proxy outcome measure for response to methadone

treatment, other studies report response to treatment as the number of days of illicit heroin
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or opioid abuse in the last month,”*° or the percentage of patients that report using illicit

3,6,19
h.>o

opioids in the mont In addition, a number of studies rely on different measurement

3,6,19
d,”

for response such as self- reporte and some studies go so far as using validated tools

: . 5,20
to asses the severity of substance abuse behavior.™

In comparison to our investigation, the majority of clinical studies assess response to
treatment over a very short time frame (seven days to three months).****° It is known that
opioid dependence is a chronic remitting, relapsing disorder, with the average methadone
treatment duration being two years. As such, capturing “response,” over a short time
frame of a patient’s overall treatment course appears limited. Determining response to
MMT by reviewing the patient’s entire duration on MMT appeals as a more adequate
approach to characterizing the course and patient response to methadone. In this study,
we looked at the number of positive opioid urine screens as a percentage of the total
number of screens in an effort to adjust for these duration effects, which may explain
why our results may differ from studies basing treatment response on a shorter time

. . 20
frame (i.e seven to nine days).

Similar to the measurement of response, the measurement chronic pain also varies across
studies. This variation may also be a source of discrepancy in the reported findings of the
current literature. The measurement of pain varies from validated pain measures in some

3,20

studies™*’ to the use of self-reported pain in others.”'” Even studies selecting “validated”

pain measures such as the Brief Pain Inventory (BPI),’ should be interpreted with caution,
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for no pain measurement tool has undergone specific psychometric testing or

predictive/criterion validation within the MMT patient population.
3.5.3 Inflammatory Profile and Comorbid Pain

Our results have shown IFN-y to be elevated among MMT patients reporting comorbid
pain. The role of IFN-y in pain can be inferred from animal studies where IFN-y is noted
to induce pain.’' Tsuda et al (2009) found that the IFN-y receptor (IFN-y) mediates spinal
microgilia activation, ultimately leading to neuropathic pain.’’ When the spinal microglia
is activated they increase pain processing inside the dorsal horn to an important level that

32-35

triggers neuropathic pain. This is one of the mechanisms by which inflammation

causes and propagates pain.

Our findings are consistent with other studies, where IFN-y is elevated during periods of

. 1836
pain.

In one investigation, 21 patients with lumbar degenerative disc disease were
compared against 3 controls, for inflammatory profile differences, where they identified
immunoreactivity of IFN- vy in patients with axial back pain.*® Another study, examining
94 chronic pain patients and six healthy volunteers found pro-inflammatory cytokines
such as IL-1p, IL-2, IL-6, IFN-y, TNF-o correlated with increasing pain intensity.'® In
addition, proinflammatory cytokines have been demonstrated to directly oppose opioid
actions, where one study demonstrated that an increase in morphine and methadone

administration is directly linked to an increase in spinal glial activation as well as elevated

cytokine level.”’
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To date no study has explored the association between comorbid pain and inflammatory
profile within the MMT patient population. This investigation showed the significant
association between elevated IFN-y and the presence of chronic pain. The importance of
these results rests on our understanding of treatment strategies for patients with
concurrent opioid dependence and chronic pain. The ability to objectively distinguish
between patients with comorbid pain through the identification of IFN-y may be able to
help distinguish treatment approaches such as anti-inflammatory medications as a safe

alternative to opioid analgesics in this patient population.
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3.5.4 Strengths and Limitations

A major limitation of this study is the use of self-reported chronic pain. The true
prevalence of pain could have been under or overestimated. Without the use of a validated
pain assessment for opioid dependent patients receiving MMT, the reported results should
be subject to cautious interpretation. However, in a recent study we have validated the use
of patient reported pain in comparison the BPI assessment, where results suggest simply
asking patients whether they have pain shows an 88.8% specificity, 84.4% PPV and C-
statistic of 0.69.** Such results indicate that the use of patient reported pain very closely
identifies the same population as the BPI assessment. In addition, we should not discount
the use of more objective markers for reported pain. This study found elevated
inflammatory markers, supporting the case for both the use of objective pain indicators

and consideration of anti-inflammatory agents as adjunct therapy for MMT patients.

The use of a cross-sectional design is an additional limitation of this study, which
precludes us from making any assumptions as to the causal pathway of inflammation.
Elevated inflammatory markers within the pain subset may be a result of injecting drug
use behavior—known to cause cellulitis®® and endocarditis’®—and could lead to patients
to resume injecting opioids for the purpose of reducing pain. Consequently, the pain itself
may also cause the inflammation. While we can be confident our analyses have been
properly designed to adjust for high-risk behavior and infectious disorders, due to the
cross-sectional nature of the data we are unable to adequately flush out the mechanism of

inflammation.
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3.6 CONCLUSION

While our study shows a significant association between pain and poor response to MMT,
it also proves important in determining an objective measure of inflammation for MMT
patients with comorbid pain. We determined that pain is significantly associated with an
increase in positive opioid urines screens, as well as a substantial elevation of [FN-y. In
an effort to adequately manage patients at an increased risk for methadone overdose and
poor response, future research should determine the therapeutic impact of using anti-
inflammatory analgesics to prevent the use of illicit opioids and reduce pain in opioid

dependent patients on MMT.
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3.8 FIGURES AND TABLES

Figure 3.3.1 Patient Flow Diagram

Figure 1 - Eligibility Screening and Inclusion Flow Diagram for Participant
Selection

Preliminary Screening for GENOA

Men and women, age =18 years who are able to provide
written informed consent, on substitutc opioid therapy for
the treatment of opioid addiction

260 Participants Screened

5 Participants Excluded for Enrolling Twice

Y

Resulted in 255 Participants

7 Participants Fxcluded for buprenorphine prescription (non-
P! methadone patients) or other opioid prescriptions

Resulted in 248 Participants

3 Participants Excluded for not providing blood samples

Resulted in 245 Participants

10 Participants with outlier observations for Dose (mg/day) or
———>| BMI were excluded

Y

Total number of participants eligible for
inclusion into the analysis n— 235
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Figure 3.3.3Distribution of Inflammatory Biomarkers

Distribution of Inflammatory Markers
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Cytokine data provided in this figure was originally measured in pg/mL using participant serum, the distribution here is provided
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Table 3.4.1 Participant Demographic Characteristics (n=235)

Comorbid Pain, n=58 No Comorbid Pain, Uil;lj::;‘ie
(SD) n=177(SD Analysis
Demographic Characteristics
Female (%) 41.38 40.11 0.90
. 39.45 35.95
Mean Age in Years (10.29) (10.26) 0.02
27.46 26.31
Mean BMI (5.08) (5.56) 0.15
Mean Methadone Dose in 84.64 85.74 0.76
mg/day (51.51) (50.14) )
Mean Respon-sc? to MMT . 23.99 15.82
(Mean % Opioid Positive Urine 0.02
(27.14) (20.11)
Screens)
. . 41.31 38.25
Duration on MMT in Months (38.99) (42.79) 0.61
Mean Onset Age of Opioid 23.21 23.16 0.98
Abuse (11.28) (8.61) ’
Patients with HIV (%) 0.00 0.56 Unable to
Determine
Patients with Hepatitis (%) 29.31 20.90 0.22
Inflammatory Profile
1.15 1.16
IL-10 (1.14) (1.28) 0.86
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1.55 1.56

IL-8 (0.67) (0.76) 0.97
3.25 3.14

CCL2 (0.60) (0.57) 0.26
e 2.96 2.96

(1.30) (133) 0.92
135 1.30

1L-6 0.72) (0.85) 0.62
2.78 2.55

TFN-y (0.89) (0.89) 0.08
— 2.25 2.20

(0.77) (0.80) 0.69

a) All inflammatory biomarker concentrations have been log transformed for this table (originally measured as pg/mL)
b) MMT = Methadone Maintenance Treatment, IL- Interleukin, BMI: Body Mass Index = kg/m2

c¢) These are the results for the 235 participants eligible for study inclusion, outliers identified for BMI and methadone dose were removed for regression models (n=10)



Ph.D. Thesis — BB. Dennis; McMaster University — Health Research Methodology

Table 3.4.2 Clinical and Inflammatory Characteristics of Comorbid Pain: A Multi-variable Logistic Regression Model
(N=235)

95% Confidence

Covariates Odds Ratio Interval P-Value
Age (years) 1.03 0.99, 1.06 0.08
Sex 1.08 0.56, 2.07 0.82
Response to MMT (% positive opioid urine tests) 1.02 1.00, 1.03 0.01
Infectious Disease Status 1.40 0.65, 3.00 0.38
Methadone Dose (mg/day) 1.00 0.99, 1.01 0.94
Presence of Inflammatory Medications 1.26 0.41,3.92 0.69
TNF-Alpha 0.69 0.37, 1.30 0.25
IFN-Gamma 2.02 1.17,3.50 0.01
IL-6 1.18 0.60, 2.32 0.63
IL-ra 0.84 0.51, 1.37 0.49
CCL2 1.60 0.88, 2.88 0.12
IL-8 0.73 0.43,1.21 0.22
IL-10 1.01 0.69, 1.48 0.97

a) Sex is interpreted as female, in reference to males
b) Infectious Disease Status was a binary measure of the presence of HIV and/or Hepatitis
¢) MMT: methadone maintenance treatment

d) All cytokine measurements have been log transformed and the original measurements were in pg/mL
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4.1 ABSTRACT

Background: Chronic pain is implicated as a risk factor for illicit opioid use among
patients with opioid addiction treated with methadone. However, there exists conflicting
evidence that supports and refutes this claim. These discrepancies may stem from the
large variability in pain measurement reported across studies. We aim to determine the
clinical and demographic characteristics of patients reporting pain and evaluate the
prognostic value of different pain classification measures in a sample of opioid addiction

patients.

Methods: This study includes participants from the Genetics of Opioid Addiction
(GENOA) prospective cohort study. We assessed the prognostic value of different pain
measures for predicting opioid relapse. Pain measures include the Brief Pain Inventory
(BPI) and patients’ response to a direct pain question all study participants were asked
from the GENOA case report form (CRF) “are you currently experiencing or have been
diagnosed with chronic pain?” Performance characteristics of the GENOA CRF pain
measure was estimated with sensitivity and specificity using the BPI as the gold standard
reference. Prognostic value was assessed using pain classification as the primary
independent variable in an adjusted analysis using 1) the percentage of positive opioid
urine screens and 2) high-risk opioid use (> 50% positive opioid urine screens) as the

dependent variables in a linear and logistic regression analyses respectively.
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Results: Among participants eligible for inclusion (n=444) the BPI was found to be
highly sensitive, classifying a large number of GENOA participants with pain (n=281 of
the 297 classified with pain, 94.6%) in comparison to the GENOA CRF (n=154 of 297
classified with pain, 51.8%). Participants concordantly classified as having pain

according to the GENOA CRF and BPI were found to have an estimated 7.79% increase
in positive opioid urine screens (Estimated coefficient: 7.79; 95%CI 0.74, 14.85:

p=0.031) and a four times greater odds (Odds Ratio [OR]: 4.10 p=0.008; 95%CI: 1.44,
11.63) of engaging in a “high risk” level of illicit opioids use. The prognostic relevance of
pain classification was not maintained for the additional participants classified by the BPI

(n=143 discordant).

Conclusion: These results suggest that while the BPI may be more sensitive in capturing
pain among patients with opioid addiction, this tool is of less value for predicting the
impact of pain on illicit opioid use for opioid addiction patients on methadone
maintenance treatment. The GENOA CRF showed high predictive ability, whereby
patients classified according to the GENOA CRF are at serious risk for opioid relapse.
Using the appropriate tool to assess pain in opioid addiction may serve to improve the

current detection and management of comorbid pain.
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4.2 INTRODUCTION

Morbidity and mortality incurred from opioid use outweighs the burden resulting from
any other illicit substance and accounts for 9.2 million disability adjusted life-years
(DALYs)—a 73% increase since 1990." The global prevalence is rising and recent
estimates propose 26 to 36 million people abuse opioids.”> Without treatment patients with
opioid addiction incur a substantial risk for serious comorbidities such as HIV,3 hepatitis,3

infective endocarditis, and mortality.*”

Front-line treatments for opioid addiction include opioid substitution therapy (OST),
whereby patients are prescribed long-acting synthetic opioids to reduce symptoms of
craving and withdrawal under clinical supervision.® Methadone and buprenorphine are
among the cadre of OSTs used globally, of which methadone is the oldest and most

commonly prescribed treatment.”* Methadone has been shown to reduce illicit opioid use

! and criminal behaviour,' as well as improve adjunct therapy (e.g. counselling)

12-15

compliance,'® with higher doses providing the greatest benefit. Even when compared

against other OSTs, methadone proved more effective at reducing illicit opioid use.'>'*"”

Despite the demonstrated benefit of methadone maintenance treatment (MMT), some
patients continue to abuse opioids or drop out of methadone treatment altogether.'®"”

Lower methadone dose,”’ unemployment,*® poly-substance use,”' as well as the presence
of physical or psychiatric comorbidity are among a number of risk factors that adversely

affect OST compliance and outcomes.”*** Given the sharp rise in global opioid
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prescriptions> more attention is being directed to chronic pain as an important and
prevalent comorbidity. Chronic pain is commonly reported among patients receiving
methadone for opioid addiction with estimates ranging from 24-55%.%*** Chronic pain is
suggested to impact psychiatric symptoms, social functioning, as well as methadone
pharmacokinetics.*>° Due to the long-term exposure to opioids some studies argue
chronic pain mediates the effect of methadone, whereby higher doses of opioids induce a

hyperalgesic state among patients with pain,*'**

which may in part explain the higher
rates of opioid abuse reported among patients with comorbid pain.*® However, there
remains an uncertainty when assessing the impact of pain on opioid use behaviour within
the addiction setting. While some studies report chronic pain to be a significant risk

262833 other studies report no association.** These

factor for substance abuse,
discrepancies might stem from the large variability in pain measurement reported across
studies.’®***3° The majority of studies both supporting and refuting chronic pain as a
significant risk factor for substance abuse rely on the Brief Pain Inventory (BPI) to assess
pain in opioid addiction patients, though the definitions and cut-offs used to classify pain

26,27,36-40

with the BPI vary greatly. The validity of a measurement tool applies exclusively

to the population the tool is created for and tested within.*' While the BPI is commonly

26,27,36-40

cited as a validated tool to assess the presence of pain, it has yet to undergo a

reliability assessment within opioid addiction patients.

Whether it be uncertainty concerning the prognostic value of the BPI for assessing pain in
opioid addiction patients, the stigma of drug-seeking behaviour, or the under treatment of
pain in the addiction setting, there is a lack of consensus as to the real impact of pain on
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illicit substance use behaviour in MMT patients. Addressing the discrepancies reported
across the literature may improve the current management of comorbid pain. How well
does the BPI work to classify pain among opioid addiction patients? Is there a pain
measure that better predicts opioid relapse in this population? Are there specific
characteristics associated with comorbid pain in opioid addiction patients, or that explain
the differences in pain classification? Answering these questions will; 1) clarify the
prognostic values of the BPI in opioid addiction patients, 2) resolve whether pain is a risk
factor for important treatment response outcomes, and 3) provide a profile of the clinical,
demographic, and social characteristics of patients with comorbid pain. We aim to
evaluate these questions using evidence gathered from a prospective cohort study of 444

MMT patients.
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4.3 OBJECTIVES

1. Evaluate the prognostic value of different pain classification measures in a sample

of opioid addiction patients

a. Provide performance characteristics of the simple self-reported pain
measure (sensitivity, specificity, positive predicted value [PPV] and
negative predicted value [NPV]) using the BPI as the gold-standard

reference measure

b. Estimate the prognostic significance of each pain classification measure
using opioid relapse confirmed by urine toxicology screening as an

indicator of response to MMT

c. Confirm the association between continued opioid abuse and the presence

of chronic pain using different measures of pain

2. Determine the clinical and demographic characteristics of patients reporting pain

reported by different pain classification measures

a. Exploring employment history, medical comorbidities, psychiatric
comorbidity, pain severity and interference, sexual functioning, criminal

activity, HIV risk behaviour, and domestic conflict
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4.4.0 METHODS

4.4.1 GENetics of Opioid Addiction (GENOA) Prospective Cohort Study

This study included participants from an investigation known formally as Genetics of
Opioid Addiction (GENOA). GENOA is a research collaborative between the Population
Genomics Program at McMaster University and the Canadian Addiction Treatment
Centres (CATC). Methods of the GENOA pilot study are published elsewhere.*” GENOA
expanded out of the cross-sectional pilot design and is now conducting an ongoing 12-
month prospective cohort study. Modifications were made to the address the challenges
noted during the cross-sectional stage.*” These modifications include the addition of 13
new recruitment sites across southern Ontario as well a validated addiction severity,
psychiatric comorbidity, and pain assessment. Baseline measures include the collection of
demographic characteristics such as educational background, employment, marital status,
addiction treatment history (e.g. number of previous treatments), source of opioid use,
methadone dose (mg/day), as well as a full medical history. Information has been
collected on physical comorbidities include HIV, hepatitis C, diabetes, liver disease,
epilepsy, chronic pain, as well as any other chronic disorders. Participants are followed up
by onsite nursing staff every 3-months. Follow-up assessments include urinalysis and

demographic questionnaires.

Eligibility criteria include: patients =18 years on methadone for opioid addiction
treatment meeting DSM-1V criteria for opioid dependence (assessed by clinical

interviews during admission to MMT), and able to provide informed consent. The
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Hamilton Integrated Research Ethics Board (HIREB) approved this study (HiREB Study

ID 11-056). This study adheres to the STROBE guidelines.*

4.4.2 Measures

We employed the M.IN.I. International Neuropsychiatric Interview version 6.0 to
assess for psychiatric comorbidities and the Maudsley Addiction Profile (MAP)
instrument to assess addiction severity across personal, physical, and social functioning
domains.*® We used the Brief Pain Inventory (BPI) to capture pain severity and
interference. This tool has been validated in the assessment of pain in patients with and
without neuropathic etiology.***” The BPI uses the primary question, “throughout our
lives, most of us have had pain from time to time (such as minor headaches, sprains, and
toothaches), have you had pain beyond these everyday kinds of pain?” to determine
whether patients are currently experiencing any pain. Participants answering yes to this
question are prompted to completed follow-up questions to assess pain severity and
interference. Participants completing the full BPI assessment were defined as a positive
pain case. Participants were also asked directly whether they have a history of pain,
whereby those responding yes to the question, “are you currently experiencing or have
been diagnosed with chronic pain?”” were classified as positive pain case according to the
GENOA case report form (CRF). Participant substance use behaviour was assessed using
weekly urine specimens, which are collected as part of CATC routine clinical care.
Qualitative and semiquantitative urine analysis using iMDx Prep Assay [NOVX

Systems novxsystems.com] were performed on all samples to assess for illicit opioid,

. . . .. . ™ .
cocaine, benzodiazepine, and marijuana use. The iMDx Prep Assays assess urine pH and
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creatinine levels to identify when urine samples have been tampered with. Trained CATC
clinical staff performs all adjudication of urinalysis results. The prep assays used in
CATC clinics can discern specific types of opioids such prescribed synthetic medications

(e.g. oxycontin), naturally occurring opioids (morphine), and methadone.*

4.4.3.0 Statistical Analysis

Baseline demographic characteristics including employment history, physical
comorbidity, sexual activity, criminal activity, psychiatric comorbidity, injecting
behaviour, domestic conflict, and MAP domain scores are reported by pain classification.
Pain classification categories include participants concordantly classified as having pain
by GENOA CRF and BPI, participants concordantly classified as not having pain by
GENOA CREF and BPI, as well as those discordantly classified as having pain by the BPI
but not GENOA CRF. The participants classified as having pain according to the
GENOA CREF but not the BPI are considered false positive classifications. These
additional participants captured by the GENOA pain measure are likely a product of
measurement error (random error) or differential misclassification. While this subgroup
of participants is small (n=16), we chose to exclude them from later analyses examining

the predictive validity of pain classification for illicit opioid consumption.

Continuous measures are summarized using means and standard deviations (SD), while
dichotomous measures are reported by percentage. To evaluate the differences in the
clinical and demographic characteristics between groups based on pain classification we
performed a univariate logistic regression with pain classification as the dependent

variable. Baseline demographic characteristics were then evaluated independently as
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covariates in the logistic regression models. For example, characteristics such as age, sex,
and employment status would be individually evaluated in a cross-sectional association
with pain classification. We did not use this as a univariate analysis to inform the
selection of covariates for the construction of a multi-variable regression model to
evaluate prognostic significance. We performed these cross-sectional analyses to
determine the clinical and demographic profile of patients classified by different pain
measures. The odds ratio and corresponding p-values are reported in the baseline

demographic characteristics table.

Performance characteristics of the GENOA CRF pain measures were estimated using
sensitivity, specificity, PPV, and NPV. The performance characteristics were calculated
using the BPI as the “gold standard” measure. We recognize pain is a subjective
experience and while there is no standard “gold standard” measure of identifying this
phenomenon we aimed to demonstrate the performance characteristics of a new pain
classification measure in relation to the BPI since it is the most commonly used tool
among studies determining the impact of pain in patients receiving OST.***"24" We
determined the prognostic significance of pain classification using multi-variable
regression analysis to estimate an association between pain measure and illicit opioid
consumption. We quantified the effect of pain on illicit opioid consumption with a
multivariable linear regression using the percentage of positive opioid urine tests at three-
month follow-up as the dependent variable. All analyses adjusted for age (in years), sex,

duration on MMT (in months), number of opioid urine screens, and infectious disease
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status (presence of HIV or hepatitis C), and methadone dose (mg/day). All participants
on prescribed opioid medications for pain were removed from any analysis evaluation
illicit opioid use behaviour (n=18).

The association between pain and different risk categorizations of opioid use behaviour
were assessed using multivariable logistic regression. Independent models were
constructed using high and moderate risk categorizations of the percentage of positive
opioid urine tests provided over the three-month period following the pain assessment as
the dependent variable. Participants with > 50% positive opioid urine screens were
categorized as high-risk and deemed non-responsive to MMT. This cut off was selected in
accordance with previous research suggesting regular use of heroin and other opioids is
significantly predictive of mortality among methadone maintenance patients thus
indicating a treatment failure.* To demonstrate “high risk” opioid use behaviour
participants would need to exhibit minimum of six weeks of continued opioid abuse to
have obtained >50% positive opioid urine tests and considered regular users of illicit
opioids, indicating a clinically significant risk for treatment failure. Participants with 30%
positive opioid urine screens will be considered at moderate risk. This categorization of
high and moderate risk participants was used as the binary dependent variable in three
logistic regression models. These models adjusted for age (years), sex, duration on MMT
(months), number of opioid urine screens, and infectious disease status (presence of HIV
or hepatitis C). The adjusted and unadjusted predicted probability for high-risk opioid use
was evaluated for each pain classification. Adjusted predicted probability was estimated

using the results from the multi-variable logistic regression models.
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All covariates included in the regression models were assessed for multi-colinearity. Box-
plots were constructed to identify outlier observations. Sensitivity analyses were
performed for both regression analyses, removing outlier observations. All continuous
variables were assessed for normal distribution, whereby proper transformations were

applied when necessary.

4.4.3.1 Determining the Percentage of Positive Opioid Urine Screens at Three-month

Follow-up Assessment

Due to the unequal number of urine tests administered among participants we evaluated
the relationship between number of urine test administrations and the percentage of
positive opioid urine tests at 3-months. Visual plots of the data (Figure 4.4.3.1) suggest no
relationship between number of opioid screens and the percentage of positive tests. Thus,

we chose against adjusting for the number of opioid urine tests administered.

An imputation of zero percent positive opioid urine screens was used for participants
successfully completing the methadone program before the 3-month urine assessment
period (n=2). For participants discharged from the MMT due to non-compliance with the
treatment regime (e.g. providing urine samples, receiving daily methadone doses) an
imputation of 100% positive opioid urine screens was used for the 3-month opioid urine
assessment (n=1). We carried the baseline urine assessment forward (% of positive opioid
urine screens at baseline) for participants lost to follow-up at three months due to moving

to a non-CATC treatment program (n=10).
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4.5 RESULTS

Among the 460 MMT patients recruited in the GENOA investigation, 444 patients
completed both the GENOA CRF and BPI. Figure 4.5 summarizes the participant
inclusion process. Demographic and diagnostic performance characteristics are presented
using data from participants completing both pain measures during the baseline
assessments (n=444). Demographic and clinical characteristics are presented by pain
classification and summarized in Table 4.5a. The mean age of all participants included in

this study was 38.4 years (SD 11.0).

Findings from the classification of pain using the BPI and GENOA CRF suggest the BPI
captures pain in a larger number of participants. Those classified as having pain according
to the GENOA CRF are almost completely captured within the larger sample of patients
classified according to the BPI (Figure 4.5b). Among all participants classified as having
pain according to one or both of these measures (n=297), there is 46.4% concordance
between measures (n=138). There is 53.6% discordance between the BPI and GENOA
CRF, whereby 5.5% (n=16) patients are classified as having pain according to the
GENOA CREF but not the BPI and 48.1% (n=143) of patients are classified as having pain
according to the BPI but not the GENOA CRF. Figure 4.5b displays the concordance and

discordance of pain classification using these two measures.

Assessment of the clinical and demographic characteristics of participants based on pain
classification revealed differences between the concordant and discordant groups (Table

4.5a). Participants classified as having pain according to the GENOA CRF and the BPI
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were found on average to be older (Odds Ratio [OR]: 1.05, 95%CI 1.02, 1.07; p<0.0001),
with higher severity of physical symptoms based on MAP scoring (OR: 1.07, 95%CI 1.03,
1.11; p<0.0001), lower involvement in criminal activity (OR: 0.28, 95%CI 0.10, 0.78;
p=0.015), and with a lower rate of post traumatic stress disorder (OR: 0.40, 95%CI 0.15,

1.06; p=0.065).

Evaluation of the diagnostic performance characteristics suggest the GENOA CRF pain
classification to be highly specific (90.2%, 95% Confidence Interval [CI]: 84.5, 94.4),
indicating patients classified as having no pain according to the GENOA pain
classification are unlikely to have pain. Accordingly, these results also suggest the BPI to
be highly sensitive, classifying a much larger number of GENOA participants with pain
(n=281, 63.3%; n=444 for participants with BPI measures) in comparison to the GENOA
CREF classification (n=150, 33.4%; n=460 for GENOA CRF measure). Results from the
diagnostic performance statistics also suggest the GENOA CREF classification to have
high positive predicted value (PPV=89.6, 95%CI: 83.7, 93.9), indicating the GENOA
CRF has a very low false positive rate. Diagnostic performance tests are summarized in

Table 4.5b.

To demonstrate the prognostic significance the GENOA pain measure we evaluated the
predictive performance of pain classification using concordant (classified as having pain
according to GENOA CRF & BPI) and discordant (classified as having pain according to
BPI but not GENOA CRF) categorizations. GENOA is an active study with ongoing
recruitment, rendering a portion of the recently recruited participants (n=143) ineligible

for follow-up at this time. Results from these analyses are performed in a reduced sample
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of 278 participants (Figure 4.5a). The models adjusted for age (years), sex, methadone
dose (mg/day) duration on MMT (months), and infectious disease status (presence of HIV
or hepatitis C). Evaluation of the percentage of positive opioid urine specimens collected
over the three month period following the pain assessments suggests participants
concordantly classified as having pain according to the GENOA CRF and BPI were
found to have an estimated 7.79% increase in positive opioid urine screens (Estimated
coefficient: 7.79; 95%CI 0.74, 14.85: p=0.031). Patients classified as having pain
according to both measures were also found to have a four times greater odds (Odds Ratio
[OR]: 4.10 p=0.008; 95%CI: 1.44, 11.63) of consuming a ‘“high risk” level of illicit
opioids (=50% positive opioid urine screens over 3-month period following pain

assessment).

The prognostic relevance of pain classification was not maintained for the additional
participants classified by the BPI (n=143 discordant), whereby pain classification is no
longer predictive of positive opioid urine screens (Estimated coefficient: 1.78; 95%CI -
4.66, 8.21: p=0.588) or a “high-risk” level of opioid consumption BPI (OR: 1.08, 95%CI:
0.35, 3.29; p=0.898). Results from these analyses are summarized in Tables 4.5¢ and
Table 4.5d. Similar findings were observed when evaluating the prognostic relevance of
the GENOA classification in comparison to the BPI across moderate risk opioid use
outcomes, however the observed predictive significance of the GENOA CRF

classification was slightly diminished (OR: 2.13; 95%CI: 0.93, 4.90 p=0.075).

The adjusted and unadjusted predicted probability for high-risk opioid use was evaluated

for each pain classification. Again, we find those participants classified by the GENOA
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CRF and BPI were found to have a high-predicted probability (17%) for high-risk opioid
consumption. There were no differences in the predicted probability for high-risk abuse
between the additional participants classified by the BPI and those without pain. These

results are summarized in Figure 4.5c¢.
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4.6 DISCUSSION

Findings from this study emphasize the prognostic impact of different pain classification
measures for patients with opioid addiction. While the BPI may be the most commonly

: . 26,27,36-40
used measure to assess pain among MMT patients,™ 7

results from this study suggest
the BPI holds poor prognostic value for distinguishing patients at high risk for opioid
abuse. The BPI classifies a large number of patients with comorbid pain, however simpler
evaluations such as the question “are you currently experiencing or have been diagnosed
with chronic pain?” demonstrate stronger prognostic significance for distinguishing
patients at high risk for continued opioid abuse. The BPI showed high sensitivity when
compared against the simpler pain classification question used in the GENOA CRF,
however the additional participants identified by the BPI classification weakened the
predictive ability of the measure. Classification of pain based on the BPI alone biased the
results to suggest participants with pain are not at risk for engaging in problematic opioid
consumption behaviour. However, the subgroup of patients within the BPI classified
concordantly by both measures were shown to be a serious risk for engaging in
concerning levels of illicit opioid consumption. In light of the findings we are likely to

question the validity of the results of previous studies using BPI to classify pain among

MMT patients.

Numerous studies evaluating the effect of pain on response to MMT use the BPI to

26,27,36,39,40

classify pain citing its previous validation as justification. However, this
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suggestion is problematic since the validity of a measurement scale apply exclusively to
the population the tool is developed for and tested within.*' To our knowledge no
previous reliability estimates are reported for the BPI within opioid addiction population.
For instance, neither the psychometric properties such as internal consistency nor the test-
retest reliability have been reported for a population of addiction patients. The BPI was
originally generated and validated within a population of cancer and rheumatoid arthritis
patients,’ resting our confidence in the BPI’s ability to distinguish pain on the
assumption that there are strong similarities between the addiction population and the

population the tool was created within, of which we have serious concerns.

Contention in the literature may stem directly from the use of pain classification measures
with limited prognostic value. Among studies evaluating the association between

26-28,33,36,39,40,51

comorbid pain and illicit opioid use, those measuring pain using the BPI

report no effect of pain on illicit opioid consumption,>*2¢%4°

To the contrary, studies
reporting a significant effect of pain on opioid abuse behaviour did not classify pain using
the BP1.*** The BPI may indeed appropriately identify participants with comorbid pain,
however its classification casts a net so wide it loses prognostic value. Findings from this
study demonstrate pain is related to how people progress through treatment at an etiologic
level. Thus, the BPI may be capturing domains that are not associated with prognostically
relevant pain. The alternative explanation may be that the simpler measure captures a
specific subgroup of patients who self-identify as having pain. These patients may

experience significant pain such that it has become a core part of their identify and

possibly a core part of the reason they abuse drugs.
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As the most common complaint among drug seeking patients with substance use disorder,
chronic pain can be a challenging symptom to ascertain and treat.”> High-intensity
comorbid pain among patients with a history of addiction is a significant risk factor for
opioid misuse.” Patients catastrophizing pain are also found to have higher rates of
opioid abuse.”* Distinguishing between drug seeking patients and those with real pain is
challenging. However emerging research suggests patients with comorbid pain are often
not seeking additional opioids when discussing pain with their physician but instead want
a diagnosis for their pain and their clinician to guide them through the fragmented

management of chronic pain.”

Pain is a subjective phenomena, as such the measurement and classification of pain is
sensitive to the population being assessed. Thus, it could be claimed the GENOA CRF
pain classification is capturing a specific group of “drug seeking” patients. However,
findings from a previous study of independent sample of 235 patients with opioid
addiction treated with MMT using the same pain measure as the GENOA CRF found
patients reporting pain to have significantly elevated Interferon-Gamma (IFN-a),
indicating a biological distinction between patients classified according to the GENOA

CRF 28

Major studies evaluating pain among addiction patients emphasize the need for future
research to replicate their findings as well as develop validated questions for assessing

26,36

treatment response. The current study provides evidence to suggest the selection of

pain measure may be driving previous findings. To our knowledge this is the first study to
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demonstrate the effect of pain on opioid consumption over a 3-month follow-up using a
prospective cohort design. Precautions were taken to ensure we employed objective
measurements, this includes electing to use urine toxicology screening over self-report to
assess opioid consumption. Using the CATC network of clinics guarantees all participants
receive care according to a standardized treatment protocol, which includes weekly
physician visits and urine samples, as well as dosing and tapering procedures. For
participants without 3-month data due to 1) switching clinics, 2) treatment failure, or 3)
successful treatment completion we imputed missing data based on the participant’s
treatment response history. For instance, participants terminated from the MMT program
due to non-compliance (e.g. not willing to provide urine, serious comorbid substance use),
we imputed 100% positive opioid urine to reflect a high-risk patient. Over the total
number of individuals with imputed data is small (n=13) and thus may have no effect on
the results. However, we caution the interpretation of these result since they are still
reflective of participants already maintained on an OST, which can largely differ from
patients who drop out of MMT or never seek treatment altogether. Employing an
observational study design in addition to using multiple centres to capture differing SES
population increases our confidence that these results reflect the treatment prognosis for
the larger population of opioid addiction patients receiving methadone treatment.
Additionally, demographic characteristics of GENOA participants are consistent with

those reported in previous population based studies.
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4.7 CONCLUSION

Acknowledging chronic pain is predictive of high-risk opioid use will improve relapse
prevention management, prevent opioid overdose, as well as encourage clinicians to
target appropriate adjunct therapies to patients with comorbid addiction and pain
conditions. Findings from this study suggest the most common pain measure —the BPI—
is not only time consuming to administer, it fails to classify distinguish prognostically
relevant. Directly inquiring into patients’ history of pain using question such as, “are you
currently experiencing or have been diagnosed with chronic pain?” will distinguish
patients at high-risk for dangerous opioid consumption behaviour. Healthcare providers
often report dissatisfaction with managing pain due to the lack of training in addiction
treatment. Providing clinicians with information on the distinguishing risk factors for
high-risk opioid consumption is imperative for enhancing the management of addictive
disorders. It is also important we identify measures that are no longer useful for

evaluation of pain impact on substance use behaviour.
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4.9 FIGURES AND TABLES

Figure 4.4.3.1 Association Between Number of Urine Tests and Number of Positive

Tests

Association Between Number of Opioid Urine Screens and the Percentage of Positive Tests
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Figure 4.5a Flow Diagram of the Participant Inclusion Process

/
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444 GENOA Participants Completed Both BPI and GENOA
Pain Assessment
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143 Participants Not Elgible for 3-Month Folowup
(Not Due for Follow-up Yet)

317 Participants Eligible For 3-Month Followup

39 Participants Excluded from Analysis
I8 Participants Prescribed Opioid Medication

2 Participants Died

3 Participanss Left Clinic Without Contact Information
16 Participants with Missing Data

278 Participants Eligible For Inclusion to Multi-vanable
Regression Model Evaluating Prognostic Value of
Pain Classification Using 3-Month Urine Follow-up
Data
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Figure 4.5b Classification of Pain in the GENOA Sample
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Figure 4.5¢ Impact of Classification on Predicted Probability of High-risk Opioid
Use

Impact of Pain Classification on Predicted Probability of High-risk Opioid Use

.15

.05
|

No Pain Discordant Classification of Pain by BPI Concordant Classification of Pain by Both Measures

I Acivsted Probability of High-risk Opioid Use Unadiusted Probability of High-risk Opioid Use




Ph.D. Thesis — BB. Dennis; McMaster University — Health Research Methodology

Table 4.5a Baseline Demographic Characteristics of Methadone Maintenance Patients (results reported for participants

completing both GENOA CRF and BPI pain classification n=428)

Participants Participants Participants Logistic Regression Model Using Pain

Classified as Classified as Classified as Classification as the Dependent Variable

Having Pain by Having Pain by Having No

BPI and GENOA BPI but Not Pain (n=147) | Unadjusted Odds Ratio, P-Value

CRF (n=138) GENOA CRF

(n=143) Concordant Discordant Comparison of
Classification | Classificati | Concordant and
(n=285)" on (n=290)b Discordant
(n=281)"

Mean Age (SD) 42.7 (10.6) 37.4(10.3) 34.8 (10.4) 1.1, p<0.0001 | 1.0,0.037 1.0, p<0.0001
Sex (% Female) 46.7 47.6 46.3 1.0, 0.939 1.1, 0.825 1.0, 0.888
Marital Status (% Participants 333 31.2 32 1.1, 0.807 1.0, 0.889 1.1,0.704
Married or Common Law)
Employed 28.3 373 42.9 0.5,0.011 0.8,0.338 0.6, 0.107
Smoking Status (% Participants | 97.1 93.6 92.5 2.7,0.095 1.2,0.726 2.3,0.174
Smoking)
Family History of Addiction
Father 37 44.1 40.1 0.9, 0.582 1.2,0.499 0.7, 0.226
Mother 32 31.5 32 0.9, 0.987 1.0, 0.927 1.0, 0.940
Brother 26.1 25.2 22.4 1.2,0.474 1.2, 0.586 1.0, 0.861
Sister 18.8 18.8 17.7 1.1, 0.801 1.1,0.793 1.0, 0.993
Comorbid Medical Disorders
HIV 0.7 0.6 0.7 1.1, 0.964 1.0, 0.984 1.0, 0.980
Epilepsy 3.6 2.1 2 1.8, 0.425 1.0, 0.973 1.8, 0.448
Hepatitis C 26.8 21 20.4 1.4,0.204 1.0, 0.905 1.4,0.252
Liver Disease 9.4 1.4 4.8 2.1,0.131 0.3,0.120 7.3,0.010
Diabetes 6.5 5.6 4.1 1.6,0.361 1.4, 0.550 1.2,0.745
Ilicit Drug Use (Mean
Percent of Positive Urine
Screens During Baseline
Assessment)
Opioids 18.5 (30.8) | 14.5(24.3) | 147267 ] 1.0,0.283 0.9, 0.939 1.0, 0.240
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Cannabis 28.6 (41.9) 35.7 (45.0) 30.6 (41.6) 1.0, 0.776 1.0, 0.489 1.0, 0.298
Cocaine 13.9 (27.8) 15.5 (28.6) 13.5 (25.6) 1.0, 0.972 1.0, 0.536 0.9, 0.641
Amphetamine 7.9 (24.3) 3.2(16.9) 2.0 (9.5) 1.0, 0.105 1.0, 0.622 1.0,0.174
Ecstasy 7.8 (24.5) 3.4(17.2) 1.7.(9.2) 1.0, 0.108 1.0, 0.516 1.0, 0.208
Mean Scoring for BPI

Intensity and Interference

Scales

Composite Pain Intensity 20.1 (7.6) 15.2 (8.0) / / /

Scoring (SD)

Composite Pain Interference 39.8 (17.9) 25.8 (18.5) / / /

Scoring (SD)

Maudsley Addiction Profile

Scoring

Mean Physical Symptoms 19.3 (7.1) 15.8 (7.5) 12.1 (6.5) 1.2, p<0.0001 | 1.1, 1.1, p<0.0001
Score (SD) p<0.0001

Mean Psychological Symptoms | 14.1 (8.4) 13.4 (8.9) 11.4 (8.4) 1.02, 0.008 1.02, 0.046 1.0,0.513
(SD)

MAP Health Risk Behavior

Number of Days of Injecting 2.8 (7.6) 1.9 (5.9) 2.8(7.4) 0.9, 0.926 1.0, 0.398 1.0, 0.448
Drug Use

Number of Time of Sharing 0 0.01 (0.1) 0.2(1.2) n/a 0.6, 0.527 /
Equipment for Injecting Drug

Use

Number of Sexual Partners 0.5 (0.6) 0.6 (0.5) 0.8 (0.7) 0.6, 0.056 0.6, 0.066 0.9, 0.768
Without a Condom

Personal and Social

Functioning

Conflict Scoring Partner 20.1 (33.1) 15.8 (28.9) 16.1 (25.1) 1.0, 0.358 1.0, 0.932 1.0, 0.356
Contlict Scoring Family 11.7 (25.6) 15.5 (30.0) 10.4 (21.9) 1.0, 0.666 1.0,0.126 1.0,0.312
Conflict Scoring Friends 6.7 (19.5) 4.6 (16.0) 2.7 (10.3) 1.0, 0.073 1.0, 0.294 1.0, 0.387
Criminal Activity

Percentage of Participants 3.6 11.9 12.2 0.3,0.012 0.9, 0.926 0.3,0.015
Reporting Any Criminal

Behavior

Mean Number of Days Selling 0.3 (2.6) 0.9 (4.9) 0.6 3.7) 0.9, 0.451 1.0, 0.490 1.0, 0.200
Drugs (SD)

Mean Number of Days 0 0 0 / / /
Committing Fraud (SD)

Mean Number of Days 0 0.2(1.9) 0.2(1.4) / 1.0, 0.981 /
Shoplifting (SD)
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Mean Number of Days of Theft | 0.1 (0.9) 0 0 / / /

of Property (SD)

Mean Number of Days of Theft | 0 0 0.03 (0.3) / / /

from Vehicle (SD)

Mean Number of Days of Theft | 0 0 0 / / /

of a Vehicle (SD)

Percentage of Participants

with Psychiatric Disorders

Diagnosed by MINI‘

Major Depressive Disorder 37.7 44.6 42 0.8,0.478 1.1, 0.669 0.8, 0.266
(including current, past, or

recurrent)

Current Bipolar Disorder 1.6 3.1 1.4 1.1,0.901 2.2,0.379 0.5,0.462
Generalized Anxiety Disorder 18.1 25.9 13 1.5, 0.303 2.3,0.013 0.6, 0.196
Anorexia 0 0 0 / / /

Bulimia 0.8 2.3 2.2 0.4,0.394 1.1, 0.941 0.3, 0.366
Alcohol Dependence 4.1 6.9 5.8 0.7,0.532 1.2,0.706 0.6, 0.333
Alcohol Abuse 6.6 11.5 8.7 0.7, 0.520 1.4,0.441 0.5,0.175
Post Traumatic Stress Disorder | 4.9 11.2 3.6 1.4, 0.606 3.5,0.019 0.4, 0.065
Suicidal Ideation 29.5 33.1 31.9 0.9, 0.679 1.1, 0.835 0.8, 0.542
Antisocial Personality Disorder | 14.8 23.8 18.1 0.8, 0.467 1.4,0.250 0.6, 0.071

Results not reported for 16 participants not captured by BPI (assuming measurement error)

a
results from the univariate logistic regression evaluating the differences between those classified as having pain according to both the BPI and GENOA CRF and those classified as having no pain, pain classification is the dependent variable

results from the univariate logistic regression evaluating the differences between those classified as having pain according the BPI but NOT the GENOA CRF and those classified as having no pain, pain classification is the dependent variable

c
results from the univariate logistic regression evaluating the differences between those classified as having pain according the BPI but NOT the GENOA CRF and those classified as having pain according to both the BPI and GENOA CRF, pain classification is the dependent variable
the number of participants from each group evaluated with the MINI are not reflective of the number of participants listed at the top of the table, for participants completing the MINI there were 121 concordantly classified as having pain according to both GENOA CRF and BPI, 130 discordant

participants (classified as having pain according to BPI but not GENOA CRF), and 138 witho
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Table 4.5b Summary of Performance Characteristics of Chronic Pain Classifications
(N=444)

Performance Tests (BPI as Gold Standard) 95% Confidence
Interval

Prevalence of Chronic Pain According to BPI 63.0% 59.0, 67.8

(Gold Standard Reference)

Sensitivity 49.1% 43.0, 55.0
Specificity 90.2% 84.5,94.3

ROC area (Sensitivity + Specificity)/2 0.70 0.66, 0.73
Positive predictive value 89.6% 83.7,93.9
Negative predictive value 50.7% 44.8, 56.6
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Table 4.5¢ The Prognostic Significance of Pain Classification for Predicting Percentage of Positive Opioid Urine Screens
- Results from Multi-variable Linear Regression (n=278)

Estimated P-Value 95% Confidence
Coefficient Interval
Pain Classification (Reference: Participants Concordantly Classified Without Pain)
Participants Concordantly Classified With Pain By Both Measures 7.79 0.031 0.72, 14.85
Discordantly Classified Participants (Classified as Having Pain 1.78 0.588 -4.66, 8.21
According to BPI not GENOA CRF)
Age -0.15 0.296 -0.44,0.13
Methadone Dose (mg/day) -0.11 0.002 -0.18, -0.04
Sex 0.95 0.73 -4.45, 6.35
Duration on MMT (months) 0.00 0.903 -0.06, .06
Infectious Disease Status (Positive for HIV or Hepatitis C) 2.29 0.49 -4.23, 8.82
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Table 4.5d Impact of Pain Classification on High-Risk Opioid Use Behaviour (n=278)

Odds 95% Confidence
Ratio P-Value | Interval
Pain Classification (Reference Participants Concordantly Classified Without Pain)
Participants Concordantly Classified With Pain By Both Measures 4.10 0.008 | 1.44,11.63
Discordantly Classified Participants (Classified as Having Pain According to BPI
not GENOA CRF) 1.08 0.898 | 0.35,3.29
Age 0.98 0.37 | 0.94, 1.02
Methadone Dose (mg/day) 0.99 0.026 | 0.98,0.99
Sex 1.01 0.983 | 0.44,2.30
Duration on MMT (months) 1.00 0.822 | 0.98, 1.01
Infectious Disease Status (Positive for HIV or Hepatitis C) 0.96 0.944 | 0.36, 2.62
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5.1 ABSTRACT

Background: The consequences of opioid relapse among patients being treated with
opioid substitution or antagonist treatment (OSAT) are serious and can result in abnormal
cardiovascular function, overdose, and mortality. Chronic pain is a major risk factor for
opioid relapse within the addiction treatment setting. There exist a number of opioid
maintenance and antagonist therapies including methadone, buprenorphine, and levo-a-
acetylmethadol (LAAM), of which the mediating effects of pain on treatment attrition,
substance use behaviour, and social functioning may differ across therapies. We aim to

1) evaluate the impact of pain on the treatment outcomes of addiction patients being
managed with OSAT and 2) identify the most recently published opioid maintenance
treatment guidelines from the United States, Canada, and the UK to determine how the

evidence is being translated into clinical practice.

Methods/Design: The authors will search Medline, EMBASE, PubMed, PsycINFO, Web
of Science, Cochrane Database of Systematic Reviews, ProQuest Dissertations and theses
Database, Cochrane Central Register of Controlled Trials (CENTRAL), World Health
Organization International Clinical Trials Registry Platform Search Portal, and the
National Institutes for Health Clinical Trials Registry. We will search

www.guidelines.gov and the National Institute for Care and Excellence (NICE) databases

to identify the most recently published OST guidelines. All screening and data extraction

will be completed in duplicate. Provided the data are suitable, we will perform a multiple
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treatment comparison using Bayesian meta-analytic methods to produce summary
statistics estimating the effect of chronic pain on all OSATs. Our primary outcome is
substance use behaviour, which includes opioid and non-opioid substance use. We will
also evaluate secondary endpoints such as treatment retention, general physical health,
intervention adherence, personal and social functioning, as well as psychiatric symptoms.
Discussion: This review will capture the experience of treatment outcomes for a sub-
population of opioid addiction patients and provide an opportunity to distinguish the best
quality guidelines for OSAT. If chronic pain truly does result in negative consequences
for opioid addiction patients it is important we identify which OSATs are most
appropriate for chronic pain patients as well as ensure the treatment guidelines

incorporate this information.

Systematic review registration:

PROSPERO CRD42014014015
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5.2 INTRODUCTION

Chronic non-cancer pain is a serious comorbidity impacting the lives of over 95 million
people, an estimated 30.7% of the US population." Chronic pain is defined as pain lasting
longer than three months or past the standard time for tissue to heal.” Front-line
treatments include the prescription of long-acting opioids, although there is minimal
evidence to suggest opioids provide any long-term relief for chronic pain.’ Trends in
current prescribing practice suggest the rise in prescription opioid use’ has been paralleled
by a concerning increase in opioid related deaths, addiction, and medication diversion.”
Opioids are highly liable for misuse, which is evident from the reported incidence of

addiction, ranging from 3.2-27% among the chronic pain population.'

While methadone is employed in the management of chronic pain, its most
common use is in the treatment of opioid addiction,'' known formally as methadone
maintenance treatment (MMT). Under the supervision of addiction specialists, methadone
(a synthetic opioid) is prescribed to alleviate the symptoms of withdrawal and prevent
relapse.!’ Within the addiction population being treated with methadone, chronic non-
cancer pain is the most commonly reported comorbidity, with an estimated prevalence

ranging from 37-55.3%.'*"*

The intersection between pain management, opioid dependence, and addictive
behaviour inflates the challenges of treating both addiction and chronic pain. In addition
to psychiatric disturbance and inadequate social support, chronic pain is known to be one

of the greatest risk factors for opioid relapse within the methadone setting.'>'® These
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effects are argued to be the result of opioid induced hyperalgesia, characterized as a status
of heightened nociceptive sensitization caused by opioid exposure.'” This effect has been
demonstrated repeatedly, where by patients with non-cancer chronic pain taking
methadone showed increased hyperalgesic response (assessed by cold presser test but not

stimulus) in comparison to their placebo matched controls.'”'®

19,20 21,22

. . . ., 21 .
The risk for abnormal cardiovascular function, overdose, and mortality” is

highest among patients abusing opioids in combination with MMT. Classifying chronic

. . . o . 12,15,16,23
pain as a risk factor for continued opioid abuse >

calls to question which addiction
treatment is most appropriate for patients with comorbid pain. There exist a number of
opioid maintenance and antagonist therapies including methadone, buprenorphine, and

levo-a-acetylmethadol (LAAM), of which the mediating effects of pain on treatment

attrition, substance use behaviour, and social functioning may differ across therapies.

Is chronic pain an important mediating factor when evaluating patient response to
opioid addiction treatment? Which opioid maintenance or antagonist therapy is best for
improving physical, psychiatric, and substance use behaviour outcomes in patients with
opioid addiction and chronic pain? We aim to evaluate these questions using evidence
gathered from all studies evaluating chronic pain in the opioid addiction patient
population. The lack of current summary of evidence evaluating the mediating effects of
pain suggests our current effort to combine the evidence will serve to 1) distinguish the
best therapy for opioid addiction patients with comorbid pain, and 2) enable clinicians to

tailor treatments based on an important and highly prevalent risk factor.
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5.2.1 Objectives

We aim to 1) evaluate the impact of comorbid chronic non-cancer pain on all opioid
addiction treatment outcomes reported in the literature including treatment retention,
illicit substance-use behaviour, as well as physical and psychiatric symptoms, 2)
determine how different opioid maintenance and antagonist treatments compare in their
effectiveness for patients with comorbid chronic non-cancer pain, 3) provided the data are
suitable, combine the evidence from direct and indirect comparisons using network meta-
analysis, and 4) identify the most recently published opioid maintenance or antagonist
treatment guidelines from the United States, Canada, and the UK to determine how the

evidence is being translated into clinical practice for addiction management.

5.2.2 Research Questions

1.1 Among patients with opioid addiction being treated with (or randomized to) opioid
substitution or antagonist treatment (OSAT): 1) does chronic non-cancer pain
interfere with the effect of OSAT, and 2) which OSAT is best for improving treatment
response for patients with comorbid chronic non-cancer pain? We will evaluate
response across multiple outcome domains including: substance use behaviour,
physical health, psychiatric symptoms, as well as personal and social functioning.

1.2 Do the most recently published United States, Canadian, and United Kingdom OSAT
clinical practice guidelines capture and properly translate the evidence obtained from

the studies evaluated in this review?
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5.3 METHODS

5.3.1 Systematic Review Methods

5.3.1.1 Inclusion and Exclusion Criteria

To be included in this review, the study must evaluate the impact of chronic pain
on patient’s response to opioid addiction treatment. The study must have provided a
comparison of response to treatment outcomes (e.g. continued opioid abuse, general
physical health) between patients with and without chronic pain. We also require the
studies to have evaluated patients on an OSAT for opioid addiction. We will not place
any restrictions on the types of OSAT or measurement of chronic pain. All study designs
will be accepted into this review, (i.e. randomized controlled trials, observational studies
or qualitative studies). No restrictions were placed on socioeconomic, geographic, or

ethnic backgrounds of participants for this review.

To be eligible for inclusion, all studies must be primary (original research in patients with
pain, no secondary reporting), completed (no interim analyses will be allowed in this

review), and performed in a human population.

5.3.1.2 Outcome Measures

The primary outcome in this review is illicit opioid use, which can be measured in
various ways including urine toxicology screening or self-report. We anticipate many
definitions and measurements of opioid use. For example, some studies measure opioid

use behaviour as the number of days of opioid use in the last month, while others report
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the mean number of positive opioid urine screens, or days until opioid relapse. We will
accept any definition or measurement of illicit opioid use, provided the study performs an
analysis comparing opioid use behaviour based on patients’ chronic pain status. We will
also abstract data on all other efficacy end-points including non-opioid substance abuse,
general physical health, psychiatric symptoms, personal and social functioning,
intervention adherence (e.g. treatment retention, drop out rate), resource utilization (e.g.
hospital admissions) as well as treatment preference. However, short-term outcomes
(initial dosing, initial response in a period of <3 weeks or early detoxification response)
will not be evaluated.

5.3.1.3 Data Sources and Search Strategy

We will perform an electronic search using the Medline, EMBASE, PubMed,
PsycINFO, Web of Science, Cochrane Database of Systematic Reviews, ProQuest
Dissertations and theses Database, Cochrane Central Register of Controlled Trials
(CENTRAL), World Health Organization International Clinical Trials Registry Platform
Search Portal, and the National Institutes for Health Clinical Trials Registry. In addition,
the reference lists of all Cochrane reviews addressing this topic will be reviewed. We will
use the Cochrane reviews to validate our own searches of databases and ensure we have
captured the relevant articles in our field. This supplementary search will be applied to

Cochrane reviews since they are considered the gold standard in systematic reviews.

We will use a comprehensive search strategy tailored for each database. Please
refer to Table 5.3.1.3 for an outline of the search strategy. We consulted a McMaster

University Faculty of Health Science librarian as needed throughout the design and
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investigation phases of the study. The search will be restricted to human studies. Our
search will not be restricted to the published literature. We acknowledge that studies in
the unpublished literature may not be subject to the same scrutiny as the investigations
published in peer-reviewed journals. However, the unpublished literature meeting the
inclusion criteria will still be subject to the same rigorous risk of bias assessment as all
studies included in this review. To ascertain the gray literature we will perform a search
using the ProQuest Dissertations and theses Database. The title, abstract, and full text
screening will be performed in duplicate by two independent reviewers (Dennis, B and
Bawor, M).

5.3.1.4 Selection of Studies

Two independent reviewers will screen titles and abstracts and potentially eligible full
text articles using predefined inclusion criteria. Any disagreements or variability between
reviewers will be resolved by discussion. If discussion does not lead to a resolution, a
third author (Samaan, Z) will be consulted and have the final judgment over the disputed
article. We will calculate and report the kappa statistic for each stage (title, abstract, full-

text) of screening to display the level of agreement between reviewers.

This review will be reported in accordance with the PRISMA guidelines.>* The review

will include a flow diagram (Figure 5.3.1.4) of the article screening process.

119



Ph.D. Thesis — BB. Dennis; McMaster University — Health Research Methodology

5.3.1.5 Data Abstraction

The two authors (BD and MB) will independently extract data from the studies using
a pre-established data extraction form (DEF), which is available upon request. All study
information will be recorded onto the DEF and later entered onto an electronic Microsoft
Excel sheet. The independent reviewers will extract all eligible studies in duplicate.
Similar to the methods for disagreement resolution during the title and abstract screening,
the independent reviewers will first discuss the disagreements they have during the data
abstraction. When discussion does not lead to a resolution, a third reviewer (Samaan, Z)

will provide the final decision over the disagreement.

Information extracted during the data abstraction will include author, date of
publication, journal of publication, number of study participants, type of population
(clinical, incarcerated, pregnant), eligibility criteria, OSAT(s), OSAT dose (by chronic
pain status), definition of chronic pain, identification of primary outcome, definition of
response outcome(s), measurement of chronic pain, measurement of response outcome(s),
percentage/number of participants with chronic pain, statistical analysis performed, study
findings, overall statistical findings, factors associated with treatment response (if

reported), and authors conclusions.
5.3.1.6 Assessment of Methodological Quality

Two independent reviewers will assess the methodological quality of the studies in

duplicate using a modified Newcastle Ottawa scale for case-control and cohort studies,”
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the NIH National Heart, Lung, and Blood Institute: Quality Assessment Tool for Cross-
Sectional Studies,26 and the Cochrane Risk of Bias Tool?’ for randomized controlled trials.
As mentioned above, any discrepancies between the independent reviewers will first be
resolved by discussion, if discussion does not lead to an adequate solution a third

reviewer (Samaan, Z) will be brought in with the responsibility of resolving the dispute.

All summary estimates obtained from meta-analysis will be subject to evaluation
using the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) guidelines.”® Provided the data are appropriate, summary statistics derived for
direct and indirect estimates using NMA will also be subject to assessment using the

GRADE framework.”’

5.3.2.0 Statistical Analysis Methods

The results of this systematic review will be reported in a narrative and where
possible, a combined statistical manner. Agreement levels between the independent
reviewers will be measured using the kappa statistic. Provided there is little heterogeneity
between studies, we plan to conduct a meta-analysis to derive a summary statistic
representing the combined statistical result of multiple studies across our primary
outcome (illicit opioid use behaviour) and secondary efficacy end-points. As described
previously,*® the lack of direct comparisons reported in the literature is a common
problem when combining the evidence from studies evaluating OSATs. The majority of
studies evaluate new therapies in direct comparison to methadone or placebo, leaving us

to question the comparative effectiveness compared to other OSATs. To circumvent this
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problem we are proposing using network meta-analysis (NMA) to provide the pooled
effect estimates of chronic pains mediating effects on the primary outcome (illicit opioid

use behaviour) for all OSTs.

Research methodologists highly caution against the pooling of studies with fundamentally
different designs,’'~* largely because of imbalanced susceptibility to selection bias non-
randomized studies face.*' Thus, we will combine the results of randomised and non-

randomised studies in separate meta-analyses.
5.3.2.1 Direct Comparisons

We will perform a meta-analysis to pool results for our primary outcome as well as all
secondary efficacy end-points. Findings abstracted from direct comparisons will be
pooled together using a random-effect meta-analysis with Knapp-Hartung (KH)

estimator.” All analyses will be performed using the metafor and rmeta packages in R.**

Dichotomous outcome(s) will be combined into a pooled odds ratio, where continuous
outcomes (e.g. mean number of positive opioid urine screens evaluated by chronic pain
status) will be pooled using the standardized mean difference. All direct comparisons

will be weighted using the inverse of the variance.

Results from studies deemed eligible for inclusion into the meta-analysis will be
presented in a forest plot, with the associated 95% confidence intervals presented. We
will calculate and report the inconsistency index (I*) statistics and p-values as the

measure of heterogeneity in the results of the studies and whether the actual observed
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difference can be attributable to chance alone.” We will interpret the I” statistic using
the thresholds set forth by the Cochrane Collaboration, these include I* of 0-40% (might
not be important), 30-60% (moderate heterogeneity), 50-90% (substantial
heterogeneity), and 75-100% (considerable heterogeneity).”’ The Egger’s test will be

used to assess for publication bias.

We anticipate a study’s scoring on methodological quality assessment as well as
differences in measurement selection (e.g. urine toxicology screening versus self-report)
to be important factors accounting for heterogeneity between studies. The methodological
quality of individual studies will be captured using the Cochrane Risk of Bias tool,
Newcastle Ottawa Scale, and the NIH National Heart, Lung, and Blood Institute: Quality
Assessment Tool for Observational Cohort and Cross-Sectional Studies. Subgroup
analyses will stratify on the basis of the study’s performance on the risk of bias
assessment. We will stratify our analyses on the basis of Cochrane risk of bias responses,
whereby studies will be characterized has having an overall “high risk of bias” if at least
one domain on the Cochrane risk of bias tool is rated as high risk. Thus, results of any
study with > 1 “high risk of bias” rating across domains will be considered at risk for
confounding. For observational studies, we will need to address risk of bias according to
the appropriate assessment tools, thus we will not be able to use Cochrane risk of bias
across all studies. For cohort and case-control studies, any study with zero stars in > 1
section will be considered high risk of bias based on the Newcastle Ottawa Scale.
According to the Newcastle Ottawa Scale, receiving stars indicates a lower risk of bias.

The lack of stars in any section indicates the study has not addressed a possible source of
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confounding. For cross-sectional studies rated with the NIH tool, any study receiving a
“fair” or overall “poor” quality rating will be classified as high risk of bias and included
for subgroup analysis. We anticipate the studies with improper adjustment for important

confounding variables to have high-susceptibility for confounded treatment effects.

We will also stratify our meta-analyses based on outcome measurement. A clear
example of how measurement can influence the study results is noted with the
measurement of opioid use, where some studies use urine toxicology screening to
determine concomitant opioid abuse and other studies use self-report. Self-report is
susceptible to social desirability bias, where some patients may be reluctant to report
continued opioid abuse in an effort to maintain a positive standing with physicians and
clinical staff. Thus, quality of measurement can contribute to large difference in the study

findings.

Acknowledging the impact of publication status as a potential source of bias, we will
perform sensitivity analysis to determine whether a study’s publication status impacts the
observed effect estimates. Studies in the gray literature are not subject to the same level of
scrutiny as those in peer reviewed journals. The peer review process leads to the
identification of potential sources of confounding and allows authors to re-perform their
analyses by properly adjusting for newly identified sources of error. Thus, some of the
unpublished literature may present different treatment effects simply due to the lack of
external evaluation. We will evaluate this potential concern by performing an additional

sensitivity analysis, stratifying our meta-analyses by the articles publication status.
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5.3.2.2 Combining Direct and Indirect Evidence: The Network Meta-Analysis

Provided the data are suitable for NMA, we propose building a Bayesian hierarchical

model using maximum likelihood estimation to derive summary statistics for binary

outcomes. This model will introduce a random effect representing the variation in effect

estimates resulting from the comparison itself. Any variation in the random effect will be
2 36

considered “inconsistency”.”” This method allows for treatment heterogeneity, sampling

variability, and inconsistency’® while also applying maximum likelihood estimation.*®

Due to the fragility of the NMA, we propose selecting the best evidence for inclusion into
the model. Thus, only evidence from randomized trials with > 200 people in the
comparison will be selected for inclusion into the NMA model. We set this sample size
requirement to adjust for the high susceptibility of type I error in studies evaluating

multiple treatment outcomes.

We will use node splitting to identify inconsistency,’’*

a method that identifies loops
with large inconsistency. The inconsistency will be taken into consideration during the

interpretation of the results. We will also use the deviance information criterion (DIC) to

estimate how parsimonious the data are.’’

Findings from the NMA will be presented using probability statements of treatment
effects as well as a ranking of these probabilities, which illustrates each interventions
probability of ranking first.”” We will also graphically display the probability ranks using

the surface under the cumulative ranking (SUCRA) line.”
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5.3.3 Methods for Evaluating the Clinical Guidelines

To identify the most recently published North American guidelines on opioid

maintenance treatments we will search www.guidelines.gov. We will search using the

terms “opioid use disorder, opioid dependence, opioid addiction, and opioid substitution
treatment.” We will also search the National Institute for Health and Care Excellence
(NICE) database to identify the most recently published guidelines used by the National
Health Service in the UK. We will use pilot tested data-abstraction forms to extract data
on: the recommendations made by each guideline, the strength of the recommendation,
the evidence cited by the guideline for each recommendation, whether the guideline
developers interpreted any clinical subgroup effects with caution, and whether the
guideline discussed the impact of pain on poor treatment response. We will also
quantitatively appraise the quality of the guidelines using the Appraisal of Guidelines for
Research & Evaluation I (AGREE) Instrument, a validated tool used for guideline

40,41
assessment.

We will use this tool to assess the transparency in the development of
guideline recommendations for chronic pain subpopulations. However, the use of the

AGREE II will be unjustified if no formal recommendations are made for managing this

population.
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5.4 DISCUSSION

Understanding the impact of comorbid disorders on addiction treatment outcomes is
essential for enhancing evidence-based practices within the field of mental health and
addiction. This investigation will focus on determining the role that chronic non-cancer
pain has on the patient’s experience of opioid addiction treatment. Acknowledging the
complexity of comorbid pain management within the addiction treatment setting, we aim
to understand the extent to which chronic pain is related to negative health outcomes
including functional disability, physical difficulty, mental health problems such as
depression and anxiety in the context of opioid addiction.'® Determining the influence of
chronic pain on response to OSAT will require a detailed assessment across several
different patient important outcomes. This review will capture the experience of treatment
for a substantive sub-population of opioid addiction patients. If chronic pain truly does
result in negative consequences for opioid addiction patients, it is important we identify
which OSAT is most appropriate for chronic non-cancer pain patients. We will also
identify how current evidence is translated into practice by thoroughly reviewing
international guidelines for OSAT. We aim to address how addiction treatment guidelines
propose managing patients with comorbid pain. This objective provides an opportunity to
distinguish the best quality guidelines and ultimately identify future areas for

improvement.

127



Ph.D. Thesis — BB. Dennis; McMaster University — Health Research Methodology

5.5 ACKNOWLEDGMENTS, FUNDING, AND AUTHOR

CONTRIBUTIONS

The authors report no conflicts of interest. This work was supported by Canadian

Institutes of Health Research (CIHR) Drug Safety and Effectiveness Network (DSEN)
grant (grant number: 126639), Chanchlani Research Centre, Population Genomics
Program, and the Peter Boris Centre for Addiction, St. Joseph’s Healthcare Hamilton. The
funders had no role in study design and conduct of the study; collection, management,
analysis, and interpretation of the data; and preparation, review, or approval of the
manuscript. BBD and MB are supported by the Intersections of Mental Health

Perspectives in Addictions Research Training (IMPART) fellowship funded by CIHR and

the British Columbia Centre for Excellence for Women’s Health.

The authors declare that they have no competing interests. BBD, MB, LT, ZS, JP, CP,
MV, JD, DCM, DD, GP, and AW conceived the research question and designed the
review protocol. JP provided guidance for the evaluation of pain measures in opioid
dependent populations. BBD and MB performed the literature search, tested and revised
the electronic search strategy, as well as designed and pilot tested the data extraction
forms. BBD and LT designed the statistical analysis plan. BBD, MB, LT, JP, ZS, CP, MV,
JD, DCM, DD, GP, and AW contributed equally to writing and revision of the manuscript.

The final version of the protocol has been read and approved by all authors.

128



Ph.D. Thesis — BB. Dennis; McMaster University — Health Research Methodology

5.6 FIGURES AND TABLES

Figure 5.3.1.4 Flow Diagram of Article Screening Process

Figure 1: Flow diagram of the article screening process
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Studies included for title screening

Studies excluded during title
screening

Studies included for abstract
screening

__Studies excluded during
abstract screening

Studies included for full-text
screening

Studies excluded during full-text
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Table 5.3.1.3 Electronic Search Strategy for the Identification of Relevant Studies Across

Multiple Databases
MEDLINE
Search = 1. substance related disorders.mp. or Substance-Related Disorders/
2. opioid related disorders.mp. or Opioid-Related Disorders/
3. Opioid-Related Disorders/ or Methadone/ or Analgesics, Opioid/ or Heroin
Dependence/
4. lor2or3
5. methadone.mp. or Methadone/
6.  Opiate Substitution Treatment/ or Naloxone/ or Buprenorphine/ or Opioid-
Related Disorders/ or Narcotic Antagonists/
7. buprenorphine.mp. or Buprenorphine/
8. naltrexone.mp. or Naltrexone/
9.  Substance Abuse Treatment Centers/ or Heroin/ or Heroin Dependence/ or
Opioid-Related Disorders/ or Randomized Controlled Trials as Topic/ or
Methadone/
10. opioid substitution treatment.mp. or Opiate Substitution Treatment/
11.  Buprenorphine/ or Analgesics, Opioid/ or Opioid-Related Disorders/ or
Methadone/ or Heroin Dependence/
12. Sor6or7or8or9orl0orllorl2
13.  chronic pain.mp. or Chronic Pain/
14. 4and 13 and 4
15.  limit 15 to humans
Web of Science 1. Topic=("methadone" OR "methadone maintenance therapy” OR
Search = "naltrexone" OR "suboxone" OR "buprenorphine" OR "heroin assisted
treatment")
2.  Topic=("opioid dependence” or “addiction”)
1. Topic=(“chronic pain “ OR “pain” OR opioid induced hyperalgesia”)
2. 1AND2AND3
EMBASE = 1. methadone treatment/ or methadone.mp. or methadone/ or methadone plus
naloxone/
2. heroin dependence/ or maintenance therapy/ or methadone/ or opiate
addiction/ or diamorphine/ or methadone treatment/
3. buprenorphine/ or buprenorphine.mp.
4. naltrexone.mp. or morphine sulfate plus naltrexone/ or naltrexone/
5. opioid substitution treatment.mp. or opiate substitution treatment/
6.  methadone/ or diamorphine/ or heroin dependence/
7.  levomethadyl acetate.mp. or levacetylmethadol/
8 lor2or3or4orSor6or7
9.  substance related disorder.mp. or addiction/
10. naltrexone/ or buprenorphine/ or opioid addiction.mp. or methadone/
11. 9orl0
12.  chronic pain.mp. or chronic pain/
13. 8and 11 and 12
14.  limit 13 to human
PsychINFO 1. exp Drug Therapy/ or exp Methadone Maintenance/ or exp Heroin
Search = Addiction/
2. exp Methadone/ or exp Naloxone/ or exp Drug Therapy/ or exp Drug
Dependency/ or buprenorphine.mp.
3. naltrexone.mp. or exp Naltrexone/
4.  exp Heroin Addiction/ or exp Drug Rehabilitation/ or exp Drug
Dependency/ or exp Clinical Trials/
5. exp Drug Therapy/ or exp Methadone Maintenance/
6. lor2or3ordor5
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7. exp Drug Abuse/ or substance related disordermp. or exp Drug

Dependency/
8. substance abuse.mp. or exp Drug Abuse/
9 7or8

10. chronic pain.mp. or exp Chronic Pain/
11. 6and9and 10

Cochrane Library: Cochrane
Review and Cochrane Central
Register of Controlled Trials =

Search title, abstract, keywords:

1. "methadone" OR ‘"naltrexone” OR "buprenorphine" OR "opioid
p p P
substitution treatment" OR "levo-methadyl acetate" OR "heroin assisted
treatment”" OR "heroin substitution treatment"

2. ‘substance abuse disorder" OR "opioid abuse” OR "substance-related
disorder" OR "opioid addiction"

3. "chronic Pain" OR "pain" OR "hyperalgesia" OR "neuropathic pain"

Clinical Trials Registry through
National Institutes for Health =

"methadone" OR "suboxone" OR "Buprenorphine" OR "substitute opioid therapy" OR
"naltrexone" OR “heroin assisted treatment” OR “heroin adjustment therapy” AND
"opioid addiction" AND “chronic pain”, with additional criteria including: Completed
studies, all trials had to be listed as Phase 3, 4

World Health Organization
International  Clinical Trials
Registry Platform Search Portal

e

opioid addiction” OR “opioid substitution treatment” OR “opioid maintenance
treatment” OR “methadone maintenance treatment”™” AND “chronic pain”

ProQuest Dissertations
and theses Database

“opioid addiction” OR “opioid dependence” AND “pain” OR “Chronic Pain”
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6.1 ABSTRACT

Background: A number of pharmacological interventions exist for the treatment of
opioid addiction. Evidence evaluating the effect of pain on substance use behaviour,
attrition rate, and physical or mental health amongst these therapies has not been well
established. We aim to evaluate these effects using evidence gathered from a systematic

review of studies evaluating chronic non-cancer pain (CNCP) in opioid addiction patients.

Methods: We searched the Medline, EMBASE, PubMed, PsycINFO, Web of Science,
Cochrane Database of Systematic Reviews, ProQuest Dissertations and theses Database,
Cochrane Central Register of Controlled Trials, World Health Organization International
Clinical Trials Registry Platform Search Portal, and National Institutes for Health Clinical
Trials Registry databases to identify articles evaluating the impact of pain on addiction

treatment outcomes for patients maintained on opioid substitution or antagonist therapy

(OSAT).

Results: Upon screening 3540 articles, fourteen studies with a combined sample of 3128
patients fulfilled the review inclusion criteria. We did not identify any studies evaluating
patients on an opioid antagonist therapy. Results from the meta-analysis suggest pain has
no effect on opioid relapse (Pooled Odds Ratio[pOR]:0.70, 95%CI 0.41,1.17: I>=0.0), and
a protective effect for reducing illicit non-opioid consumption (pOR: 0.57, 95%CI 0.41,
0.79: I’=0.0). Studies evaluating illicit opioid consumption using other measures
demonstrate pain to increase risk for opioid relapse. Pain is significantly associated with

the presence of psychiatric disorders (pOR: 2.18; 95%CI 1.6, 2.9: I*=0.0%).
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Conclusion: CNCP may increase risk for opioid relapse and poor psychiatric functioning.
Qualitative synthesis of the findings suggests major methodological differences in the
design and measurement of pain and treatment response outcomes are likely impacting

the effect estimates.
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6.2 INTRODUCTION

Despite impacting the lives of over 95 million people,' there are a limited number of
effective treatments for chronic non-cancer pain (CNCP).> CNCP is characterised as a
significant pain lasting longer than the standard healing time and that is not directly
caused by malignancy.” While there is limited evidence to support the effectiveness of
opioids for providing long-term pain relief,” they remain the most commonly used
intervention.* This is concerning due the global rise in opioid-related medication
diversion, morbidity, and mortality.” Patients prescribed opioids also incur a substantial
risk for addiction and the incidence of opioid addiction is estimated to affect up to 27% of
the CNCP population.'® There exist a number of interventions for opioid addiction, of
which methadone is the oldest and most commonly employed.'' Methadone maintenance
treatment (MMT) is an opioid substitution therapy (OST) prescribed to alleviate
withdrawal symptoms and stabilize patients seeking to abstain from illicit opioid

.11
consumption.

CNCP is the most commonly reported comorbid disorder among patients receiving OST,
impacting 37-55.3% of patients receiving substitution therarpy.'>'* CNCP is also one of
the strongest predictors for relapse within the OST setting.'>'® Studies identifying
predictors for adverse outcomes among patients treated with methadone found patients
reporting pain to have higher incidence of opioid abuse and abnormal psychiatric

15,16

symptoms. ~° Patients who continue to abuse opioids while on OST have an increased
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17,18

risk for cardiovascular abnormalities, overdose, **" and death,"” emphasizing the

importance of distinguishing the risk factors for continued opioid abuse.

21-54
to

While many trials evaluate the effectiveness of OSTs for patients with addiction,
our knowledge none provide an analysis or discussion as to the mediating effects of pain
on substance use behaviour, treatment retention, or other patient important outcomes.
Even among the oldest and most commonly employed OST -MMT— there exists
conflicting evidence that both implicates and refutes the role of chronic pain as a risk for
opioid relapse.'>'**>>7 The management of patients with opioid addiction poses many
challenges. Efforts to combine the evidence evaluating important risk factors for adverse
outcomes in the management of opioid addiction will prove critical for enhancing our

understanding of this complex disorder that is impacted by large variability in treatment

effectiveness and prognosis.

A number of OSTs exist including MMT, levo-a-acetylmethadol (LAAM),
buprenorphine/ naloxone, morphine, as well as heroin. However the impact of pain on
the effectiveness of these therapies among outcomes such as attrition rate, substance use
behaviour, and physical or mental health has not been well established leaving many
questions unanswered: Are patients with pain responding poorly to opioid substitution
treatment? Is there evidence demonstrating superiority of any OST in the subpopulation
of addiction patients with comorbid pain? We will attempt to answer these questions
using evidence gathered from a systematic review of all studies evaluating CNCP in the
opioid addiction patient population. Findings from this review will serve to provide

consensus in establishing whether CNCP is an important risk factor for patients on OST,
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distinguish the best available OST treatment for patients with CNCP, and provide an
evidence-based knowledge synthesis to enable clinicians managing opioid-dependent
and CNCP patients to evaluate risk factors for poor prognosis and tailor treatments

accordingly.
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6.3 OBJECTIVES AND RESEARCH QUESTION

6.3.1 Objectives

We aim to: 1) evaluate the impact of CNCP on substance use behaviour, physical health,
psychiatric symptoms, as well as personal and social functioning; 2) determine whether
any OST demonstrates superiority or shows significant benefit for patients with opioid
addiction reporting comorbid pain; 3) provided the data are suitable, combine the
evidence from direct and indirect comparisons using network meta-analysis, and; 4)
identify the most recently published opioid maintenance treatment guidelines from the
United States (US), Canada, and the United Kingdom (UK) to determine how the
evidence is being translated into clinical practice for managing chronic pain associated

with opioid addiction.

6.3.2 Research Question(s)

1. Among patients with opioid addiction being treated with (or randomized to) opioid
substitution treatment (OST):

2. Does CNCP impact OST outcomes?

3. Which OST is most effective for improving treatment response in patients with
comorbid

CNCP?

Treatment response will be defined by improvements in substance use behaviour,

physical health, psychiatric symptoms, as well as personal and social functioning.
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4. Do the most recently published Canadian, American, and United Kingdom OST
clinical practice guidelines capture pain as an important factor in opioid addiction and

properly translate the evidence obtained from the studies evaluated in this review?
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6.4 METHODS

6.4.1 Systematic Review

The methods of this systematic review are published®® and registered with PROSPERO
(ID: CRD42014014015). Briefly, we performed a systematic review to identify all studies
evaluating the impact of chronic pain on different treatment outcomes within the opioid
addiction patient population. We searched Medline, EMBASE, PubMed, PsycINFO, Web
of Science, Cochrane Library, ProQuest Dissertations and theses Database, Cochrane
Clinical Trials Registry, World Health Organization (WHO) International Clinical Trials
Registry Platform Search Portal, and National Institutes for Health (NIH) Clinical Trials
Registry databases. We searched the Cochrane Library to identify relevant systematic
reviews of the topic. Independent reviewers later hand-searched reference lists from these
reviews for any missed studies. We screened the title, abstract, and full-text articles in
duplicate. We report the kappa statistic to demonstrate the level of agreement

. 59
between reviewers.

To be included in this review studies were required to assess the impact of pain on any of
the following treatment outcomes: physical, psychological, or social outcomes for
patients receiving opioid agonist or antagonist substitution therapy for opioid addiction.
Study participants were required to be on a maintenance therapy for the opioid addiction.
The initial search included studies evaluating patients on antagonist therapy, however no
studies assessing antagonist therapy were identified. Studies evaluating patients on OST

for the treatment of pain and not opioid addiction (e.g. methadone for pain) were not
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eligible for this review. While our search did not place any language or time restrictions
on retrieved articles, the search was restricted to human studies. All studies were subject
to risk of bias assessment according to the appropriate quality assessment tools. We
evaluated observational studies using two risk of bias tools, cross-sectional studies using
the National Institutes of Health (NIH) National Heart, Lung, and Blood Institute: Quality
Assessment Tool for Observational Cohort and Cross-Sectional Studies® and cohort
studies using the Newcastle Ottawa Scale.’’ We evaluated randomized trials using the
Cochrane risk of bias tool.”> We assessed the strength of the evidence summarized in this
review using Grading of Recommendations Assessment, Development and Evaluation

(GRADE).%

Independent reviewers performed full-text extraction in duplicate using pilot tested data
extraction forms. We extracted from each study the following information: author, date of
publication, journal of publication, number of study participants, type of population
(clinical, incarcerated, pregnant), eligibility criteria, type of OST(s), OST dose (by
chronic pain status), definition of chronic pain, identification of the study primary
outcome, definition of treatment response outcome(s), measurement of chronic pain,
measurement of response outcome(s), percentage/number of participants with chronic
pain, statistical analysis performed, study findings, overall statistical findings, factors

associated with treatment response (if reported), and authors’ conclusions.

A flow diagram detailing the article selection process as well as detailed tables reporting
the key methods and conclusions of studies deemed eligible for this review are reported

in accordance with the meta-analysis of observational studies in epidemiology
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(MOOSE) and Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) reporting guidelines.**
6.4.2 Guideline Assessment

To identify Canadian and American opioid maintenance treatment guidelines we searched

www.guidelines.gov for with the terms “opioid dependence, opioid addiction, and opioid

substitution treatment.” To identify the most recently published UK guidelines we

searched the National Institute for Health and Care Excellence (NICE) using key words

99 ¢ 9 ¢

“opioid addiction,” “methadone,” “buprenorphine” “naltrexone,” and “opioid
dependence.” We extracted specific information including year of publication, guideline
objectives, any information on pain population subgroups, evidence cited by guideline for
managing patients with comorbid pain, and any cautions regarding specialized

populations.

We intended to evaluate each guideline using the rigor of development and applicability
domains from the Appraisal of Guidelines for Research & Evaluation II (AGREE)
Instrument. AGREE 11 is a validated instrument used for the quality assessment of

clinical guidelines.**®’

In its entirety the tool has 23 items organized across six quality
domains.®® Our major objective using these guidelines is to distinguish the best quality
guidelines by assessing how evidence is being incorporated into guideline development.

As such we only assessed these guidelines on the basis of the rigor of development and

applicability domains.

6.4.3.0 Statistical Analysis
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While we originally intended to perform a network meta-analysis (NMA) to
statistically combine the results for direct and indirect OST comparisons, the lack of
studies a) evaluating different OSTs, b) performing head to head comparisons, and c)
evaluating similar outcomes prevented us from successfully completing the NMA.
Thus, we summarize the results of all direct comparisons in this review narratively and

statistically where appropriate.
6.4.3.1 Qualitative Summary

Due to the large variations in the definition and measurement of outcomes reported
across studies we chose to provide a qualitative summary for each outcome. We
provide a detailed summary of all results according to broader themes that
appropriately capture the behaviour or attribute of interest. For instance, substance use
behaviour can capture a wide array of specifically defined and measured outcomes.
Whether it is the number of days of crack/cocaine use over the past month, or the
percentage of participants reporting non-opioid substance abuse, the broader category
of illicit substance use adequately captures this behaviour. We have chosen a list of
categories generated from a larger systematic review of OST effectiveness (Dennis et.
al, unpublished 2015) which organized outcomes collected from 60 trials into broader
domains proposed by commonly used addiction severity indices (i.e., the Addiction
Severity Index [ASI]®® and Maudsley Addiction Profile [MAP]).’ The identified
outcome domains included: physical health, psychiatric health and symptoms, abstinence
and substance use behavior, personal and social functioning, global quality of life and

addiction severity assessments (including global addiction severity measure scores),
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intervention adherence, acceptance of intervention, and resource utilization (e.g. hospital

admission).

A summary of findings table is presented to demonstrate the impact of pain across each
outcome domain. The additional “Findings” column details our conclusions based on
the available evidence. To reach a valid conclusion we decided a priori on the
following criterion: > 50% of the studies for a single intervention (methadone,
buprenorphine) must demonstrate a harmful or beneficial effect of pain on the outcome.
If less than 50% of the studies demonstrate such an effect we concluded there was not

enough evidence.

6.4.3.2 Quantitative Summary

We conducted meta-analyses using a random-effects model to address the following
outcomes: illicit opioid use, illicit substance use, and presence of psychiatric illness.
Each of these outcomes were measured as binary variables, whereby the studies provided
the number/percentage of participants who reported using opioids, other substances, or a
history of psychiatric illness. Since each of our outcomes used for the meta-analysis were
dichotomous, we present the summary estimates as pooled odds with 95% confidence
intervals. We employed the Mantel-Haenszel method for pooling the results of binary
variables, this method provides the option to estimate between study variation by
assessing each study’s final results to a Mantel-Haenszel fixed effect meta-analysis
estimate. The results for each meta-analysis are presented in separate forest plots. Due to

the small number of studies included in each meta-analysis (maximum of 3), we chose
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not to assess for publication bias using Egger’s plot. We used the inconsistency
index (I%) statistic to determine the level of heterogeneity in the results of the studies,
using the I* values of 0-40% (might not be important), 30-60% (moderate
heterogeneity), 50-90% (substantial heterogeneity), and 75-100% (considerable

heterogeneity) as the categorizations set forth by the Cochrane Collaboration.”

As discussed in the published protocol, we anticipated the studies’ quality assessment to
important risk of bias assessment items (items assessing adjustment for confounding) as
well as differences in measurement selection to be important factors contributing to
heterogeneity between studies.” Our a priori hypotheses for heterogeneity between
studies have been previously summarized in detail.”® However, the number of studies
eligible for inclusion in the meta-analysis was small enough (n=<3) that the use of

subgroup analyses would be deemed inappropriate.
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6.5 RESULTS

6.5.1 Study Characteristics

Upon searching seven databases and three clinical trial registries we reviewed 3540
unique articles. Independent reviewers screened the title (Kappa[K]:0.51, SE 0.04; 95%CI
0.43,0.58), abstract (K:0.41, SE:0.09; 95%CI 0.24,0.58), and full text articles (K:0.77, SE
0.12; 95%CI 0.53,1.0) with moderate agreement. We identified 14 articles eligible for

12-16,55,71-78

inclusion into this review. Figure 6.5.1a provides a flow diagram detailing the

screening process at each stage of the literature search.

Across a combined population of 3128 patients, the included studies evaluated the impact
of pain on different treatment response outcomes for high-dose methadone (>60 mg/day),
low-dose methadone (<60 mg/day), high-dose levo-a-acetylmethadol (LAAM) (= 85
mg/day), low dose LAAM (<85 mg/day), high-dose buprenorphine (>16 mg/day), low-
dose buprenorphine (<16mg/day), high-dose Suboxone® (buprenorphine > 16 mg/day +
naloxone), and low-dose Suboxone® (buprenorphine < 16 mg/day + naloxone). The
studies used a range of epidemiologic designs including cross-sectional, randomized
controlled trial, and prospective cohort. Details of the design characteristics of individual
studies are summarized in Figure 6.5.1. While the majority of studies used the BPI'*
1471737678 t6 measure pain (Figure 6.5.1b), the definitions and cut-offs used to determine
pain varied greatly (Figure 6.5.1). Some studies provide unclear descriptions of both the

measurement and definition of pain.'>"*
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Using the outcome domain categorizations described earlier, we found the majority of
studies evaluated the effects of pain on abstinence from illicit opioids and other substance
use related outcomes. Figure 6.5.1¢ provides a summary of all outcome domains with the

corresponding number of studies reporting each outcome.

6.5.2 Risk of Bias Assessment

60-62
acCross Cross-

The risk of bias assessment was performed using three instruments
sectional, cohort, and randomized studies. Results from the quality assessment are
summarized in supplementary in supplementary Appendix iii Tables S1-S3. The majority
of studies suffer from a high risk of bias due to the lack of reporting on important issues
such as follow-up, missing data, and blinding (Tables S1-S3). The majority of studies
used a cross-sectional design (k=10) to assess the association between the presence of
pain and OST treatment outcome, while only half of the studies (k=5) established a “dose
response” relationship between pain severity and treatment outcome, suggesting an

increase in the intensity of the exposure (pain) is associated with an increase in opioid

consumption. (Table S1 in supplementary appendix iii).

6.5.3.0 Abstinence and Substance Use Behaviour

6.5.3.1 lllicit Opioid Use

Among the 14 studies included in this review, 12 evaluated the impact of chronic pain on
illicit opioid use behaviour. The measurements, definitions, and statistical methodology

used to evaluate opioid use are described in Table 6.5.3.1. The majority of studies
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measured opioid use behaviour using urine toxicology screening (Table 6.5.3.1)."!%1673

77178 However some studies relied on a self-report tool generated for the study, or the

Addiction Severity Index (ASI) to determine the frequency of opioid use.'>>""7® We
were unable to combine the results of the majority of studies evaluating the same
intervention (e.g. methadone) because of the large variations in defining illicit opioid use
behaviour. While some studies report the number of patients using illicit opioids

- 12-14,16,71,73,74,76
(separated by pain status),'>' 4167173747677

others choose to report the number of days of
illicit opioid use,’® as well as the percentage or mean percent of positive opioid screens
reported by chronic pain status.'®” Of the 12 studies evaluating illicit opioid use
behaviour, only two reported a significant effect of pain on opioid consumption,'®>
whereby both studies were performed in MMT patients and use different measures to
assess opioid use behaviour. Despite differences in measurements and interventions (e.g.
methadone, buprenorphine), the majority of studies report no effect of pain on illicit

s e 12-14,71,73-77
opioid use.

Studies eligible for inclusion in the meta-analysis defined opioid use behaviour as a
binary outcome, categorizing participants as having engaged in illicit opioid consumption
if >1 urine test in a designated time period preceding the survey was positive.'>'® While
not originally reported in the Dennis et. al (2014) paper, the authors provided data for the
purposes of this review.'® Of the 235 methadone patients assessed in the Dennis et. al
(2014) study, 79.7% of the patients reporting pain and 81.3% of those without pain were
found to have >1 positive opioid urine screen (Dennis et. al 2014, unpublished). The

meta-analysis presented in the Figure 6.5.3.1 forest plot provides the pooled odds ratio
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using a random-effects model. Findings from the meta-analysis suggest there is no effect
of pain on illicit opioid consumption (Pooled Odds Ratio [pOR]:0.70, 95% CI1 0.41,1.17,;
I°=0.0). For the studies evaluating the impact of pain on opioid consumption among

buprenorphine maintained patients, neither study reported a significant effect.”>"*

6.5.3.2 Illicit Substance Use (other than opioids)

Seven studies assess the impact of pain on non-opioid illicit substance use,'*'**>"'7>7 of
which the definition and measurement of what constitutes illicit substance use varied
substantially. While some studies assess the number of participants reporting any illicit
substance use (cocaine, benzodiazepine, cannabis) within the last week,”' month,'* or 3

1273 others chose to evaluate the predictors of illicit substance use behavior,”

months,
number of days of substance use in the previous month,” or the percentage of
participants reporting any substance misuse at baseline.’”” The stark heterogeneity in
defining and measuring illicit substance use precluded the majority of studies from
inclusion in the meta-analysis. Two studies measuring substance use as the percentage of
participants reporting substance use by pain status were pooled in the meta-analysis.
Findings from the meta-analysis are presented in Figure 6.5.3.2, where the presence of
pain is shown to be protective against illicit non-opioid substance use (pOR: 0.57, 95%CI

0.41, 0.79; I*:0.0). These odds of reporting non-opioid illicit substance use are reduced by

43% in participants with comorbid pain.

The findings from individual studies revealed participants with pain report higher rates of
marijuana,”” benzodiazapine” and sedative™ use. However, no differences were found

when evaluating psychoactive substance use among participants based on pain
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. . 147172
classification.'*""’

Trafton et. al (2004) assessed the impact of pain on the number of
days of reported substance use in the previous month (measured using Addiction Severity
Index),” reporting no significant differences in the number of days of reported use
between patients with and without pain for alcohol, heroin, and cocaine.™ However,
Trafton et. al (2004) found a significant difference in the number of days as well as
lifetime (years) reported use of opiates and marijuana, suggesting participants with pain
were more likely to report using these substances.’® Trafton et. al (2004) also found
participants with pain to have a longer duration of lifetime history of sedatives use (pain:
2.4 years, no pain: 0.8 years).” Trafton et. al (2004) report no significant differences in

health risk behaviours such as injecting or needle sharing between the pain and no pain

55
groups.

Bounes et. al (2013) evaluated the differences in illicit substance use (urine toxicology
and self-report) at baseline between pain and no pain groups, however they present only
the raw data and report no significant differences between groups for stimulants,
hallucinogens, or cannabis use.’* It appears however that cannabis use is reported at a
higher rate in patients with pain (28%) in comparison to patients without pain (15%)."*
Barry et. al (2009) reported similar findings, suggesting, “the pain groups reported
comparable levels of psychoactive substance use, illegal drug use and non-medical use of
prescription drug in the past week.””' However, no specific percentages of substance use
were reported per group. Dhingra et. al (2013) did not report the observed differences
between pain groups, however they did suggest that neither urine drug screen (UDS) nor

self-reported drug use on the ASI was statistically associated with clinically significant
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pain in the univariate analysis.'*

Dunn et. al (2014) report the mean percent of positive urine screens for opiates,
benzodiazepine, and cocaine use, finding patients reporting pain to have a significantly
higher rate of benzodiazepine use (mean % positive pain 7, mean % positive no pain 3;
p=0.01).” However, when evaluating the difference between the number of participants
with > 1 drug urine screen positive, they found 50 of 90 patients without pain and 52 of
137 patients with pain to be using illicit substances.” This second measurement was used

in the Figure 6.5.3.2 meta-analysis.

6.5.4 Intervention Adherence

Among the five studies evaluating the impact of pain on treatment retention,'>’*’*7® one

reported a significant effect.”” Among patients treated with low-dose methadone and low-
dose buprenorphine, Bounes et. al (2013) found retention was lower among patients
reporting pain (crude OR: 0.44, 95%CI:0.22, 0.87).” Among patients treated with
methadone and buprenorphine, Neumann et. al (2013) found no significant differences
between retention rates among patients on buprenorphine (50% retention) and methadone
(46.4% retention).”” While retention was reported as an outcome in the remaining three

12,76,78

studies, none reported details of retention by pain status.

6.5.5 Intervention Acceptance

Three studies evaluated the impact of pain on intervention acceptance.'™>’’ Jamison et.

al (2000) summarized participants views towards methadone treatment, determining
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whether participants with pain believe they are given enough methadone or are bothered
by their dependence on OST." Jamison showed participants with pain 1) did not believe
they were given a high enough dose of methadone and 2) were extremely bothered by
their dependence on methadone.'> Neumann et. al (2013) chose to report the number of
participants who crossed over to a different OST during the course of the trial, showing
no significant differences in the rate of cross-over by pain status. Bounes et. al (2013)
report the percentage of participants augmenting prescribed doses of opioid maintenance

treatment and found no significant differences between patients with and without pain.”

6.5.6 Resource Utilization

Trafton et. al (2004) provided an analysis of resource utilization to evaluate the impact of
pain on physical disability benefit collection, psychiatric disability benefit collection, and
the number of hospitalizations reported over the lifetime.” Trafton (2004) reported a
significant difference in the percentage of patients reporting physical disability claims
(25% general population, 14% no pain, 35% pain, p<0.001) and lifetime hospitalizations

(3.9% general population, 2.9% no pain, 4.9% pain, p=0.002).”
6.5.7 Personal and Social Functioning

Two studies assessed the impact of pain on personal and social functioning.'>> While
measured and defined differently, both studies showed the presence of chronic pain to be

15,55

associated with poor personal and social functioning. ™~ Jamison et. al (2000) evaluated

the differences in employment, family support, and family conflict among patients
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reporting pain."® Jamison et. al (2000) found 17.1% of participants with pain reported
employment, in comparison to the 32.3% without pain."” In addition, Jamison et. al
(2000) found patients with pain (27%) were more likely to report better family support
than patients without pain (21.%)."> The differences between groups were tested using X,

of which both were statistically significant."

Trafton et. al (2004) evaluated personal and social functioning by examining the
participant reported vitality and social functioning using the SF-36V. > Trafton (2004)
found participants reporting pain to be much less likely to report vitality (35%) and social
functioning (45%), in comparison to participants without pain, of which 53% and 76%
reported vitality and social functioning respectively.” These results were statistically

significant.
6.5.8 Physical Health

Of the eight studies assessing the impact of pain on physical health outcomes including

adverse events, symptoms related to physical functioning, and the presence of physical

12-16,55,76,77

comorbidity, seven studies showed a significant association between the

12-16,55,76
th.

presence pain and worsening physical heal Measures for physical health

outcomes varied and include; the presence of chronic illness as diagnosed by physician'’
or self-report,'>'*'*"*77 inflammatory profile differences by pain status measured using
serum levels for inflammatory biomarkers,'® number of days of reported medical

problems,” percent change in pain/functioning from baseline scores,’” self-reported

physical craving for opioids,'? number of participants reporting adverse events by chronic
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pain status,”” as well as physical health measured by HRQL scores,'* or SF-36V.” Of all
the studies evaluating physical health outcomes, one did not provide the appropriate data
to determine whether pain impacts physical health outcomes.”” However, this same study
found no differences in the physical health outcomes of pain patients randomized to low-
dose methadone and low-dose suboxone.”” The definitions, measurements, as well as

reported findings for all health outcomes are detailed further in Table 6.5.8.

6.5.9 Psychiatric Health and Symptoms

Six studies report the association between pain and different psychiatric health
12,14,15,55,71,76 . . - L o

outcomes, of which all studies reporting a significant association between the

presence of pain and 1) the presence of psychiatric disorders or 2) an increase in the

severity of psychiatry symptoms. The investigation by Fox et. al (2013) found an increase

in depressive symptoms among patients with pain at baseline. Table S4 in Appendix iii

summarizes the findings from all studies evaluating psychiatric health outcomes including

symptom severity or the presence of disorders. The majority of studies chose to present

12,15,55

the prevalence of any psychiatric comorbidity stratified by pain status, whereby

patients reporting pain showed higher rates of psychiatric comorbidity than their non-pain

12,15,55

counterparts. Some studies did however evaluate psychiatric symptoms using

14,71

different psychiatric symptom rating scales. The studies evaluating the association

14,15,55,71

between pain and specific psychiatric diagnosis (e.g. depression, anxiety) showed

participants reporting pain to have a significant increase in depressive symptoms,'*'>~>"!

15,55,71

anxiety, somatization,’ 11'r1tab111ty,15 suicidal ideation,”® and violence.™ Only one

study reports no significant differences in the suicide attempt histories of pain and non-
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pain patients.” Two studies provided suitable data for inclusion into a meta-analysis,'*"

combining the results of studies assessing the percentage of participants reporting
psychiatric comorbidity (including all diagnoses) by pain status as the outcome. Dennis et.
al (2014) provided additional data not originally reported in their study'® on the
prevalence of psychiatric comorbidity in patients with and without pain. This resulted in
the inclusion of three studies into the meta-analysis evaluating the association between
pain and psychiatric comorbidity in a combined sample of 788 participants (Figure 6.5.9).
Findings from the meta-analysis suggest a significant association between chronic pain
and psychiatric comorbidity (pOR: 2.18; 95%CI 1.6, 2.9, I*:0.0%, p=0.324), whereby in
comparison to patients without pain the odds of reporting a psychiatric comorbidity is
2.18 times greater in patients reporting pain, suggesting a significant association between

pain and psychiatric disorders.
6.5.10 Summary of Included Studies

The summary of findings specific to each intervention (e.g. methadone, buprenorphine)
can be found in Table 6.5.10. This table provides an outline of the number of studies
evaluating each outcome, as well as those showing risk or benefit based on participants’
exposure status. This table provides conclusions based on the evidence algorithm
discussed previously, whereby > 50% of the studies must demonstrate an effect. GRADE
evidence profiles were constructed to assess our confidence in each meta-analysis
estimate. Meta-analyses evaluating the impact of pain on illicit opioid use, illicit

substance use, and psychiatric comorbidity were ranked very low, low, and low

159



Ph.D. Thesis — BB. Dennis; McMaster University — Health Research Methodology

respectively. The evidence profiles are summarized in Table S5 in Appendix iii.

6.5.11 Guideline Evaluation

We identified three of the most recently published national guidelines for opioid addiction

using the national guideline clearinghouse provided by www.guideline.gov, and the NICE

11,79-81

database. The guidelines provided minimal information about the effect of pain in

the opioid addiction population.'"””*! While some guidelines provide suggestions to

manage comorbid CNCP with non-opioid interventions'"-"**’

as well refer patients with
severe pain to community specialists,'*” none provide any detail about the risk for
psychiatric comorbidity, continued opioid abuse, poor physical, social, and personal

functioning among patients with opioid addiction and comorbid pain.“’79'81

The summary
information including the detailed suggestions for managing patients with pain reported
by the guidelines is described in Table 6.5.11. Due to the lack of formal recommendations
for the management of patients with pain we were unable to assess each guideline using
the rigor of development and applicability domains from the AGREE II. The rigor
development and applicability domains are used to evaluate how evidence is being
incorporated into guideline development. The available guidelines provide neither a
formal assessment of the literature or identify major issues regarding the association
between pain and treatment response in opioid addiction. The lack of formal
recommendations for the management of pain during addiction treatment renders the

application of tools to assess how evidence is being generated and used to inform

recommendations for the management of pain in opioid addiction patients unjustified.
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6.6. DISCUSSION

Findings from a systematic review of 14 studies including a combined sample of 3128
opioid addiction patients suggests comorbid pain is an important factor affecting the
treatment course for patients on OST. Specifically, patients with CNCP were found to
have higher rates of adverse physical, psychiatric, and personal/social functioning than
patients without pain. However, these results were only demonstrated in studies
evaluating methadone and LAAM.'*'*>7"727 Pain showed no effect on any of the
outcomes evaluated for patients on buprenorphine or combination buprenorphine
naloxone.”’*’*7 Results from this review also suggest the current treatment guidelines
used for OSTs neither discuss the important impact of pain on treatment prognosis nor
provide any formal recommendations for treatment management in this subpopulation.
The guidelines only go so far as to suggest 1) managing with non-opioid medications, 2)
consulting the specialized pain services for treatment, and 3) maintaining open
communication with family physicians managing the patients’ comorbid disorders. These
suggestions are made in the supplementary sections of the guideline with no formal
review process or evidence is cited to support their development. Guidelines may be
restraining themselves from drawing any conclusions about the appropriate management
of patients with comorbid pain because of the inconclusive nature of the evidence.
However, the guidelines provide no discussion to suggest they have evaluated this

. 11,79-81
topic.

Findings from this review suggest the topic of pain among opioid addiction has gained
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limited research exposure. Among the 3527 unique articles screened for inclusion, few
studies (n=14) evaluated the prognostic impact of pain on physical, psychological, and
social outcomes. In addition, the studies evaluating this topic suffered from a high risk of
bias. The considerable methodological quality issues among the 14 included studies are
presented in the individual risk of bias assessments (Tables S1-S3) and the GRADE
evidence profiles (Table S5). The strength of the evidence generated by the three meta-
analyses determining the impact of pain on illicit opioid use, illicit non-opioid substance
use, and the presence of psychiatric comorbidity was downgraded to low, and very low.
Many of the studies (k=5) were unable to demonstrate a dose-response relationship

. . 14-16,74,75
between pain severity and treatment response. i

The evidence was downgraded due
to a serious lack of reporting on important methodological study design features such as

sample size calculations or power estimation, > >>7""*7 plinding the outcome

12-15,55,71,73-75 13-15,55,71,73-75

assessment, as well as the management of missing data.

Among the studies reporting an association between pain and treatment response
outcomes such as illicit substance use behaviour (opioid and non-opioid),'***>” poor

1214155571 3 number of studies base their

physical health, '*'*** and psychiatric comorbidity,
conclusions on relatively imprecise and unadjusted treatment effects. This is concerning
since the majority of evidence stems from small sampled cross-sectional investigations.
The experience of pain can be confounded by many variables including age, presence of
other physical comorbidities, the use of adjunct pain therapeutics (e.g. gabapentin), as

well as the duration on OST. Due to the hyperalgesic effects of some long-acting opioids,

patients on OST may experience higher rates of pain.** Some of the studies included in
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. : : : . . . . 12,13,15,55,71,74
this review neither discuss these issues, nor adjust for important covariates.'>'>'>>>7"1-" In

fact, many studies only adjust for variables they find significant in univariate analysis. At
times this may be an inappropriate method since certain variables, while weak in a
univariate analysis, may hold an important effect due to biological or other relevance to
the outcome such as age or sex. Thus, variables of clinical significance known to impact
treatment response such as age, sex, OST dose (mg/day), and duration on OST should

always be considered in the analyses.

The definition and measurement of pain across studies requires further consideration.
Half of the included studies use the BPI as a measure of pain, stating the BPI is a
validated tool to assess the presence of pain. This is troubling since measurement tools
are only validated in the population the tools was created and tested within®* and to our
knowledge this tool has never validated in an opioid addiction patient population. To
state the psychometric properties such as internal consistency or test-retest reliability of a
tool will be the same in a different population than the those the tool was developed in
would be inaccurate. The properties of a reliable measurement tool rest in its ability to
capture variance between patients, thus it becomes more difficult to distinguish between
individuals of more homogenous populations.®® Tools such as the BPI were originally
generated and validated within a population of cancer and rheumatoid arthritis patients.*
Although since then the BPI has been widely used in other populations with pain, to our
knowledge no proper reliability assessment has been performed in patients with opioid
addiction. Thus, the ability of the BPI to properly capture pain in OST patients remains

questionable and requires formal validation in this population.
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Assessment of the overall findings using Table 6.5.10 emphasizes the lack of conclusive
evidence demonstrating the impact of pain on therapeutic response. For instance, a
number of studies suggest pain has no impact on treatment prognosis for patients on
buprenorphine or combination buprenorphine/naloxone, however a number of outcomes
were not evaluated for this intervention. Among patients on methadone —the intervention
with the largest body of evidence— pain was found to increase the risk for adverse
physical, psychiatric, as well as personal and social functioning. Though there is not
enough evidence in this review to establish whether pain increases patients’ propensity to
abuse opioids and other illicit substances. The meta-analysis assessing the impact of pain
on non-opioid substance use (e.g. cocaine, benzodiazepine) suggests participants with
pain have lower odds of abusing non-opioid substances. However, we will refrain from
making firm conclusion based on this analysis since it relies on the findings from two

12,75

studies,'”"” which represent a fraction of the available evidence assessing this

12,14,55,71,72, 16,55,71,75,77

outcome. ” The case is similar for opioid relapse, among the eight'*'*
studies assess opioid relapse using different definitions and measurements of opioid use
(e.g. number of positive opioid urine screens, time until first opioid relapse), two studies
are included in the meta-analysis, both of which suggest protective effects. Two studies

precluded from the meta-analysis due to measurement variability actually report a risk

.. . .. 16.55
association between the presence of pain and opioid use. ™

Evaluating the differences
between the studies reporting a risk effect and those reporting a protective effect of pain

on opioid use behaviour suggest the conservative definitions of opioid consumption using

a binary categorization of opioid use based on one positive UDS will show a “protective”
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13.16 . . o« .
" For studies evaluating opioid use

association between pain and opioid consumption.
behaviour as a continuous measure such as the mean number of positive opioid urine
screens or the number of days of opioid use over the last month, the presence of pain is
association with a “risk” association between pain and consumption.'®>> Among the same
group of participants, different classifications of opioid use behaviour can results in
differences in the observed effects of pain.'® Similar findings are noted among studies
evaluating illicit non-opioid substance use, where again the evaluation of substance use
behaviour as a continuous outcome such as the number of days of illicit substance use or
the mean percentage of positive UDS suggests pain is a risk factor for increase illicit
substance consumption.”™” Again, the evaluation of illicit substance consumption using a
binary categorization of illicit substance use based on one positive UDS showed a
“protective” association between pain and illicit substance use.’” The fragility of these
findings highlights the importance of an a priori selection for defining and measuring

substance use outcomes (opioid or non-opioid). These results also emphasize the high

susceptibility for selective reporting among studies evaluation pain and opioid addiction.

In absence of establishing the most effective therapy for managing opioid addiction
patients with comorbid CNCP, it may be worthwhile to consider evidence assessing OAT
in the general pain population. Bearing in mind patients can experience hyperalgesic

effects from treatments such as methadone,**

other OATs may deliver a more
therapeutic effects within the pain subpopulation of addiction patients. For instance,

recent evidence suggests patients converting from high-dose full opioid agonists (200—

1,370 mg of morphine equivalents) to buprenorphine therapy for more than 60 days
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exhibit significant improvements in pain severity and quality of life.*”"

It is likely the
unique pharmacologic properties of therapies like buprenorphine (being a partial mu-
agonist) enhance the therapeutic effects of the medication, which may also inflate its
effect in the pain subpopulation. In light of these findings, future efforts should focus on

evaluating the effectiveness of buprenorphine for the chronic pain subpopulation of

opioid addiction patients using a randomized study design.
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6.7 CONCLUSION

Findings from this review suggests CNCP may increase the risk for poor physical,
psychiatric, as well as personal and social functioning for opioid addiction patients on
MMT or LAAM. Important outcomes such as resources utilization (e.g. hospitalization),
intervention acceptance, and personal/social functioning are understudied. Additionally,
we lack evidence on the majority of outcomes for the single formula buprenorphine and
combination buprenorphine/naloxone treatments. We caution the interpretation of
evidence from the meta-analyses since these results preclude a substantial portion of the
evidence and are based on studies suffering from a high risk of bias. Qualitative synthesis
of the findings suggests major methodological differences in the design and measurement
of both pain and treatment response outcomes are likely impacting the observed effect
estimates. Does pain really play an important role in mediating the effects of OST? Are
patients with pain responding differently? Should patients with pain be managed
differently? These questions have yet to be definitively answered. Further research is
needed to confirm the association between pain and OST patient important outcomes
before making any conclusions as to which treatment is superior for the pain
subpopulation. We recommend future studies work to establish a larger sample with a
demonstrated dose-response relationship between pain and treatment response. Current
guideline neither address nor make any formal recommendations for managing patients

with comorbid pain.
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6.9 FIGURES AND TABLES

Figure 6.5.1a Flow Diagram of Study Selection Process

Primary Scarch in Medline, EMBASE, Pubmed,
PsycINFO, Web of Science, Cochrane Library, ProQuest
Dissertations and theses Database, Cochranc
Clinical Trials Registry (CTR). World Health
Organization Intemational CTR Platform Search Portal,
and the National Institutes of Health CTR databases

3540 Unique Articles Retrieved

225 Trals ldentified from Trial W

Registries.

Emailed 25 Authors 3387 Studies Excluded During Title
Screen

153 Studies Included During Abstract Screcning

124 Studies Excluded During
Abstract Screening

Failure to Meet Study Inclusion
Criteria

29 Studies Included tor Full Text Screening

15 Studics Excluded During Full Text
Screening
Studies Did Not Meet Eligibility Criteria
(evaluated pain in non-addiction patients or

patients not on OST)

14 Studies Eligible for Inclusion to Full Review
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Figure 6.5.1b Types of Pain Measures Used Across Studies

Figure 2: Types of Pain Measures Used Across Studies

“BPI

& A Visual Analog Scale
(VAS) or Numerical Rating
Scale (NRS)

“ EQ-5D: a measure of health
status from the EuroQol

& Self-reported Measure
(Survey created for study)

“ The Pain And Opiate
Analgesic Use History

“ Confirmed by clinical
examination and diagnostic
imaging

“ e SF-36V Quality of Life
Index
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Figure 6.5.1c Outcomes Evaluated Across Studies

Resource Utilization

Intervention Adherence

Intervention Acceptance

Psychiatric Symptoms

Personal and Social Functioning

Physical Health

Abstinence and Substance Use Behaviour
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Figure 6.5.3.1 Meta-analysis of Pain and Illicit Opioid Use

Figure 4 - Meta-analysis of Pain and lllicit Opioid Use

Total Number
Author of Events
Mame, Date (Opicid Relapse)
Peles, 2005 a5
Dennis, 2014 180

Overall (l-sguared = 0.0%, p=0.324)

Sample

Size

170

235

MOTE: Weights are from random effects analysis

Ratio (95% Cl)

0.53 (0.25, 1.13)

0.90 (0.43, 1.89)

0.70 (0.41, 1.18)

Weight

100.00

5 1
pain is protective

Odds Ratio

—
<D>
L

T
2

pain is risk factor
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Figure 6.5.3.2 Meta-analysis of Pain and Illicit Substance Use

Figure 5 - Meta-analysis of Pain and lllicit Substance Use

Author

Name, Date

Rosenblum, 2003

Dunn, 2014

Overall (l-squared =

Total Number of

Events (lllicit

Substance Use)

234

102

0.0%, p = 0.504)

Sample

Size

390

247

Odds

Ratio (95% Cl)

0.62 (0.41, 0.94)

0.49 (0.29, 0.84)

0.57 (0.41, 0.79)

%

Weight

59.27

40.73

100.00

pain is protective

Odds Ratio

1

T
2

pain is risk factor

174



Ph.D. Thesis — BB. Dennis; McMaster University — Health Research Methodology

Figure 6.5.9: Meta-analysis of Pain and Psychiatric Comorbidity

Figure 6 - Meta-analysis of Pain and Psychiatric Comorbidity

Total Number of

Events (Presence of Sample Odds %
Author Name, Date Psychiatric Condition) Size Ratio (95% Cl) Weight
i
Jaimison, 2000 151 248 —_— 1.96 (1.16, 3.30) 33.61
i
Rosenblum, 2003 112 290 ——— 2381 (1.77, 4.47) 35.16
i
Dennis (unpublished), 2014 122 250 T 1.63(0.92,2.89) 31.23
Overall (I-squared = 14.0%, p = 0.313) <> 216 (1.60,2.90)  100.00
'
'
T T
5 1 2
pain is protective pain is risk factor
Odds Ratio
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Figure 6.5.1 Description of Study Design Characteristics

Author Year of Number of | Study Design | Intervention(s) How was chronic How was chronic pain defined
Last Name | Publication | Participant Evaluated pain measured?
s
Peles 2005 170 Cross- High-dose Methadone BPI Current pain that lasted for at least 6 months
sectional (>60 mg/day)
Dhingra 2012 489 Cross- High-dose Methadone BPI “Clinically significant pain” was defined by an
sectional (>60 mg/day) average pain intensity during the past week of >5
or an average pain interference score during the
past week of >5.
Barry 2009 150 Cross- High-dose Methadone BPI Respondents’ answers to BPI items were used to
sectional (>60 mg/day) classify them into one of three pain groups: a)
“chronic severe pain” (i.e., pain lasting at least 6
months with moderate to severe pain intensity or
significant pain interference, respondents who had
pain lasting at least 6 months and who scored 5 or
higher on the item pertaining to the worst pain
intensity in the last 7 days or on any of the items
relating to pain interference in the last 7 days were
considered to exhibit chronic severe pain ; b)
“some pain” (i.e., pain reported in past week but
not CSP); and ¢) “no pain” (i.e., no pain reported in
the past week and no CSP).
Bounes 2013 151 Cohort Study | Low-dose Methadone A Visual Analog Scale | Acute pain scores rated from 0 to 10 were obtained
(Prospective (<60 mg/day), Low-dose (VAS) or Numerical indiscriminately from one or the other
or Buprenorphine Rating Scale (NRS) measurement tool. Acute pain exposure was
Retrospective) | (<16mg/day) were used to assess defined as a pain score greater than 0 at the time of
and quantify the admission on any of the rating scales.
intensity of acute pain
at the time of
admission, after pain
management, and just
before hospital
discharge.
Chakrabarti | 2010 69 Cross- High-dose Suboxone® EQ-5D: a measure of Degree of pain 1 week before induction, measured
sectional (buprenorphine > 16 health status from the as pain or discomfort experienced “today” and

mg/day + naloxone)

EuroQol

coded as 0 = no pain, 1 = some pain, or 2 =
extreme pain
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mg/day + naloxone) EuroQol coded as 0 = no pain, 1 = some pain, or 2 =
extreme pain

Dennis 2014 235 Cross- High-dose Methadone Self-report Participants were categorized as having chronic
sectional (>60 mg/day) and/or comorbid pain if they indicated they were

currently experiencing or have been diagnosed with
chronic pain

Dreifuss 2013 360 Cross- High-dose Suboxone® The Pain And Opiate Not described
sectional (buprenorphine > 16 Analgesic Use History

mg/day + naloxone)

Dunn 2014 227 Cross- High-dose Methadone BPI Chronic pain was defined as endorsing question 1
sectional (>60 mg/day) of the BPI, which asked, “Have you had pain other

than everyday kinds of pain today?”

Fox 2012 82 Cohort Study | High-dose Buprenorphine | BPI The Brief Pain Inventory (BPI) asked: “Please rate
(Prospective (>16 mg/day), Low-dose your pain during the last week by selecting the one
or Buprenorphine number that best describes your pain on the
Retrospective) | (<16mg/day) average.” Participants were given a visual analog

scale from 0 to 10, with 0 labeled as “no pain” and
10 as “pain as bad as you can imagine.” Similar to
prior studies, participants reporting pain scores of >
5 at the initial interview were considered to have
“baseline pain”; those reporting pain scores of > 5
at all follow-up visits were considered to have
“persistent pain”

Jaimison 2000 248 Cross- High-dose Methadone Self-reported Measure | Not described
sectional (>60 mg/day), Low-dose (Survey created for

Methadone (<60 mg/day) study)

Neumann 2013 54 Randomized Low-dose Methadone Confirmed by clinical The diagnosis of a chronic pain condition
Controlled (<60 mg/day), Low-dose examination and originating from the spine or large joints was
Trial Suboxone® diagnostic imaging confirmed by clinical examination and the use of

(buprenorphine < 16 diagnostic imaging (e.g., radiographs, computed
mg/day + naloxone) tomography scan, magnetic resonance imaging)

Potter 2015 252 Cohort Study | Low-dose Suboxone® BPI Not described
(Prospective (buprenorphine < 16
or mg/day + naloxone)

Retrospective)

Rosenblum | 2003 390 Cross- High-dose Methadone BPI To operationally define a subpopulation of patients

sectional (=60 mg/day) with chronic pain that was relatively likely to be

clinically significant, an index of “chronic severe
pain” was defined as a score of 5 or higher on the
BPI item “worst pain in the past week” or of 5 or
higher on the BPI pain interference scale, and pain
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duration for at least 6 months.

Trafton

2004

251

Cross-
sectional

High-dose Methadone
(260 mg/day), Low-dose
Methadone (<60 mg/day),
High-dose
Levoacetylmethadol
(LAAM) (= 85 mg/day),
Low Dose Levomethadyl
Acetate Hydrochloride
(LAAM) (<85 mg/day)

SF-36V Quality of Life
Index

Reported pain levels were taken from answers to
the SF-36V question “How much body pain have
you experienced in the last 4 weeks?” Patients
answered either “none” (n = 45), “very mild” (n =
28), “mild” (n = 48), “moderate” (n = 60), “severe”
(n=56) or “very severe” (n = 13). For analyses
patients were split into those reporting none to mild
pain (no-pain group, n = 121) and those reporting
moderate to very severe pain (pain group, n = 129).
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Table 6.5.3.1 Summary of Findings for Illicit Opioid Use Outcomes

Author Last Was illicit Was illicit How was How was illicit ‘What were the ‘What statistical Proportion of Study Findings:
Name opioid opioid use illicit opioid | opioid use defined findings for each analysis was used? Opioid Use Did patients
abuse an behaviour abuse in this study? measurement Outcomes Showing | characterized
outcome of | the measured (reported per Pain to Impact as having pain
this study? primary in this chronic pain illicit Opioid Use also have
outcome of | study? status) Behaviour significantly
the study? higher rates of
illicit opioid
use?
Peles Yes No Urine Participants were Chronic Pain 15 chi-square 0 No
toxicology categorized as using | (16%) positive,
screening opioids if >1 urine Non-chronic pain 20
test in the month (26.3%)
preceding the survey
was positive.
Dhingra Yes No Urine A positive urine In univariate t-test, chi-square 0 No
toxicology toxicology screen or | analyses, neither
screening, indication by self- UDS nor self-
Self-report report as assessed by | reported drug use
the ASI past 30 day on the ASI was
drug use history. statistically
associated with
clinically significant
pain. (report p-
values)
Barry Yes No Self-report Participants reported | The pain groups ANOVA 0 No
any use in the past reported comparable
week, this was then levels of
analyzed as a binary | psychoactive
variable. substance use,
illegal drug use and
non-medical use of
prescription drug in
the past week. No
specific percentages
are reported per
group.
Chakrabarti Yes No Urine Participants showing | Opioid-positive chi-square 0 No
toxicology a single positive urine (%) reported
screening opioid urine screen by Degree of pain

were found to be a

Week 4 Week 8
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positive for illicit
opioid use
behaviour,
confirmed by
urinalysis.

Week 12

Extreme Pain
Patients: 22.2%
(2/9) 12.5% (1/8)
37.5% (3/8)

Some Pain Patients:
31.3% (10/32)
26.7% (8/30) 37.9%

(11/29)

No Pain: 21.4%
(3/14) 20% (2/10)
66.7% (6/9)

Dennis Yes Yes Urine Continued opioid Mean Percentage of | Univariate analysis 1/1 Yes
toxicology abuse (COA) was Positive Opioid using only COA
screening determined by Urine Screens outcome as the

calculating the Among Pain predictor of
percentage of Patients:23.99 (SD comorbid pain in a
positive opioid urine | 27.14) logistic regression
screens provided by model.
participants (number | Mean Percentage of

of positive opioid Positive Opioid

urine screens/total Urine Screens

number of opioid Among Non-Pain

urine screens). High | Patients: 15.82 (SD

COA percentage is 20.11)

indicative of a high

number of positive

opioid urine screens

or, alternatively, a

higher rate of illicit

opioid consumption.

Dreifuss Yes Yes Urine The Substance Use Successful with chi-square 0 No
toxicology Report, corroborated | chronic pain: 79
screening, by weekly urine (44.6%)

Self-report, drug screens, was Failure with Chronic
Addiction administered weekly | Pain: 70 (38.3%)

severity tool
score

during treatment and
every two weeks
during follow-up,
and was used as the
primary measure to
determine
“successful
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outcome.”

Dunn Yes Yes Urine The mean percent of | Chronic Pain: 9, No Independent group t- No
toxicology urine samples Chronic Pain: 11 tests were used to
screening provided by each compare continuous

participant that variables
tested positive for

opioids, cocaine, or

benzodiazepines

were evaluated.

Fox Yes No Self-report Self-reported opioid | Not reported per Determined whether 0
use was obtained pain status. pain was associated
from the substance However, they with use of any
use survey report that any opioids during the 6-
administered at opioid use decreased | month follow-up
baseline and follow- | from 89% at period using non-
up, which inquired baseline to 40% at 1 linear mixed effects
as to substance use month, 33% at 3 (NLME) models
in the 30 days prior months, and 26% at with self-reported
to baseline (heroin, 6 months. Similar use of any opioids as
methadone, opioid patterns were the dependent
analgesics, cocaine, observed in those variable. The NLME
alcohol, sedatives, with and without approach accounts
hypnotics, or baseline or for non-
tranquilizers) and persistent pain, and independence of
follow-ups. These showed no repeated measures
questions were significant of opioid use within
adapted from the association between individuals.

ASL any opioid use and
baseline pain
(AOR=1.06, 95%
CL: 0.27-4.17,p=
0.93) or persistent
pain (AOR=1.20,
95% CI: 0.31-4.63,
p=0.79), after
adjusting for HIV
status, depressive
symptoms, history
of IDU, history of
incarceration,
baseline opioid use,
and time since
initiating
buprenorphine
treatment.

Neumann Yes No Urine Report the number Methadone: 2 Fishers exact test No
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toxicology of patients (%) who (15.4%),
screening have an opioid Buprenorphine: 5
positive urine screen | (38.5%) p>0.05
at 24 week follow-
up Odds Ratio: 0.280
95% CI: 0.042—
1.878, p=0.371
Potter Yes No Urine Not described well Not reported by pain | n/a n/a n/a
toxicology or reported by pain status
screening, status.
Addiction
severity tool
score
Rosenblum Yes No Self-report A checklist was used | Drugs used in past 3 | Mantel-Haenszel 0 No
to record drugs, months (%) P=0.05 was used for ordinal
including alcohol, variables with 3 or
that were used None (reference for more categories
during the patient’s MMTP): CP 156
last week of active (42.9%) OR:1.00
use. 1:CP:123 (27.6%)
OR: 0.51 95%CI
(0.31-0.84)
2: CP: 62 (38.7%)
OR: 0.84 (0.46-1.53)
>3: CP 49 (36.7%)
0.77 (0.40-1.50)
Trafton Yes Yes Addiction Number of days of Opiates GP:1.6 The Kruskal-Wallis | 2/3 Yes

severity tool
score

opioid use over last
30, as well as self-
reported number of
days of opioid use
over lifetime.

days, 1.9 years; NP:
0.8 days, 0.9 years,
P: 2.3 days, 2.9
years 0.03/0.005

test was used to
determine if
variables
significantly differed
across pain severity
ratings, followed by
multiple t-tests to
determine which
levels of reported
pain differed from
the group reporting
“none”.
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Table 6.5.8 Summary of Findings for Physical Health Outcome(s)

Author Last Intervention(s) Physical Health Outcome Measurement of Physical Health Findings

Name Evaluated Qutcome(s)

Peles High-dose The study evaluated the clinical All chronic illnesses were diagnosed Participants with chronic pain were
Methadone (=60 characteristics of patients reporting by internal medicine physician and more often diagnosed with physical
mg/day) pain. included 12 categories: Heart [Angina | comorbidities relating to muscle

with/without movement, digestive, urinary as well as
MI]; Endocrinology, metabolic; problems with eyes and ear function.
Cancer; Asthma; Neurology; Digestive

system; Muscles/movement; Eyes,

ears; Urine system; Coagulation;

Gynecological; and Immune system.

Patients reporting one or more of the

aforementioned illnesses were defined

as chronically ill.

Dhingra High-dose The primary outcome of this study was | The study measured physical health Clinically significant pain was
Methadone (=60 clinically significant pain, used as the using self-report for physical associated with higher number of
mg/day) dependent variable in a multi-variable comorbidities and the patients HRQL comorbid, medical conditions (p <

logistic regression model. The study scores 0.001) and poorer physical HRQL
evaluated the physical health symptoms scores (p < 0.001).
associated with chronic pain.

Dennis High-dose The study evaluated the clinical and Infectious disease status was measured | Infectious disease status
Methadone (=60 biological characteristics of MMT using self-report, while inflammatory (HIV/Hepatitis) was not associated
mg/day) patients reporting pain. Using a markers were measured using The with the presence of chronic pain. Of

univariate analysis to guide the variable | iMDx™ Prep assays all inflammatory markers tested, IFN-
selection, the authors built a Gamma was shown to be significantly
multivariable logistic regression model elevated in participants reporting pain
using comorbid pain as the dependent (OR]: 2.02; 95% confidence interval
variable. Physical health predictors [CI]:
included in the model were: 1.17,3.50; P=0.01)
Inflammatory markers (IL-6, IL-8, IL-
Ira, TNF-alpha, IL-10, IL-1B, and
CCL2), and the participants infectious
disease status (presence of HIV or
hepatitis).

Jaimison High-dose Evaluated physical health differences in | Self-report Found significant differences in the

Methadone (>60

patients reporting pain.

major health problems reported
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mg/day), Low-
dose Methadone
(<60 mg/day)

between patients with main (34.9%)
and without pain (9.4%), p<0.001.
Also found major differences between
the participants rating their health care
as adequate, whereby 75.5% of patients
with pain rate their health care as
adequate and 94.8% of patients without
pain rate their health care as adequate
(p<0.001). Among patients with pain,
36.7% report asthma, 20.4% report
angina/chest pain, 11.1% report
bleeding problems, 6.6% report a past
heart attack, 28.9% report some other
unlisted condition, in comparison to the
patients without pain who report
16.7%, 7.4%, 3.1%, 1.0%, and 9.4%
respectively (all comparisons p<0.05).

Neumann

Low-dose
Methadone (<60
mg/day), Low-
dose Suboxone®
(buprenorphine <
16 mg/day +
naloxone)

Evaluated physical health using
reported side effects and percent-change
in pain from baseline

Self-report

The number of patients reporting side
effects did not vary significantly
between patients on methadone (n=9)
and buprenorphine (n=8); (OR:1.125
95%CI1:0.209-6.04, P=1.000). The
percent change of pain from baseline
also did not significantly differ
between patients on methadone
(mean percent change; SD, 88.6; 24.5),
and buprenorphine 87.4; 33.4),
p=0.918. The percent change of
functioning from baseline also did not
vary significantly between methadone
(113.8; 62.5 SD) and buprenorphine
groups (121.9; 63.9), p=0.787.

Rosenblum

High-dose
Methadone (>60
mg/day)

The study evaluated the prevalence of
comorbid chronic illnesses by pain
status, as well as the reported drug
cravings.

Self-report

Bivariate analyses were used to
compare the prevalence of pain,
whereby there was a significant
association between reporting chronic
illness among patients with chronic
severe pain. Among patients with
chronic severe pain, 122 (20.5%)
report having no concurrent illness
(OR: 1.00), whereby 263 (43.7%)
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reporting having a chronic illness (OR
3.02; 95%CI 1.82,4.98). Additionally,
there was a higher number of
participants (N=123, 43.1%) with
chronic severe pain reporting high-
levels of drug cravings (OR: 1.67;
95%CI1 0.99, 2.83).

Trafton High-dose The study evaluated 1) the number of Self-report according to SF-36V The study found significant differences
Methadone (=60 days of medical problems in the last 30 across each different physical health
mg/day), Low- days, 2) physical functioning as outcome evaluated. They report the
dose Methadone assessed according to SF-36V, and 3) presence of pain to be associated with
(<60 mg/day), general health. an increase in the number of days of
High-dose reported medical problems (Pain:22.1,
Levoacetylmethad No Pain 7.5, p=0.001), the % of
ol (LAAM) (= 85 patients with good physical functioning
mg/day), Low (Pain 55%, No Pain:89%, p<0.001),
Dose and the % with good general physical
Levomethadyl health (pain: 50%, no pain: 70%,
Acetate p<0.001).

Hydrochloride
(LAAM) (<85
mg/day)

Fox High-dose The study evaluated baseline Self-report Patients with pain reported higher rates
Buprenorphine differences between patients with and of HIV
(>16 mg/day), without pain starting an office-based
Low-dose buprenorphine treatment program
Buprenorphine
(<16mg/day)
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Table 6.5.10 Summary of Findings Across Opioid Substitution and Antagonist Therapies

Intervention Outcome Number of | Number of Number of Final Analysis
Studies Studies Studies
Evaluating | Reporting a | Reporting a
Outcome Risk Protective
Association Association
with Pain with Pain
Methadone Abstinence and QIHIHIOITLITT | D163 0 Not Enough Evidence to
Illicit Substance Suggest Chronic Pain
Use: Opioids Effects Treatment
Abstinence and 614377275 257 277 Not Enough Evidence to
Illicit Substance Suggest Chronic Pain
Use: Non-opioids Effects Treatment
Physical Health 7o Sra1ess 0 Pain increases risk for poor
physical functioning
Psychiatric Health | 5%'+13%7 Siat1sss 0 Pain increases risk for poor
psychiatric functioning
Personal and 2133 2133 0 Pain increases risk for poor
Social Functioning personal and social
functioning outcomes
Intervention 3 1" 0 No Effect
Adherence
Intervention 3 17 0 No Effect
Acceptance
Resource 17 1% 0 Pain increases resource
Utilization utilization among patients
on MMT
Buprenorphine/N | Abstinence and 473T4TITS 0 0 No Effect
aloxone Illicit Substance
Use: Opioids
Abstinence and 17 0 0 No Effect
Illicit Substance
Use: Non-opioids
Physical Health 17 0 0 No Effect
Psychiatric Health | 0 0 0 Not Evaluated
Personal and 0 0 0 Not Evaluated
Social Functioning
Intervention 2778 0 0 No Effect
Adherence
Intervention 1”7 0 0 No Effect
Acceptance
Resource 0 0 0 Not Evaluated
Utilization
LAAM Abstinence and 1% 1% 0 Pain increases risk for
Illicit Substance opioid abuse among
Use: Opioids patients on LAAM
Abstinence and 1% 0 0 No Effect

Illicit Substance
Use: Non-opioids
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Use: Non-opioids

Physical Health 0 0 0 Not Evaluated

Psychiatric Health | 1% 1% 0 Pain increases risk for poor
psychiatric functioning

Personal and 1% 1% 0 Pain increases risk for poor

Social Functioning personal and social
functioning outcomes

Intervention 0 0 0 Not Evaluated

Adherence

Intervention 1% 1% 0 Pain increases risk for poor

Acceptance personal and social
functioning outcomes

Resource 1% 1% 0 Pain increases resource

Utilization utilization among patients
on LAAM

Buprenorphine Abstinence and 2776 0 0 Pain has no effect on

Illicit Substance opioid use behaviour

Use: Opioids

Abstinence and 17 n/a n/a n/a

Illicit Substance

Use: Non-opioids

Physical Health 17 0 0 Not Enough Evidence to
Suggest Chronic Pain
Impacts Treatment
(Evaluated baseline
physical health)

Psychiatric Health | 17 0 0 Not Evaluated (Evaluated
baseline psychiatric health)

Personal and 0 0 0 Not Evaluated

Social Functioning

Intervention 2776 0 0 No Effect

Adherence

Intervention 17 0 0 No Effect

Acceptance

Resource 0 0 0 Not Evaluated

Utilization
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Table 6.5.11 Translation of Evidence in the Opioid Maintenance Treatment Guidelines

Title of Intervention | Does the Suggestions Are these Evidence Are any Discussion of
Guideline Assessed guideline suggestions cited recommendations the risk factors
provide based on made for managing associated with
suggestions for evidence? pain in the opioid pain for this
managing maintenance OST
patients with treatment setting?
comorbid pain?
Clinical Practice | Methadone, Yes Evaluate opioid dependent patients for severe No / No graded No
Guideline for Buprenorphi acute or chronic physical pain that may recommendations
Management of neNaltrexone require appropriate short-acting opioid agonist made
Substance Use medication in addition to the medication
Disorders needed to prevent opioid withdrawal
(SUD)” symptoms
Buprenorphine/ Buprenorphi | Yes When managing patients with comorbid No / No graded No
Naloxone ne/Naloxone chronic non-cancer pain, (1) do not treat them recommendations
Treatment for with chronic opioid analgesic therapy for pain, made
Opioid non-opioid alternatives should be aggressively
Dependence optimized, (2) referral to a reputable
Clinical Practice multidisciplinary chronic pain clinic regarding
Guidelines® pharmacologic and non-pharmacologic non-
opioid alternatives is recommended for
patients with pain, and (3) if the decision to
initiate opioid analgesics has been made, the
patient should be monitored by or advice
should be sought from a physician
experienced in addiction medicine.
Methadone Methadone Yes Suggest the management of mild to moderate No / No graded No
Maintenance Maintenance pain in conditions such as fibromyalgia, low recommendations
Treatment Treatment back pain with non-opioid treatments. For made
Program patients with severe chronic pain (nociceptive
Standards and or neuropathic pain condition that usually
Clinical requires opioid therapy) they suggest 1) non
Guidelines'" opioid treatments, 2) split methadone dose, 3)
codeine or tramadol, and lastly 4) morphine.
Suggest strong communication with
community physicians managing patients
pain, as well as informing non-methadone
physicians to also perform routine urine drug
screens.
Methadone and Methadone No No suggestions made / / No graded No
Buprenorphine and recommendations
for the Buprenorphi made
Management of ne

Opioid
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81
Dependence

/ Indicates this information is not applicable
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7.1 ABSTRACT

Context: Without treatment opioid addiction can incur a substantial increase in mortality
and risk for serious comorbidities such as HIV and hepatitis. Opioid substitution and
antagonist therapies (OSATs) are front-line treatments for opioid addiction. The
emergence of multiple OSTs renders traditional meta-analysis of direct evidence from
randomized trials inadequate to provide hierarchical estimates of the best available

treatment.

Objective: Utilizing systematic review methods, we provide the first multiple treatments
comparison and network meta-analysis to combine evidence from all trials examining

OSAT with the aim of distinguishing the most effective treatments for opioid addiction.

Data Sources: We searched Medline, EMBASE, PubMed, PsycINFO, Web of Science,
Cochrane Library, Cochrane Clinical Trials Registry, World Health Organization (WHO)
International Clinical Trials Registry Platform Search Portal, and the National Institutes

for Health (NIH) Clinical Trials Registry from inception to January 1, 2014.

Study Selection: We included randomized controlled trials assessing the effectiveness

OSAT for patients with opioid addiction.

Data Extraction and Synthesis: We examined differences in patients’ response to

intervention and combined all direct and indirect evidence using network meta-analysis.
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We also provide a qualitative summary of the outcomes measured and defined too

variably to be pooled using traditional meta-analysis.

Main Outcome Measure(s): The primary outcome was treatment retention. Secondary
end-points included illicit substance use behavior, physical and psychiatric health,

personal and social functioning, as well as medication adherence and acceptance.

Results: We identified 60 trials eligible for inclusion and among those, 28 trials testing
16 interventions in a total of 3342 participants were included in the network meta-
analysis assessing treatment retention. In comparison to all other OSATs, heroin
consistently ranked highest for increasing the odds of remaining in treatment when
compared to high-dose buprenorphine (OR: 6.01; 95% CI: 1.18, 29.79), high-dose IV
heroin + methadone (8.16; 1-:27, 49.96), high-dose methadone (3.53; 1.28, 10.13), high-
dose naltrexone (22.33; 1.80, 325.57), low-dose buprenorphine (5.11; 1.22, 21.93), low-
dose methadone (4.22; 1.24, 15.04), low-dose naltrexone implant (37.21; 5.62, 267.46),
low-dose oral naltrexone (27.06; 2.44, 321.99), low-dose Suboxone®(l2.3 8;1.73, 93.60)
and placebo (38.55; 6.40, 250.21). High-dose methadone significantly increased treatment
retention when compared to low-dose naltrexone (10.54; 2.06, 57.67) and placebo (10.92;
2.36, 52.48). Heroin showed significant benefit when directly compared against
methadone for reducing illicit substance use and addiction severity, as well as improving
personal/social functioning and general physical health outcomes. Higher doses of
medication, even when compared within the same intervention showed benefit across
most outcome domains (e.g. substance use, personal/social function), however the

majority of direct comparisons showed no difference against methadone.
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Conclusion and Relevance: Among patients treated with OSATs, those randomized to
heroin-assisted treatment heroin or high-dose methadone were most likely to remain in
therapy. There was insufficient evidence to confidently rank the remaining treatments,
although heroin and high-dose methadone were the only treatments significantly more
effective than placebo. Findings also suggest heroin and higher doses of opioid treatments
are most effective for improving other outcome domains including abstinence and illicit
substance use, physical health, and personal and social functioning. The evidence base

suffers from high risk of imprecision and bias in favour of heroin.
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7.2 INTRODUCTION

Opioid addiction is characterized as a problematic pattern of opioid use leading to
impaired social and physical functioning.' The risk for serious comorbidities such as
HIV,? hepatitis,” and infective endocarditis®* is high among patients with opioid addiction.
A large cohort study found a 50-fold increase in death for opioid dependent patients.’
Within the United States (U.S) alone the costs of opioid addiction are estimated at 55.7
billion US dollars and comprise the financial loss related to employment opportunity,
health care, and crime.® The trends in opioid use have steadily increased between 2001
and 2011, where one report shows a 13% increase in the prevalence of opioid addiction,
138% increase in opioid related substance use admissions, 47% increase in excess cost
per patient (adjusted for inflation), and 48% increase in the cost of treatment.’ In the
absence of an effective treatment strategy, the costs and harms associated with opioid
addiction are expected to rise.

Opioid substitution and antagonist therapies (OSATSs) are the current front-line treatments
for patients with opioid addiction. Opioid substitution therapies (OSTs) aim to reduce the
harms associated with illicit drug use under the supervision of medically trained addiction
specialists. Physicians prescribe longer acting opioids to reduce cravings and prevent
withdrawal symptoms associated with detoxification.” To date, methadone is the most
commonly used OST *° and is shown to be effective for reducing opioid craving and HIV
risk behaviours such as IV needle sharing.'® Other treatments include Suboxone,” a

sublingually administered tablet that comprises a 4:1 combination of buprenorphine and
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naloxone. Suboxone®’s target effects are less potent than full opioid agonists such as
methadone, promoting less physical dependence.'’ While not under the umbrella of
traditional OSTs, naltrexone and naloxone are competitive opioid receptor antagonists
that act on the opioid receptors of the brain to inhibit the euphoric effects of opioids.'>"
Opioid antagonist therapies (OATs) are increasingly employed as treatments for opioid
dependence. More controversial treatments such as heroin have also been elected for
inclusion in the cadre of OSTs. Recent trials in the UK, Netherlands, and Canada sought
to determine the effectiveness of diacetylmorphine or better-known heroin assisted
treatment (HAT), which involves the administration of injectable diacetylmorphine to
patients with severe opioid addiction (e.g. with previous methadone treatment failure).'*"
The rising number of OSATs raises the question as to which intervention is most effective
for managing opioid addiction. Given the complex nature of opioid addiction treatment
there is no “gold standard” measure of treatment effectiveness and therefore many trials
evaluate the effect of therapy on multiple outcomes. Important outcomes considered when
evaluating addiction treatment prognosis include attrition rates, illicit substance use
behavior, presence of medical and psychiatric comorbidity, and social function as
measured by current housing arrangements, collective neighborhood income, educational
achievement, employment, and involvement in criminal activity.'® Several investigations
have sought to determine the best intervention for improving the above-mentioned
outcomes,'"* however, most studies compare new therapies directly to methadone.

Therapies such as Suboxone,” naltrexone, and HAT have yet to be evaluated against each

other. This lack of head-to-head comparisons limited previous meta-analyses from
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providing hierarchal estimates for the multiple outcomes evaluated in the literature,
highlighting the need for a multiple treatment comparison of pharmacological

interventions for opioid addiction.

20-23

We aimed to assess how different opioid substitution and antagonist therapies compare in

their effectiveness as evaluated across multiple outcomes such as treatment retention,
illicit substance-use behaviour, as well as physical and psychiatric symptoms. Our
secondary objectives were to 1) provide a qualitative summary of the definitions and
measurements for effectiveness outcomes reported in the literature, 2) highlight the
interventions showing benefit across direct comparisons with an evaluation of the
outcomes used for these comparisons, and 3) summarize the interventions showing no

benefit with an assessment of the outcomes used for these comparisons.
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7.3 METHODS

We provide here a brief summary of our study methods; greater detail can be found in the
published protocol.** We performed a systematic review to identify all OSAT trials. We
performed a network meta-analysis to combine the available evidence, disseminating both
direct and indirect comparisons of all therapies (methadone, buprenorphine/naloxone,
naltrexone, and heroin assisted treatment) evaluating treatment retention. Using a network
meta-analysis, we provide here the first statistical summary and ranking of opioid
substitution and antagonist therapies for treatment retention. Our original intention was to
use network meta-analysis to provide summary statistics for all patient-important
outcomes evaluated in the literature, however the large variability in measurement across
other outcomes (e.g. substance use behaviour, psychiatric health, physical comorbidities,
quality of life) required the use qualitative methods to summarize direct and indirect
comparisons. This study was registered in the PROSPERO database (CRD42013006507)

and adheres to the PRISMA guidelines.”

7.3.1 Systematic Review Design

We searched the Medline, EMBASE, PubMed, PsycINFO, Web of Science, Cochrane
Library, Cochrane Clinical Trials Registry, World Health Organization (WHO)
International Clinical Trials Registry Platform Search Portal, and National Institutes for
Health (NIH) Clinical Trials Registry in duplicate using the electronic search strategy

described elsewhere.”* We searched the reference lists of completed Cochrane reviews
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and included studies examining the effect of different OSTs. We also contacted all
primary investigators listed on the NIH Clinical Trial Registry from eligible studies
identified during the title screening to inform them of this review and inquire for
information regarding any publications resulting from their trials. This review placed no
constraints on language or date of publication. Animal studies and incomplete studies
(pilot, preliminary reports) were excluded. Studies without comparison groups were also
excluded (i.e. case-report or case-series). Methodological quality assessment was
conducted using the Cochrane Risk of Bias Tool for RCTs.**

The primary outcome of the network meta-analysis is treatment retention, a binary
outcome measuring patients’ continued use of intervention and attendance of clinically
mandated visits through out the trial follow-up. Patient’s achieving successful retention
will be considered to have had an “event,” whereby successful retention is defined as
remaining in treatment, retrieving allocated medication, and attending scheduled appoints
for the duration of trial follow-up. Treatment retention is fundamental to the provision of
the intervention and the many adjunct therapies such as counseling, pain management,
and cognitive behavioral therapy that are reported to substantially increase treatment
effectiveness. Reducing treatment attrition in OSAT is critical for improving patient

. 26,2
important outcomes,™” 7

with great importance placed on the first year attrition. Less
than 15% of patients treated with methadone for example end their treatment as planned,
suggesting a majority of patients drop out of treatment prematurely, leaving patients

vulnerable to the risks associated with HIV, relapse of OUD, and death.”®*?*’ Our

secondary endpoints include: substance use behavior, physical and psychiatric health,
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personal and social functioning, as well as medication adherence and acceptance. Data
extraction forms were constructed and pilot tested for use in this review. We abstracted
the sample size, mean age, eligibility criteria, intervention description, dose, approaches
to missing data, outcome definition, outcome measurement, covariates included in
regression models if adjusted analyses were performed, and the statistical association
reported (e.g. Odds Ratio[OR], Relative Risk [RR]).

7.3.2 Statistical and Descriptive Analysis

The results are summarized narratively and statistically using network meta-analysis. The
detailed description of our statistical methods is published in the review protocol.”* Many
OSATSs are not directly compared head-to-head in a trial. The use of indirect treatment
comparison methods such as network meta-analysis allows us to remedy such issues by
combining all the available evidence, disseminating both direct and indirect comparisons.
The relative treatment effects for all possible comparisons are presented in table format to
determine if there are differences in effectiveness across interventions. We organized
interventions in a comparison network and the comparisons are summarized in a network
plot.

7.3.3 Network Meta-analysis Methodology

To be included in the network meta-analysis direct comparisons (e.g. methadone vs.
buprenorphine) required a minimum of two studies assessing the comparison. Indirect
comparisons within the network meta-analysis are already sensitive to the evidence
informing each network, thus we elected to set forward strict criteria for inclusion into the

quantitative summary. To prevent the breach of randomization we included all
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intervention arms, even those that did not meet the minimum criteria requiring a
minimum of two studies evaluating this comparison.

We fit a consistency model with generalized linear model framework* with binomial
likelihood and logit link function, using a Bayesian estimation framework. Anticipating
the presence of relative treatment effect heterogeneity among studies, we adopted a
random effects model assumption with a common (single) heterogeneity parameter.
Default non-informative prior distributions were adopted for all parameters in the model.
Statistical inference using the Bayesian approach relies on a computer-intensive Markov
chain Monte Carlo (MCMC) simulation strategy to generate posterior samples to form
the posterior distributions and get estimates. For the MCMC simulation, after specifying
an adaption phase of 20000 samples, we allowed a burn-in of 100000 samples before
generating another 100000 samples; after using a thinning interval of 10, we therefore
used 10000 samples for inference. We verified that the posterior samples converged by
using four chains and the Gelman-Rubin-Brooks plot and diagnostic test.***" We
calculated mean residual deviance and the deviance information criterion goodness of fit
statistics to assess model fit. Finally, we performed an assessment of heterogeneity
throughout the network, where applicable, using pairwise I-squared statistics and an
assessment of the assumption of consistency throughout the network, where applicable,
using node-splitting.”' We assessed the model goodness-of-fit using the mean residual
deviance and DIC statistics.

Using the posterior samples generated from the Bayesian estimation process, we can

obtain rank probabilities for the treatments. Our results present probability statements of
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treatment effects, allowing us to disseminate as an estimated probability, the highest
ranking treatment for increasing retention.’” These probabilities are displayed in both
table and graphical formats. The graphical approach includes a surface under the
cumulative ranking (SUCRA) line for each treatments probability rank.*

We used R version 3.1.1 (2014-07-10), with R package gemtc version 0.6 to specify the
model and interface with the Just Another Gibbs Sampler (JAGS) MCMC sampling
software to run the network meta-analysis model.”

7.3.4 Qualitative Summary

Large variability in definition and measurement prevented the use of network meta-
analysis for the majority of outcomes, compelling us to qualitatively summarize
secondary endpoint results of all direct comparisons. We organized outcomes into broader
categories according to the domains proposed by commonly used measurement scales
evaluating addiction severity (i.e., the Addiction Severity Index [ASI]** and Maudsley
Addiction Profile [MAP]).*® These tools evaluate treatment response using the broader
domains of substance use behavior, physical and mental health, and social

L3435
functioning.™

Both tools are practical and provide a global assessment of patients’
physical and social functioning. Our outcome domains included physical health,
psychiatric health and symptoms, abstinence and substance use behavior, and personal
and social functioning. Some studies used additional outcomes that did not conform to
these domains; thus, we included global quality of life and addiction severity assessments

(including global addiction severity measure scores), intervention adherence, acceptance

of intervention, and resource utilization (e.g. hospital admission) as additional domains.
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While craving can be categorized by both psychiatric and physical symptoms **’, the
physical effects of craving (e.g. insomnia, restlessness, tremors/shakes) are implicated in
poor treatment prognosis for patients with substance use disorders.>” Thus, we elected to
include craving in the physical health domain. This categorization of outcomes provides
researchers and clinicians with an overview of the current outcomes used to assess
patients’ response to OSAT.

For this qualitative overview, we only considered direct comparisons (intervention A vs B
on outcome domain Z) that had a combined sample size of 200 or more participants,
regardless of the number of trials involved in that comparison or the number of patients
involved in each of those trials. We considered intervention A superior to intervention B
for outcome Z if >50% of the trials comparing these interventions showed benefit A over
B. For an individual trial to show superiority of A over B in a given outcome domain, it
had to show statistically significant (p<0.05) benefit across > 50% of the
outcomes/measures pertinent to that domain. For instance, if a study examined the impact
of high-dose buprenorphine on illicit opioid consumption compared to placebo and
defined illicit opioid use in various ways (e.g. the percentage of positive opioid urine
screens, number of days of opioid use, and the number of days till opioid relapse) and
used several types of measurements (e.g. self-report and urine toxicology screening), the
study was required to demonstrate a statistically significant (p<0.05) treatment effect

across > 50% of outcomes taking into account different definitions and measurements.
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7.3.5 Methodological Assessment

We assessed trials’ risk of bias using the Cochrane Risk of Bias Tool for RCTs.** We
evaluated the results from the quantitative summary of retention data using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) framework.*®
GRADE suggests all direct, indirect, and network estimates (the combined estimate from
direct and indirect evidence) be reported for each comparison, and that each estimate be

subject to individual quality assessment using the traditional GRADE framework.
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7.4 RESULTS

7.4.1 Overview: Study Selection and Characteristics

An annotated flow diagram of the study selection process is presented in Figure 7.4.1.
We searched databases since inception to January 1, 2014 and identified 6077 articles.
Agreement among independent raters for the title, abstract, and full-text screening was
good (Kappa for titles, 0-71 [Standard Error [SE] 0.02]; abstracts, 0.85 (0.03); full texts,
0.73 (0.06)). We identified 60 trials with a combined participant sample of 13341
patients eligible for full text-extraction, of which 28 trials provided sufficient data for the
combined statistical summary of treatment retention (summarized in Table 7.4.1). The
network meta-analysis was performed in a sample of 3342 patients.

7.4.2 Methodological Quality Assessment

The mean Cochrane risk of bias score was 15-15 (SD: 2.51), with a minimum score of 10
and maximum of 18. Please refer to the supplementary appendix v (eTable 1) for a
summary of the individual risk of bias assessment for included studies. In accordance
with the GRADE framework, all estimates (direct, indirect, and network) are provided in
supplementary appendix v (eTable 2). The most common problems contributing to the
low ranking of evidence included the high risk of bias from individual studies (can be
seen with the Cochrane risk of bias scores) and the limited coherence and precision across
estimates.

7.4.3 Impact on Patient Retention: Network Meta-analysis Findings

7.4.3.1 Opioid Substitution Treatment Networks
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Table 7.4.3.1 provides an outline of the different OSATSs evaluated, the number of studies
investigating the intervention, and the combined number of participants randomized to
each intervention. The dose cutoffs for each intervention were selected in accordance
with the literature, whereby the effect changes beyond these cut points.”* The
antagonist properties of naloxone enhance the pharmacological effectiveness of the
combination buprenorphine naloxone intervention by reducing illicit opioid
consumption.”> Although some studies demonstrate the potential for abuse with
combination buprenorphine naloxone therapy ***, it is likely these studies were
underpowered with considerably small samples (n<10). Even the most recently published
Cochrane review evaluating buprenorphine maintenance treatment for opioid addiction
provided minimal rationale for pooling the combination buprenorphine/naloxone therapy
with the single formula.” Mattick et. al (2014) acknowledged the usefulness of evaluating
the combination therapy separately, however decided to pool based on their a priori
analysis plan by dose.*> Due to the strong evidence suggesting the pharmacological
properties of naloxone will alter the effectiveness of combination buprenorphine

13,46,4 . . .
4947 we have chosen to evaluate combination buprenorphine/naloxone

naloxone,
separately from single formula buprenorphine.

Of the 28 studies providing results for treatment retention, 16 different interventions
were evaluated. The interventions include: heroin, high-dose methadone (> 60 mg/day),
low-dose methadone (<60 mg/day), IV heroin + methadone (methadone > 60 mg/day),

high-dose buprenorphine (> 16 mg/day), low-dose buprenorphine (<16 mg/day), high-

dose Suboxone® (buprenorphine > 16 mg/day + naloxone), low-dose Suboxone®
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(buprenorphine <16 mg/day + naloxone), high-dose injectable naltrexone (384 mg/day),
low-dose injectable naltrexone (192 mg), high-dose oral naltrexone (> 50 mg/day), low-
dose naltrexone implant (<50 mg/day), low-dose levo-a-acetylmethadol (LAAM) (<160
mg/dose), low-dose oral naltrexone, naltrexone implant (200 mg/day) + oral naltrexone

placebo, and placebo. We provide the network plot of all interventions (Figure 7.4.3.1);

black lines connect treatment options that have been compared within a trial directly. The
numbers along the black lines represent how many trials compared the corresponding
pair of treatments. The size of the treatment nodes in the graph reflects the number of
studies that involve the corresponding treatment (e.g. the majority of participants
[n=2128] and studies [k=16] are represented in the high-dose methadone network).
7.4.3.2 Results from Network Meta-Analysis: The Most Effective Therapy for Treatment
Retention
Table 7.4.3.2 provides a summary of all estimates obtained from the network meta-
analysis. Heroin increases the odds of remaining in treatment more than any other
intervention, evident by the large and significant treatment effects. Heroin significantly
increased the odds of retention in treatment compared to high-dose buprenorphine (OR:
6.01; 95% CI: 1.18, 29.79), high-dose IV heroin + methadone (OR: 8.16; 95% CI: 1.27,
49.96), high-dose methadone (OR: 3.53; 95% CI: 1.28, 10.13), high-dose naltrexone (OR:
22.33; 1-80, 325.57), low-dose buprenorphine (OR: 5.11; 95% CI: 1.22, 21.93), low-dose
methadone (OR: 4.22; 95% CI: 1.24, 15.04), low-dose naltrexone implant (OR: 37.21;
95% CI: 5.62, 267.46), low-dose oral naltrexone (OR: 27.06; 95% CI: 2.44, 321.99), low-

dose Suboxone®(OR: 12.38; 95% CI: 1.73, 93.60) and placebo (OR: 38.55; 95% CI: 6.40,
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250.21). The multiple interventions heroin did not demonstrate significant improvement
over are summarized in Table 7.4.3.2.

High-dose methadone improved retention compared to low-dose naltrexone (OR: 10.54;
95% CI: 2.06, 57.67) and placebo (OR: 10.92; 95% CI: 2.36, 52.48); it did not
demonstrate significant benefit when compared to other interventions (Table 7.4.3.2).
While many of the treatments failed to show a significant difference in effectiveness for
retention when compared to each other, some interventions (heroin, high-dose
methadone, high-dose Suboxone®, low-dose buprenorphine, low-dose injectable
naltrexone, low-dose LAAM, low-dose methadone, and the naltrexone implant with oral
placebo) managed to demonstrate a significant effectiveness for improving retention
when compared to placebo.

We present the estimated rank probabilities for all 16 treatments in a plot known as a
rankogram (Figure 7.3.2a), which graphically highlights the comparative ranks among the
treatments. Based on these estimated ranks, we estimate that heroin has a 71% chance of
being the best modality for increasing treatment retention among the competing
interventions in this study. In contrast, low-dose naltrexone and placebo follow closely in
their probability of ranking last, approximate probabilities of 16.7 and 15.8%
respectively. We also display (Figure 7.3.2b) cumulative rank probability plots with
SUCRA values to summarize the comparative effectiveness of each treatment. Based on
these estimates, heroin is the overall highest ranked treatment for patient retention with a

SUCRA value 0f 96.9%.
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7.4.3.3 Assessment of Model Fit and Assumptions

Goodness-of-fit assessment showed a mean residual deviance of 348.69 and a DIC of
410.11. This reflects the fit of a complex model to a relatively small number of studies.
Of the 11 pairwise comparisons with at least two trials contributing direct evidence, I-
squared values ranged from 34.3% to 93.0%, representing a large degree of heterogeneity
present within the network. Of the seven pairwise comparisons, none had a statistically
significant inconsistency between direct-only and indirect-only estimates emerging from
the node-splitting procedure.

7.4.4 Qualitative Summary of Direct OST Comparisons for all Effectiveness
Outcomes Reported in the Literature

Results from each reported outcome for all direct comparisons are summarized in
supplementary appendix v (eTable 3). As noted by the scale of eTable 3 in supplementary
appendix v, a substantial number of outcomes as well as variations in outcome definitions
and measurements were reported across 57 trials. In order to manageably compare all
interventions (direct and indirect) we grouped outcomes with similar definitions and
measurements into more broader “outcome domains.” Table 7.4.4a summarizes the broad
domains, outcome domains, and specific outcome definitions and measurements reported
across trials. We appraised the evidence presented in supplementary appendix v (eTable
3) using the categorizations displayed in Table 7.4.4a in addition to the evidence

algorithm described in our methods.

Comparisons were made across 77 outcomes, including different measurements and
definitions (Table 7.4.4a). Within the 8 broadest domains (abstinence and substance use

behavior, physical health, psychiatric health and symptoms, personal and social
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functioning, resource utilization, intervention adherence, intervention acceptance, and
global quality of life and addiction severity scoring), there are 21 more specific outcome
domains (e.g. illicit opioid use, illicit non-opioid substance use), and across these
outcomes there exist 53 separate definitions. Among the 177 comparisons made across

outcome domains (eTable 4 located in supplementary appendix v), only 59 comparisons

(across 45 trials) met the criteria set in our evidence algorithm. Results are summarized in
Table 7.4.4b, where 28 comparisons showed no difference between interventions and 5
were inconclusive, meaning we did not see enough evidence to conclude there was an

effect (<50% of trials reporting a difference).

Low-dose oral naltrexone (outcome domains: general physical health, intervention
preference, intervention compliance) and naltrexone implant (outcome domain:
intervention compliance) failed to show benefit when compared against placebo. High-
dose Suboxone, low-dose buprenorphine, and dihydrocodeine showed no difference when
compared against methadone across the abstinence/substance use behaviour, physical
health, global quality of life/addiction severity, and personal/social functioning domains.
High dose-interim methadone (domains: abstinence/substance use, global quality of
life/addiction severity), and no intervention waitlist (domain: abstinence/substance use
behaviour) failed to show benefit over methadone. Dose-response relationships were
observed in this summary, where higher doses of more potent opioids resulted in greater
patient improvement across domains. Similar to the results of the network meta-analysis,
heroin showed significant benefit over high-dose methadone in the abstinence and

substance use, global quality of life/addiction severity scoring, personal and social
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functioning, as well as physical health domains. Comparisons were inconclusive
regarding the effectiveness of high-dose methadone compared to low-dose buprenorphine
for reducing illicit opioid use and drug craving, or low-dose methadone as compared to

low-dose buprenorphine for restraining non-opioid substance use.
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7.5 DISCUSSION

Results from this systematic review and network meta-analysis of randomized trials
suggest that, among patients treated OSATs, those treated with heroin and high-dose
methadone are more likely to remain in therapy. Heroin and high-dose methadone were
the only interventions significantly more effective than placebo, however we maintain
there was insufficient evidence to confidently rank the remaining treatments. Heroin
demonstrated effectiveness over methadone and all other interventions for maximizing
retention in treatment. Heroin also showed significant benefit when directly compared
against methadone for multiple outcomes including substance use, personal and social
functioning, physical health, and addiction severity. For the majority of direct
comparisons (buprenorphine, Suboxone, and dihydrocodeine), many interventions were
found to be no different than methadone.

The evidence base in this area suffers from important limitations. Trials evaluating
OSATs suffer from poor methodological quality, which is reflected in the Cochrane Risk
of Bias scores and GRADE assessment. A combination of small sample size, poor design,
highly stringent eligibility criteria, effect estimates with tremendous imprecision, short-
follow up time, missing data, and a major lack of consensus over patient-important
outcomes has led to an accumulation of a large yet very weak body of evidence. In fact,
many interventions failed to show significant benefit over placebo across different
physical health, behavioral, and social outcomes. Should we trust that these interventions

are as good as nothing at all? Whether it be illicit opioid use or risky behavior, the large
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number of definitions and measurements used to assess the same attribute suggest the
need for more consensus in the field and understanding of what treatment outcomes are
most important to addiction patients. Our findings were consistent with previous evidence
summaries;’****->¢ however, none to date have used network meta-analysis to obtain
summary statistics to evaluate retention or provided the results for all direct comparisons
into a single source.

The global impact of opioid use is apparent. There were 15.6 million (0.3 % global
population) people engaging in illicit opioid use in 2007.>” Countries such as Afghanistan
and Russia carry one of the largest burdens of opioid use.”® With over three million
reported heroin users, 30,000 deaths per year and a rising HIV epidemic, Russia feels one
of the largest impacts of opioid addiction.”® Afghanistan follows closely behind with the
reported number of heroin dependent patients reaching 120,000, of which 15-20% use
substances intravenously.*

Strategies targeted to reduce opioid addiction have led us to what is considered one of the
most controversial solutions. The use of heroin as a treatment for opioid dependence is a
novel and difficult concept for both governments and policy makers to approve. Trials in
Canada'* and the Netherlands®' highlight the effectiveness heroin as a treatment option in
opioid addiction. However, the provision of such treatments for opioid addiction is
fraught with controversies. Recently, Canadian researchers have been fighting against
health ministers decisions to cease all post-trial access to diacetylmorphine, whereby
researchers are citing the government for breach of ethical standards as according to the

Declaration of Helsinki, which requires “host country governments should make
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provisions for post-trial access for all participants who still need an intervention identified

as beneficial in the trial.”®

This setback is influenced by the governing paradigms of
nations, of which Canada is not alone; the US and Russia follow closely behind. Recent
the takeover of Crimea by the Russian army has forced hundreds of patients with opioid
addiction on methadone to face the painful effects of immediate withdrawal from
methadone due to Russia’s policies on drug dependence treatment.® Notwithstanding the
ethical and legal dilemmas of heroin use as a treatment option for opioid addiction and
the need for trials, it is important to address this problem by carefully weighing the
evidence for and against continuing research on heroin and promoting of opioid

substitution treatment for medicinal use, emphasizing the need for important rigorous

summary of evidence.

The results of this review suggest heroin to be the most effective option for helping
patients with opioid addiction to stay in treatment. These findings, in addition to the
findings of most trials studying heroin effectiveness, are biased by their outcome
assessment. Heroin trials consistently use outcomes that are inherently flawed. For
example, the Oviedo-Joekes (2009)' trial assessed the effectiveness of heroin in
comparison to high-dose methadone using retention in treatment and reduction in crime
and illicit substance use as their main outcomes.'* People addicted to heroin will commit
crimes and fail to comply with methadone treatment as a result of the behavior associated
with heroin dependence, thus, providing this substance free for enrolled participants will
undoubtedly reduce crime, heroin use, and increase retention. The selection of outcomes

in these trials were guaranteed to show improvement and calls into question the real
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effectiveness of heroin treatment, or possibly the appropriateness of the outcomes we are
using. These methodological shortcomings highlight the need for new assessment
strategies for opioid addiction treatment options, where future efforts should target the
objective assessment of treatment effectiveness employing long-term follow-up using
administrative data-linkage for trial participants to evaluate hard long-term outcomes such
as incidence of hepatitis, HIV, cardiovascular abnormalities, and mortality. Among the
trials included in this review, three evaluated the impact of interventions on mortality®*®
or cardiac function.®

Another important issue is the administration of heroin as a therapy. Heroin is a
challenging and complex treatment to provide to patients with opioid addiction. In one
trial, for example, patients were required to attend the clinic multiple times per day for
supervised consumption.'* This is due to heroin’s short half-life, which requires patients
to use the substance several times per day to avoid withdrawal symptoms.'* This intense
treatment regime would prove burdensome to the healthcare system. Consider if we were
to conduct studies of strategies for managing heart failure in hospital and the outcome
was time in hospital. Technically, we keep people from dying when in hospital, much like
you can prevent overdose or infection in an addiction patient if they keep coming to your
facility to inject. Of course people want more out of life than to stay in hospital or be
controlled by an intensive treatment regime. The goal of treatment is to be able to fulfill
your other needs. While some may argue that heroin treatment is a way of tapering down
opioid use with the ultimate aim of reaching abstinence, others may see the faults in the

administration of this treatment and suggest it keeps patients chained to the addiction
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center and prevents them from living normal lives. Although, is employment and access
to a more “normal” life more important? We have yet to perform any type of study
evaluating patients’ values and preferences with respect to long-term goals, or
social/physical trade-offs.

While previous evidence summaries may suggest no further trials are needed,” the
overwhelming variation in the selection of “patient important outcomes,” as well as the
marked range of definitions and measurements of specific outcomes question the validity
of this statement. The field of addiction medicine still requires larger trials and a
consensus as to the important outcomes for patients suffering from addiction. It may serve
future research to 1) evaluate outcomes patients define as important, 2) design adequately
powered trials to test effectiveness, 3) test interventions in representative samples (e.g.
include participants with psychiatric comorbidity, comorbid substance use problems), and
4) evaluate the long-term effectiveness of interventions in this chronic disorder.

7.5.1 Limitations

The reliability of our results rests on the assumption that the trial design features are
similar across studies. Any difference that influences the observed treatment effect will
weaken this assumption and our ability to reach firm conclusions from this review.’’
While the majority of studies included in the quantitative summary were eligible for
inclusion based on their similar definition and measurement of retention, heterogeneity
was present across studies. Differences in the duration of follow-up and eligibility criteria
applied to study populations contributed most to the observed heterogeneity. We

acknowledge there is large variability in the duration of follow-up across trials included
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in the quantitative summary, which ranges from 2-52 weeks. However, the majority of
trials (k=20) evaluate retention over a 6-month period, which is important since treatment
attrition for opioid addiction patients is highest within the first 26 weeks .

Our highly sensitive inclusion criteria were employed in efforts to obtain as many studies
as possible evaluating the effectiveness of OSATs. We aimed to provide an adequate
assessment generalizable to much of the opioid addiction population. However, such high
inclusivity can jeopardize the findings since the differences observed may actually be due
to differences in study populations or outcome measures. The eligibility criteria reported
across trials differed substantially, with some requiring patients to have failed previous
treatments of methadone, suggesting the inclusion of a population more vulnerable to
treatment failure. Other studies excluded populations with comorbid psychiatric disorders
or alcohol and substance use problems, which may suggest the study included participants
who would have faired better than the average opioid dependent patient. Such criteria not
only question the generalizability of the evidence, it also calls to question the impact of
heterogeneity on the quantitative summary.

For instance, the interpretation of the evidence generated from trials evaluating HAT
requires additional caution. The strict eligibility criteria used in trials evaluating HAT
selects a more marginalized cohort of patients who failed previous methadone treatments,
which calls to question the validity of effectiveness comparisons made between HAT and
other OSATs. It remains that HAT is shown to be more effective with heroin users that
did not respond to other treatment, and may be more effective than methadone within this

subgroup. Thus, findings suggesting HAT is most effective is unlikely generalizable to
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patients whose addiction is related to non-parenterally delivered prescription opioids.
While selected in accordance with previous literature, we recognize the dose
categorizations are higher than what some may be consider a clinically “low” dose.
However, the dose categorization were selected in accordance with the evidence, whereby
the observed treatment effect is statistically significantly different beyond this cut point.”'
4

Findings from this review discern the comparative effectiveness of OSATs for
considerable number of outcomes. However, notably absent are the results for safety
outcomes such as adverse events. We acknowledge that safety outcomes including side
effects and adverse events are important, however we established a prioi >* that the aims
of this review were to evaluate the impact of OSATs for retaining patients and managing
illicit substance use behavior. We did not directly evaluate a category of “safety
outcomes”, however many of the adverse events (e.g. overdose, withdrawal, prolonged
QTec interval) experienced as a result of medication were qualitatively summarized within
the physical health domain.

Adjunct psychosocial therapies can enhance the effectiveness of an OSAT®. Addiction
counselling, peer support networks (e.g. narcotics anonymous), cognitive behavioral
therapy, and motivational interviewing are all examples of the cadre of interventions
implemented to address the social problems associated with addiction and ultimately
supplement the OSAT. We acknowledge the impact adjunct therapies may have on

treatment prognosis, however due to the overwhelming differences in the collection,
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description, and delivery of psychosocial therapies we were unable to make a standardize
assessment or provide any conclusions as to their overall impact on the review findings.
In addition, many of the comparisons evaluated in our qualitative evidence summary did
not meet our minimum standard for inclusion (Table 7.4.4b), which excluded over 50% of
the evidence for direct comparisons across secondary end-points. While we are
uncomfortable with the exclusion of such a large portion of the evidence, we felt it
necessary for protecting the integrity of our analysis and interpretation. We are confident
the summary evidence penalization methods will reduce the chance of making strong
conclusions based on low-powered comparisons with potential for selective reporting and

multiple comparisons.
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7.6 CONCLUSION

Findings from this multiple treatments comparison and network meta-analysis of OSAT
suggest heroin assisted therapy is most effective for retaining patients in treatment.
Findings also suggest heroin, as well as higher doses of opioid treatments are most
effective for improving other outcome domains including abstinence and illicit substance
use, physical health, and personal and social functioning. The effects estimates reported
for studies evaluating heroin are likely inflated due to the more marginalized addiction
populations HAT is assessed in. Any results suggesting heroin as a superior therapy for
managing opioid use disorder should be interpreted with caution. Many treatments
showed no difference compared to methadone, and in some cases were no better than
placebo. Larger trials with long-term follow-up are needed for many of the interventions
evaluated in this review. Identification and use of patient important outcomes represent a

vital next step in addiction research.
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Figure 7.4.1 Flow diagram of the study selection process
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Figure 7.4.3.1 Network Plot of Opioid Substitution and Antagonist Interventions
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Figure 7.3.2a Rank Probabilities for Opioid Substitution and Antagonist Therapies
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Figure 7.3.2b Cumulative Rank Probability Plots For Opioid Substitution and
Antagonist Therapies using SUCRA Values
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Table 7.4.1 Characteristics of Opioid Substitution Treatment Randomized Controlled Trials Included in Network Meta-analysis
for Treatment Retention

Author Number of Cochrane

Last Name, | Participant | Duration Risk of Bias

Year s Followed Intervention(s) Definition of Retention in Treatment Score

Ahmadi, Low-dose Buprenorphine, Low-dose Methadone, Low- Remaining in treatment, retrieving allocated medication, and

2009 204 12 Weeks dose Naltrexone attending scheduled appoints for 12-weeks 11

Comer, High-dose Injectable Naltrexone (384 mg/day), Low- Attendance of maintenance visits and retrieval of allocated

2006 60 8 Weeks dose Injectable Naltrexone (192 mg), and Placebo medication for eight-weeks 15
Completion of one-year treatment regime of the intervention

Haasen, the participant was randomized to, including attendance at

2007 1015 52 Weeks Heroin and High-dose Methadone therapy, education, or psychosocial sessions. 15

Hartnoll, Remaining in one-year treatment regime, attendance of clinic

1980 96 52 Weeks Heroin and High-dose Methadone appointments, and maintenance on the therapy randomized to. 17

Johnson, High-dose Methadone, Low-dose Methadone, Low-dose Completion of treatment randomized for, maintenance on

1992 162 25 Weeks Buprenorphine treatment for 25 week period. 17
Percent of patients in each group who remained on the dose to

Johnson, which they were originally randomized for each day of the 14-

1995 150 2 Weeks Low-dose Buprenorphine and Placebo day study. 12

Kakko, Number of participants remaining in treatment for full 350

2003 40 52 Weeks Low-dose Buprenorphine and Placebo days. 17

Kamien, High and Low-dose Methadone, Low-dose Suboxone® Completion of 17-week treatment regime, attendance of clinic

2008 268 17 Weeks (Buprenorphine + Naloxone High-dose Suboxone® visits and retrieval of the treatment originally allocated. 18

Krupitsky,

2006 280 26 Weeks Low-dose Naltrexone and Placebo Completion of treatment regime over six-month period. 18
Completion of treatment regime, attendance of clinic

Krupitsky, Low-dose Oral Naltrexone, Naltrexone Implant + Oral appointments, and maintenance of clean urine screens for the

2012 306 26 Weeks Naltrexone Placebo, and Placebo trial duration. 18

High-dose Methadone, Low-dose Methadone, Low-dose Attendance of 26-week treatment regime allocated to
Ling, 1976 142 40 Weeks LAAM participant. 13
High-dose Methadone, Low-dose Buprenorphine, Low- Completion of 26-week treatment regime on the intervention
Ling, 1996 225 26 Weeks dose Methadone the participant was randomized to. 15
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Participants were considered to have retained in the

March, intervention arm if remained within the arm through the

2006 62 36 Weeks High-dose Methadone, High-dose Heroin + Methadone duration of the study. 13

Mattick, Not Completion of trial on the medication randomized to the

2003 405 Available High-dose Buprenorphine and High-dose Methadone participant for the duration of one year. 17
Completion of one-year trial while also receiving the

Neri, 2005 62 52 Weeks High-dose Buprenorphine and High-dose Methadone intervention allotted to the participant. 16

Oviedo-

Joekes,

2009 226 52 Weeks Heroin and High-dose Methadone Remaining in the one year treatment regime. 14

San, 1991 50 26 Weeks Low-dose Naltrexone and Placebo Remaining in six-month treatment regime. 15
Remaining on the 32-week therapy randomized to the

Saxon, 2013 | 1269 32 weeks High-dose Buprenorphine and High-dose Methadone participant. 15

Schottenfel High-dose Naltrexone, Low-dose Buprenorphine, and Remaining abstinent and in treatment for the duration of the

d, 2008 126 24 Weeks Placebo 168 day trial and attendance of clinics. 18

Schuffman, Completion of 12-week trial and continuance of medication

1994 32 12 Weeks Low-dose Oral Naltrexone and Placebo through out course of the trial. 16
Compliance with the treatment regime through out the course
of the 26 week trial, this included the daily ingestion of the

Soyka, 2008 | 140 26 Weeks Low-dose Buprenorphine and Low-dose Methadone randomized intervention. 10
Remaining on 16-week treatment intervention at the end of the

Strain, 1994 | 164 16 Weeks Low-dose Buprenorphine and Low-dose Methadone study period. 14
Completion of the 30-week intervention on the medication the

Strain, 1999 | 192 30 Weeks High-dose Methadone and Low-dose Methadone participant was randomized to. 17
Remaining on the 26-week treatment regime, this was

Strang, completed through attendance of clinic appointments and daily

2010 127 26 Weeks Heroin, High-dose Methadone, Low-dose Methadone ingestion of the medication the participant was randomized to. 18
Completion of the 1-year trial, while also maintaining

Van Den High-dose Heroin + Methadone and High-dose adherence to daily medication requirements of the intervention

Brink, 2003 | 549 52 Weeks Methadone the participant was randomized to. 18

Wolstein, Remaining in the 24-week trial and continuing the medication

2009 84 24 Weeks High-dose Methadone and Low-dose LAAM during the course of the trial. 12
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Woody, High-dose Suboxone® (Buprenorphine + Naloxone) and Completion of the 12-week trial and daily consumption of the
2008 152 12 Weeks Low-dose Suboxone® (Buprenorphine + Naloxone) medication the participant was randomized to. 14
Zaks, 1972 20 26 Weeks High-dose Methadone and Low-dose LAAM Completion of the six-month trial. 10
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Table 7.4.3.1 Details of the Opioid Substitution Treatments Investigated Across Trials

Included in Network Meta-analysis for Treatment Retention

Number of
Number of Events
Studies (Participants
Examining Completing Number of

Treatment Name Intervention | Intervention) | Participants
Heroin 4 522 715
High-dose Buprenorphine 3 386 971
High-dose Heroin + Methadone 2 158 278
High-dose Injectable Naltrexone (384
mg/day) 1 15 22
High-dose Methadone 16 1248 2128
High-dose Naltrexone 1 4 43
High-dose Suboxone® (Buprenorphine +
Naloxone) 2 66 132
Low-dose Buprenorphine 8 261 500
Low-dose Injectable Naltrexone (192 mg) 1 12 20
Low-dose LAAM 3 86 194
Low-dose Methadone 9 343 690
Low-dose Naltrexone Implant 3 45 161
Low-dose Oral Naltrexone 2 25 118
Low-dose Suboxone® (Buprenorphine +
Naloxone) 2 32 160
Naltrexone Implant + Oral Naltrexone
Placebo 1 54 102
Placebo 8 85 347

*Dose: high-dose methadone (> 60 mg/day), low-dose methadone (<60 mg/day), IV heroin + methadone (methadone > 60 mg

day), high-dose

buprenorphine (> 16 mg/day), low-dose buprenorphine (<16 mg/day), high-dose Suboxone® (buprenorphine > 16 mg/day + naloxone), low-dose

Suboxone® (buprenorphine <16 mg/day + naloxone), high-dose injectable naltrexone (384 mg/day), low-dose injectable naltrexone (192 mg),

high-dose naltrexone (> 50 mg/day), low-dose naltrexone (<50 mg/day), low-dose LAAM (<85 mg/day), low-dose oral naltrexone, naltrexone

implant approx. 200 mg/day + oral naltrexone placeb
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Table 7.4.3.2 Network Meta-analysis Results Summary for Treatment Retention Effectiveness (refer to attached

excel file for full image)

Heroin

High-dose Buprenorphine
High-dose Heroin +
Methadone

High-dose Injectable
Naltrexone (384 mg/day)

High-dose Methadone
High-dose Naltrexone
High-dose Suboxone®
(Buprenorphine + Naloxone)
Low-dose Buprenorphine
Low-dose Injectable
Naltrexone (192 mg)
Low-dose LAAM

Low-dose Methadone

Low-dose Naltrexone Implant

Low-dose Oral Naltrexone
Low-dose Suboxone®
(Buprenorphine + Naloxone)
Naltrexone Implant + Oral
Naltrexone Placebo

Placebo

Heroin

6.01(1.18,
29.79)

8.16 (127,
49.96)
10.81 (0.54,
222.05)
3.53(1.28,
10.13)
22.33 (1.80,
325.57)
3.44(0.48,
26.34)
5.11(1.22,
21.93)
15.63 (0.80,
323.51)
4.00 (0.76,
19.70)

422 (1.24,
15.04)
3721 (5.62,
267.46)
27.06 (2.44,
321.99)
12.38 (1.73,
93.60)
4.19(0.29,
65.14)
38.55 (6.40,
250.21)

High-dose
Buprenorphine

0.17 (0.03, 0.84)
1.37(0.19, 9.34)
1.80 (0.08, 41.88)
0.59(0.17,2.12)
3.72 (0.26, 59.36)
0.57 (0.07, 5.07)
0.85 (0.17, 4.49)
2.61(0.12, 61.09)
0.67 (0.11, 3.88)
0.71 (0.16, 3.20)
6.19 (0.82, 53.40)
4.49 (0.36, 63.20)
2.06 (0.26, 18.49)
0.70 (0.04, 12.42)

6.41(0.92, 49.53)

High-dose
Heroin +
Methadone
0.12 (0.02,
0.79)

0.73 (0.11,
5.21)

1.32 (0.05,
35.23)
0.43 (0.10,
2.04)
2.78(0.17,
52.01)
0.42 (0.04,

High-dose
Injectable
Naltrexone
(384 mg/day)
0.09 (0.00,
1.84)

0.56 (0.02,
11.97)

0.75 (0.03,
18.24)

0.33 (0.02,
5.53)
2.11(0.08,
55.46)
0.32(0.01,
7.84)

0.47 (0.03,
6.65)
1.44(0.14,
14.95)
0.37 (0.02,
7.49)

0.40 (0.02,
6.11)
3.49(0.23,
53.24)
2.53(0.15,
44.20)
1.15 (0.05,
28.74)
0.39 (0.02,
8.56)

3.60 (0.33,
39.20)

High-dose
Methadone
0.28 (0.10,
0.78)

1.70 (0.47,
5.84)
2.31(0.49,
10.22)

3.07 (0.18,
54.06)

6.32 (0.60,
75.14)

0.97 (0.18,
5.52)

1.45 (0.49,
4.20)
4.41(0.26,
77.43)

1.13 (0.30,
3.95)

1.20 (0.54,
2.73)

10.54 (2.06,
57.67)

7.66 (0.83,
76.08)

3.48 (0.63,
19.63)

1.18 (0.10,
14.97)
10.92 (2.36,
52.48)

High-dose
Naltrexone
0.04 (0.00,
0.56)

0.27 (0.02,
3.89)

0.36 (0.02,
6.04)

0.47 (0.02,
12.75)
0.16 (0.01,
1.66)

0.15 (0.01,
2.62)

0.23 (0.02,
1.89)

0.70 (0.03,
18.02)
0.18 (0.01,
241)

0.19 (0.02,
1.89)

1.67 (0.14,
18.67)
1.22 (0.07,
18.77)
0.55 (0.03,
9.37)

0.19 (0.01,
3.74)

1.73 (0.18,
15.88)

High-dose
Suboxone®
(Buprenorphine +
Naloxone)

0.29 (0.04, 2.10)
1.74 (0.20, 14.27)
2.37(0.23,22.29)
3.13(0.13, 81.12)
1.03 (0.18, 5.71)
6.52(0.38, 124.58)
1.48 (0.22,9.77)
4.53(0.18, 115.38)
1.16 (0.13,9.21)
1.24(0.22, 6.78)
10.93 (1.16, 106.55)
7.80 (0.55, 128.37)
3.59 (0.80, 16.10)
1.21 (0.07, 24.30)

11.19 (1.30, 103.18)

Low-dose
Buprenorphine

0.20 (0.05, 0.82)
1.18(0.22, 6.02)
1.60 (0.24, 10.07)
2.11(0.15, 30.60)
0.69 (0.24, 2.05)
4.39(0.53, 41.82)
0.67 (0.10, 4.61)
3.07 (0.22, 44.70)
0.78 (0.16,3.72)
0.83 (0.34,2.05)
7.30 (1.85, 30.62)
5.31(0.74, 40.75)
2.42(0.37, 16.55)
0.81 (0.08, 8.42)

7.56(2.37,25.53)

Low-dose
Injectable
Naltrexone
(192 mg)
0.06 (0.00,
1.25)

0.38 (0.02,
8.33)

0.52 (0.02,
12.57)
0.69 (0.07,
6.99)

0.23 (0.01,
3.83)

1.44 (0.06,
37.78)
0.22 (0.01,
5.50)

0.33 (0.02,
4.50)

0.26 (0.01,
5.17)

0.27 (0.02,
4.30)
2.38(0.16,
36.62)
1.74 (0.10,
30.64)
0.79 (0.03,
20.46)
0.27 (0.01,
5.77)
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Table 7.4.4a Categorization of Outcomes Reported Across OSAT Trials

Domains

Outcome Domains

Definition of Outcome

Measurement of Outcome

Abstinence and
Substance Use
Behaviour

1llicit Opioid Use

Frequency of Illicit Opioid Use (Mean
number of negative opioid urine screens
or percentage of positive opioid screens,
days of illicit use, assessed per treatment
arm)

Urine toxicology screening

A composite score from the Addiction Severity
Index (European version)

Self-report

Hair sample toxicology screening

Scores from Addiction Severity Index (American
interview) domain assessing number of days of
opiate use in last

month

Visual Analog Scale (daily heavy drug abuse was
recorded as 10 and ‘drug free’ was recorded as 0)

Weekly Activity Summary (WAS)

‘Dirty rate’ measured using the number
of opiate-positive urine screenings
divided by the number of weeks of study
participation

Urine toxicology screening

Time to relapse measured using the
number of days between baseline and
occurrence of the first opiate-positive
urine screening

Urine toxicology screening

Failure to maintain abstinence

Urine toxicology screening

Heroin use in preceding month at three,

Self-reported frequency of use measured using the
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six, and twelve month interviews

Opiate Treatment Index

Response to treatment measured as a
reduction of regular use of street heroin,
which was defined as 50% or more of
negative specimens on urinalysis during
weeks

Urine toxicology screening

Percentage of patients in a drug free
period, defined as time elapsed between
the first day of Naltrexone administration
and the first evidence of opiate abuse
(day on which positive urine test for
opiate was obtained, or alternatively, the
day on which the patient reported on
opiate abuse)

Urine toxicology screening

Abstinence from street heroin (zero use)
in the past 30 days

Self-reported abstinence obtained by independent
researchers in face-to-face interviews

Assessment of near (<2 opioid positive
urine screens) and full abstinence (0
opioid positive urine screens)

Urine toxicology screening

Percentage of participants per treatment
arm who maintained 12 consecutive
opioid-free urine screens

Urine toxicology screening

Slip defined as occasional heroin use,
less than three consecutive positive urine
screens, and no symptoms of withdrawal

Self-report and urine toxicology screening

Days to heroin relapse (3 consecutive
opiate-positive urine screens)

Urine toxicology screening

Number of days a patient could remain
abstinent measured by the longest
duration of opiate negative urine screen

Urine toxicology screening

Drug use history and routes of substance
abuse

Risk Behaviour Survey

The global severity of all aspects of their
current drug problem

Self-report on a scale of 0 (no problem) to 100
(very severe)

Opioid relapse defined as everyday
heroin use, three consecutive positive
urine tests, or reported symptoms of

Self-report and urine toxicology screening
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withdrawal
Degree of opioid substance abuse Qlobal rating §ca1e: ra?ipg 9f2 marked an
improvement in rehabilitation and substance use
Non-opioid Substance Frequency of poly-substance use (eg. Self-report
Use Percentage/mean number of positive
stimulants/benzodiazepines urine screens | Reported by family members or friends watching
per treatment arm cocaine, the participant
benzodiazepines, illicit methadone) Weekly Activity Summary (WAS)
Visual Analog Scale (daily heavy drug abuse was
recorded as 10 and ‘drug free’ was recorded as 0)
Weekly Drug Use Questionnaire
Urine toxicology screening
Days of alcohol use per treatment arm Self-report
Severity of nicotine dependence The Fagerstrom Test for Nicotine Dependence
Alcohol consumption Breathalyser test
The global severity of all aspects of their | Measured on a scale of 0 (no problem) to 100
current drug problem (very severe)
Drug use history and routes of substance
abuse Risk Behaviour Survey
Health Risk Behaviour Injecting drug-use behaviour Self-report
Related to Substance AIDS risk inventory
Use Reduction in HIV risk behaviours Opiate Treatment Index
Risk Assessment Battery (RAB) scores
Maudsley Addiction Profile
Money Spent or Gained | Amount of money spent on illicit opioid
on lllicit Opioid consumption per month Addiction Severity Index
Consumption
Amount of money gained from illicit
opioid consumption per month Addiction Severity Index

240



Ph.D. Thesis — BB.

Dennis; McMaster University — Health Research Methodology

Physical Health

Drug Cravings

Craving for Opioid Substances

Subjective Opiate Withdrawal Scale German
Version

Visual Analog Scale for Heroin Craving

Craving visual analogue scale (CVAS)
(administered every week): a 10 cm line - with an
end corresponding to 0 and the other to 100 - was
used to record the extent of subjective cravings for
heroin, cocaine and alcohol in the preceding week

Tiffany Heroin Craving Questionnaire

Overdose

Overdose of illicit or prescribed opioid
and non-opioid substances requiring
medical attention

Self-report

Medical chart review

Withdrawal Symptoms

Opioid physical withdrawal symptoms

The Withdrawal Symptoms Checklist

Self-reported euphoric feelings

The Addiction Severity Index

Subjective Opiate Withdrawal Scale (German
version: SOES)

Self-report

The Wang Scale

Addiction Research Centre Inventory

General Physical Health

General physical health and well-being,
an assessment of current physical
symptoms, physical functioning, physical
role limitations, bodily pain, physical
comorbidity as well as medical history

Opioid Treatment Index

Quality of Life scale (SF-12)

Self reported health measured assessing
symptoms, overdoses, and mortality

Maudsley Addiction Profile

Short Form 36-item Health Survey

Physicians perception of disease severity
and overall improvement compared to
baseline

Clinical Global Impressions Scale German
Version

Immune system functioning

Plasma concentrations of TNF-alpha, IL-2 beta,
IL-1beta and CD14 lymphocyte
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Cardiac Function assessed with corrected
QT interval measurements

Electrocardiographic analysis

Evaluation of patients meetings the
categorical QTc prolongation thresholds
across treatment groups (e.g. more than
470 milliseconds for males and more
than 490 milliseconds for females)

Electrocardiographic analysis

Psychiatric Health
and Symptoms

Psychiatric symptoms

Psychiatric Assessment for Depression,
Anxiety, and other psychiatric symptoms

Mental health symptoms measured using the SF-
12

Symptom checklist-90 (SCL-90)

Short Form 36-item

Self-rating depression (SRD) questionnaire

Minnesota Multifactorial Personality Inventory
(MMPI)

Symptom checklist (SCL-5)

The Beck Depression Inventory

State Trait Anxiety Inventory (STAI)

Sensation Seeking Scale (SSS)

Addiction Severity Index

Maudsley Addiction Profile

Scale of Anhedonia Syndrome

Self-reported assessments (somatization,
depression, hostility, anxiety, paranoid ideation,
interpersonal sensitivity)

Psychological
Adjustment

Psychological and social adjustment

Addiction Severity Index (family and social
relations scores)

Opiate Treatment Index (social functioning scores)

Clinical Global Impression as assessed by the
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Brief Psychiatric Rating Scale

Global Quality of
Life and Addiction
Severity Assessments
(outcomes of
combined domains)

Composite Addiction
Severity Scores

Composite scores from addiction
severity assessments that encompass
patients physical, psychological, and
social functioning, as well as their
substance use behaviour

Composite International Diagnostic Interview

European Addiction Severity Index

Addiction Severity Index

Global Quality of Life

Quality of life assessment encompasses
the evaluations of physical, Social,
physical, and psychological well-being

SCL-90-R subscales

SCL-90-R global scores

General Symptomatic Index

Positive Symptom Total

Positive Symptom Distress Index

Lancashire Quality of Life Profile

Visual Analog Scale (10 = very bad, 0 = very
well) and with the temporal satisfaction with life
scale (TSLS)

Personal and Social
Functioning

Criminal Behaviour

Involvement in illegal activity

Self-reported days involved in illegal activities

Self-reported time spent with: people still abusing
substances, selling drugs, engaging in illegal
activity

Lifestyle Changes Questionnaire (patients
indicated whether they had engaged in any of 9
activities to stop, reduce, or avoid cocaine/heroin
use during the past week and whether they had
committed crimes)

Weekly Activity Summary (WAS 42)
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Employment and Social
Involvement

Social stability assessed using current
employment, volunteer, or social
activities

Self-reported changes in vocational and social
rehabilitation

Self-reported consumption of meals, type of
accommodation, and current employment
activities

Weekly Activity Summary (WAS 42)

Behavioural observation where the research
assistant recorded (yes/no) if patients had initiated
new activities or increased the amount of time
spent in any of three activity categories: (1)
employment; (2) family/social; and (3) personal
(spiritual, counselling or psychotherapy, physical
fitness)

Participation in non-study related addiction
treatment programs (Narcotics Anonymous, e.c.t)

Relationships

Evaluation of relationships and personal
conflict with others

Personal and social functioning domain of the
Maudsley Addiction Profile

Social functioning measured using SF-36 health
survey

Personal and social function measured by self-
reported time spent with people still abusing
substances, selling drugs, engaging in illegal
activity

Personal Stability

Evaluation of personal stability through
assessment of housing and food
consumption

Self-reported consumption of meals and type of
accommodation

Resource Utilization

Service utilization

Evaluation of how patients utilize
available treatment and social services

Days Patients were seen by counsellors

Total clinic attendance

Intervention
Adherence

Retention in Treatment

Number of patients remaining on the
allocated intervention at the end of
follow-up

Adjudicated by the trial research staff

Number of patients remaining on the

Adjudicated by the trial research staff
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allocated intervention, and maintained a
standard of opioid-free urine set by the
study coordinators at the end of follow-

up

Time until patient withdraws from
treatment

Adjudicated by the trial research staff

Intervention Compliance

Days patients attended clinic as an
assessment of how well patient adheres
to the treatment regime

Adjudicated by the trial research staff

Treatment attendance, the number of days
medicated divided by days in treatment

Involvement of a significant other in treatment
who was asked to supervise and report on
compliance at each study visit, either in person or
by telephone

Assessment of medication adherence
(evaluation of whether patient takes the
medication prescribed)

Visual inspection of urine, inclusion of riboflavin
50 mg in the active and placebo naltrexone
capsules with visual inspection for its presence
using ultraviolet light at the long wave setting (444
nm) in a room with low ambient light

Count of remaining capsules at each appointment

Study patients were required to respond to a
random medication recall once each 4 weeks to
monitor and deter potential misuse of methadone

Involvement in services provided by
treatment centres

Assessment of the counselling visits, which were
based on the length (minutes) and number of
contacts the patient had with either individual or
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group treatments

Successful Medication
Induction

At least one dose of medication by the
6th day of the study

Assessed by clinical research staff

Intervention
Acceptance

Intervention Preference

Assessment of final drug of choice (at
end of cross-over trial participants could
chose which therapy to remain on)

Self-report

Medication preferences (includes a proxy
assessment of dosing adequacy)

The Helping Alliance Questionnaire II (HAg-1I;
patient version), which is a 19-question self-
administered instrument that measures the quality
of therapeutic alliance between patients and
therapists from the point of view of the patients

The Client Satisfaction Questionnaire (CSQ), a
self-administered questionnaire that assesses
overall satisfaction with treatment

Measured using a visual analogue questionnaire of
drug properties which required them to “rate each
drug on six different factors: is the drug holding
(suppressing withdrawal); how much buzz do you
get from the drug; do you experience side effects,
do the side effects bother you; do you like the
drug, and do you feel more normal?”

246



Ph.D. Thesis — BB. Dennis; McMaster University — Health Research Methodology

Table 7.4.4b Results from Evidence Based Comparison of Opioid Substitution Treatments

Number Number Number of
of Trials of Number of Trials
Evaluati Patients Trials for showing
ng in Showing Benefit for
Intervention Compari | Compari Benefit for Interventio Final
A Intervention B son son Domain: Outcome Domain Intervention A nB Evaluation
Global Quality of Life and )
Injectable High-dose Addiction Severity Assessment: Intervent}on
High-dose Heroin + High-dose 6170 Composite Addiction Severity 6170 B S6ulp7eor10r
Methadone Methadone 27" 236 Scores 0 277 ’
High-dose Intervention
Levoacetylm A 19,7
ethadol 197173 Abstinence and Substance Use 19.73 Super}lor
(LAAM) High-dose Methadone | 4 481 Behaviour: Illicit Opioid Use 2 0
High-dose Low-dose 74.81 Abstinence and Substance Use 777881 7576 Inconclusiv
Methadone Buprenorphine 8 780 Behaviour: Illicit Opioid Use 30 27 ’
Abstinence and Substance Use Intervention
High-dose Low-dose 80.82 Behaviour: Non-Opioid 7781 A S%pgelrlor
Methadone Buprenorphine 3 306 Substance Use 2 0 |
High-dose Low-dose 78-80 78 Inconclusiv
Methadone Buprenorphine 3 280 Physical Health: Drug Craving 1 0
Intervention
High-dose - Abstinence and Substance Use © A .
Suboxone Placebo 1 218 Behaviour: Illicit Opioid Use 1 0 Superior
Intervention
High-dose 83 83 A 83
Suboxone Placebo 1 218 Physical Health: Drug Craving 1 0 Superior
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Intervention
High-dose A 83,8
Buprenorphi 03,84 Abstinence and Substance Use 23,84 Superior
ne Placebo 27 324 Behaviour: Illicit Opioid Use 27 0
High-dose Intervention
Buprenorphi 3 3 A 83
ne Placebo 1 218 Physical Health: Drug Craving 1 0 Superior
Low-dose g17.74.76- | usi
Buprenorphi Abstinence and Substance Use nconc sty
ne Low-dose Methadone 7888 961 Behaviour: Illicit Opioid Use 2470 1" 70T
Global Quality of Life and No
Low-dose Addiction Severity Assessment: . 1
Buprenorphi 17.86 Composite Addiction Severity D1ff$r866nce
ne Low-dose Methadone 2" 226 Scores 0 0 ’
Low-dose . No 7
Buprenorphi 1886 D1ff§r866nce
ne Low-dose Methadone 2" 236 Physical Health: Drug Craving 0 0 ’
Low-dose 17,82,85,8 Abstinence and Substance Use )
Buprenorphi 4 6 Behaviour: Illicit Non-Opioid Inlc70§12021;151s8121
ne Low-dose Methadone 478 Substance Use 0 0 e 7T
Intervention
High-dose 14.15.88 Abstinence and Substance Use 14.15.88 AEugegrgor
Heroin High-dose Methadone | 3 " 1368 Behaviour: Illicit Opioid Use 3" 0 o
Intervention
Abstinence and Substance Use A 14,6
High-dose 14.64 Behaviour: Illicit Non-Opioid 14.64 Super}‘or
Heroin High-dose Methadone 2" 322 Substance Use | 0
Personal and Social Functioning:
High-dose 14.64 Employment and Social 14 Intervention
Heroin High-dose Methadone 2" 322 Involvement 1 0 A Superior
Psychiatric Health and Intervention
High-dose 14 Symptoms: Psychiatric 14 A 14
Heroin High-dose Methadone 1 226 Symptoms 1 0 Superior
No X
High-dose 15 Physical Health: General Physical lefegence
Heroin High-dose Methadone 1 1015 Health 0 0
Intervention
B Superior
40,43,65,7 40,43,65,76, 40,43,65,76,78
Low-dose 6 6.78.89 Abstinence and Substance Use 5 78.89 80
Methadone High-dose Methadone o 771 Behaviour: Illicit Opioid Use 0 ’ ’
Low-dose 78.89 78.89 Intervention
Methadone High-dose Methadone 2 209 Physical Health: Drug Craving 0 27 B Superior
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78,89
Abstinence and Substance Use . No 4
Low-dose 40.43.89 Behaviour: Illicit Non-Opioid Dlgfigesgce
Methadone | High-dose Methadone | 3 " 379 Substance Use 0 o
Low-dose usi
Oral Abstinence and Substance Use Inconclusiv
41,90-94 . .. .. 41,90 41,90
Naltrexone Placebo 6 812 Behaviour: Illicit Opioid Use 2 e
Low-dose . No 4
Oral 41.91.94 Physical Health: General Physical lefibrgelnce
Naltrexone Placebo 3777 396 Health 0 ’
Low-dose
Oral 90.94 Intervention
Naltrexone Placebo 27 84 Physical Health: Drug Craving 1 A Superior
Low-dose . No 9
Oral 90 Intervention Acceptance: lefegence
Naltrexone Placebo 1 302 Intervention Preference 0
Low-dose . No 4
Oral 41.91.94 Intervention Adherence: lefibrgelnce
Naltrexone Placebo 377 396 Intervention Compliance 0 ’
Intervention
Naltrexone al Abstinence and Substance Use al A Slzpierlor
Implant Placebo 1 204 Behaviour: Illicit Opioid Use 1
No
. . 4
Naltrexone Intervention Adherence: Difference
Implant Placebo ! 204 Intervention Compliance 4 0 !
Intervention
Naltrexone 4 Abstinence and Substance Use 4 A 4
Implant Oral Naltrexone 1 204 Behaviour: Illicit Opioid Use 1 Superior
No
. 4
Naltrexone al Intervention Adherence: leferlence
Implant Oral Naltrexone 1 204 Intervention Compliance 0
Low-dose Intervention
Buprenorphi 03.05 Abstinence and Substance Use 03 A 9
ne Placebo 27 233 Behaviour: Illicit Opioid Use 1 Superior
Intervention
High-dose %6 Abstinence and Substance Use 96 A Sug%erlor
Methadone Waitlist 1 301 Behaviour: Illicit Opioid Use 1
Abstinence and Substance Use . No 9
High-dose 06 Behaviour: Illicit Non-Opioid lefegence
Methadone Waitlist 1 301 Substance Use 0
. . 4343 .
High-dose High-dose Methadone 2 1303 Abstinence and Substance Use 0 No
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Suboxone Behaviour: Illicit Opioid Use Difference”
343
. No
Abstinence and Substance Use diff 43
: our T e ifference
High-dose . 43.97 Behaviour: Illicit Non-Opioid PA
Suboxone High-dose Methadone 2 1303 Substance Use 0
No
. 4
High-dose 08 Physical Health: General Physical lefgf‘gnce
Suboxone High-dose Methadone 1 1269 Health 0
Psychiatric Health and N
High-dose Symptoms: Psychiatric 0
Suboxone High-dose Methadone 2B 1303 Symptoms 0 difference’’
Global Quality of Life and D'ffNO 9
: i ot : . ifference
High-dose . 43.97 Addiction Severlt‘y Assegsment. 7
Suboxone High-dose Methadone 2 1303 Global Quality of Life 0
Dihydrocode . No 9
ine (30 or 60 Methadone (no 9 Abstinence and Substance Use lefegence
per day) specified dosing) 1 218 Behaviour: Illicit Opioid Use 0
Abstinence and Substance Use No
Dihydrocode Behaviour: Health Risk Diff 9
ine (30 or 60 Methadone (no 99 Behaviour (related to substance 1 egence
per day) specified dosing) 1 218 use) 0
Dihydrocode . No 9
ine (30 or 60 Methadone (no 9 Personal and Social Functioning lefegence
per day) specified dosing) 1 218 Relationships 0
Dihydrocode . No 9
ine (30 or 60 Methadone (no 9 Personal and Social Functioning: lefegence
per day) specified dosing) 1 218 Criminal Behaviour 0
Dihydrocode Personal and Social Functioning: D'ffNO 9
ine (30 or 60 Methadone (no Employment and Social iiierence
99 9
per day) specified dosing) 1 218 Involvement 0
Dihydrocode . No 9
ine (30 or 60 Methadone (no 99 Physical Health: General Physical lefegence
per day) specified dosing) 1 218 Health 0
Dihydrocode . No 9
ine (30 or 60 Methadone (no 9 lefegence
per day) specified dosing) 1 218 Physical Health: Overdose 0
High-dose Intervention
Buprenorphi Low-dose 100 Abstinence and Substance Use 100 A Slllopgrlor
ne Buprenorphine 1 736 Behaviour: Illicit Opioid Use 1
High-dose Low-dose Intervention
100 100
Buprenorphi Buprenorphine 1 736 Physical Health: Drug Craving 1 A Superior
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ne 100
High-dose Intervention
Buprenorphi 101.102 Abstinence and Substance Use 101 A 101
ne High-dose Methadone 2 456 Behaviour: Illicit Opioid Use 1 0 Superior
Abstinence and Substance Use No
High-dose Behaviour: Health Risk . 1
Buprenorphi 102 Behaviour (related to substance lefe(g:nce
ne High-dose Methadone 1 394 use) 0 0
Global Quality of Life and
Addiction Severity Assessment:
High-dose Composite Addiction Severity
Methadone High-dose Interim 103 Scores No
Methadone 1 203 0 0 difference
High-dose Abstinence and Substance Use
Methadone High-dose Interim 103 Behaviour: Illicit Opioid Use No
Methadone 1 203 0 0 difference
High-dose Abstinence and Substance Use
Methadone High-dose Interim 103 Behaviour: Illicit Non-Opioid Use No
Methadone 1 203 0 0 difference
Abstinence and Substance Use .
Behaviour: Money Spent on Illicit Intervention
High-dose High-dose Interim 103 Substance Consumption 103 B 103
Methadone Methadone 1 203 0 1 Superior
Personal and Social Functioning: Intervention
High-dose High-dose Interim 103 Criminal Behavior 103 B 103
Methadone Methadone 1 203 0 1 Superior
Global Quality of Life and
Addiction Severity Assessment:
High-dose Composite Addiction Severity
Interim 104 Scores No
Methadone Waitlist 1 319 0 0 Difference
High-dose Abstinence and Substance Use Intervention
Interim 104 Behaviour: Illicit Opioid Use 104 A 104
Methadone Waitlist 1 319 1 0 Superior
High-dose
Interim 104 Abstinence and Substance Use No
Methadone Waitlist 1 319 Behaviour: Illicit Non-Opioid Use 0 0 Difference
Abstinence and Substance Use .
High-dose Behavior: Money Spent on Illicit Intervention
Interim 104 Substance Consumption 104 A 104
Methadone Waitlist 1 319 1 0 Superior
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CHAPTER 8

THESIS CONCLUSION

8.1 Overview

The work presented in this thesis highlights challenges many clinicians face when
determining the optimal treatment for patients with opioid addiction. Acknowledging
these disorders are multifaceted and may require adjunct psychosocial therapies, this
work provides evidence to suggest patients with chronic pain respond poorly to
methadone and no other OST demonstrates advantage for managing this subgroup of
patients. This work identifies a major source of heterogeneity in the previous literature
and provides an important consensus on the prognostic value of the BPI—a commonly
employed pain measurement. Using data from the first network meta-analysis in the field
we discuss 1) the most optimal therapies for opioid addiction patients, 2) major problems
in outcome selection, 3) feasibility issues associated with OST administration, and 4) a
summary of the limitations of this evidence base. This work tackles major questions in
the field of opioid addiction and shines light on future directions research can help

improve the current management of disease.

8.2 The Role of Pain In Opioid Addiction Patients

Findings from our initial review of the evidence (Study 1) suggest a lack of consensus as

to the real effect of chronic pain on illicit opioid use behaviour. Upon screening 826
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articles, we identified five studies evaluating the impact of pain on substance use behavior
among MMT patients. Only three studies showed a significant relationship between the
presence of pain and an increase in substance abuse, albeit the studies varied largely in
the definitions and measurement of both pain and “opioid use behavior.” Whether it be
the lack of a single “gold standard” measurement of response, or a lack of consistent
measurement of pain, it is difficult to summarize and compare the results of these
relatively small investigations. Findings from this review confirmed a need for future
research to assess the effect of chronic pain on the treatment prognosis of MMT patients
and explore the sources of heterogeneity in previous studies. We further assessed these
questions using data from the GENOA research collaborative. Findings from Study 2 and
Study 3 demonstrate chronic pain to be important predictor of continued opioid abuse
among addiction patients receiving MMT. In a sample of 235 MMT patients, we found
patients reporting comorbid pain were also found to have an increase in positive opioid
urine screens (OR: 1.02 95% CI 1.00, 1.03; p=0.01), indicating an increase in illicit
opioid use. We also identified an important inflammatory biomarker (IFN-y) to
distinguish pain in the MMT setting. Analysis of inflammatory profile showed IFN-y to

be significantly elevated among patients reporting comorbid pain.

While results from Study 2 appear promising, they were not without their own limitations.
Effect estimates were small, whereby chronic pain was only slightly associated with an
increase in positive opioid urine screens (OR: 1.02 95% CI 1.00, 1.03; p=0.01). This

study also presents data from the GENOA cross-sectional pilot study, inhibiting us from

making any inference of causality between pain and opioid abuse. Additionally, we did
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not use any, “validated” assessment tools to ascertain chronic pain, we relied solely on a
self-reported measure. However, these limitations are corrected for in Study 3 using data
collected from the GENOA prospective cohort investigation. In Study 3 illicit opioid use
behavior was determined using prospectively collected urine data, reflecting opioid
consumption patterns for the three months following pain assessment. Thus, the
association between pain and opioid consumption in Study 3 can be interpreted as an
effect, or “risk” association between pain and continued opioid abuse. Study 3 also uses
multiple pain measures to evaluate the prognostic value of different pain classification

including the BPI (a validated assessment) in a sample of patients with opioid addiction.

Findings from Study 3 show that while the BPI may be more sensitive in capturing pain
among patient with opioid addiction, this tool is of less value for predicting the impact of
pain on illicit opioid use. The BPI was highly sensitive, classifying a large number of
GENOA participants with pain (n=281 of the 297 classified with pain by both tools,
94.6% of total pain cases) in comparison to the simple self-reported measure as
determined with the GENOA CRF (n=154 of 297 classified with pain according to both
measures, 51.8% of total pain cases). Participants classified as having pain according to
both measures were found to have an estimated 7.79% increase in positive opioid urine
screens and a four times greater odds of engaging in a “high risk” level of illicit opioids
use. The prognostic relevance of pain classification was not maintained for the additional
participants classified by the BPI (n=143 discordant), whereby pain classification was not

predictive of positive opioid urine screens or a “high-risk™ level of opioid consumption.
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Findings from Study 3 provide consensus as to the real effect of pain on opioid
consumption in MMT patients. Among the previous studies evaluating this question
(identified in Study 1), those measuring pain using the BPI report no effect of pain on
illicit opioid consumption. To the contrary, the studies reporting a significant effect of
pain on opioid abuse behaviour did not classify pain using the BPI. We acknowledge the
BPI may indeed appropriately identify participants with comorbid pain, however its
classification casts a net so wide it loses prognostic value. We contend the previous
findings suggesting pain is not an important predictor for treatment prognosis, whereby
results from this well-conducted methodological study suggest 1) pain is an important
predictor that should be screened for by OST clinicians and 2) directly inquiring into
patients’ history of pain using question such as, “are you currently experiencing or have
been diagnosed with chronic pain?”” will distinguish patients at high-risk for dangerous

opioid consumption behaviour.

The latter papers (Study 4 and Study 5) of this thesis aim to evaluate optimal treatments
for opioid addiction patients using systematic review evidence. Both review protocols

were previously published.

Study 4 sought to determine the optimal therapy for opioid addiction patients with
comorbid pain. We performed a multiple treatments comparison, evaluating the mediating
effects of pain across all OSATs. Upon screening 3540 unique articles with moderate
agreement, 14 articles with a combined sample of 3128 patients fulfilled our inclusion
criteria. While results from the meta-analysis suggest pain has no effect on illicit opioid

consumption, these findings summarize the effect of pain on “any time use,” as their
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outcome of interest. As expected the studies evaluating illicit opioid consumption using
other definitions of opioid use behavior (e.g. number of days of opioid use, % of positive
opioid urine screens) did report an effect suggesting that pain increases risk for opioid
abuse for patients maintained on OST. Participants with pain were also found to report
higher rates of physical health impairment, treatment attrition, and psychiatric
comorbidity (pOR: 2.18; 95%CI 1.6, 2.9, I :0.0%). Our review of the current Canadian,
American, and British treatment guidelines for OSTs suggests neither guidelines discuss
the important impact of pain on treatment prognosis nor provide any formal

recommendations for treatment management in this subpopulation.

Findings from Study 4 further highlight substantive problems in the field. We did not find
any evidence to suggest a specific OST is superior for managing comorbid pain and
addiction. We caution the interpretation of evidence from the meta-analyses since these
results preclude a substantial portion of the evidence. Major findings from Study 4
suggest 1) clinicians should be aware of the adverse impact of chronic pain among OST
patients, 2) important outcomes are unstudied in the literature, and 3) major efforts are

needed to improve the translation from evidence to practice.

The final paper (Study 5) assesses the optimal therapy for all opioid addiction patients.
Utilizing systematic review methods, I provide the first multiple treatments comparison
and network meta-analysis to combine evidence from all trials examining OSAT with the
aim of distinguishing the most effective treatments for opioid addiction. Among 60 trials

fulfilling the review inclusion criteria, we evaluated 28 trials testing 16 interventions in a
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total of 3342 participants. In comparison to all other OSATs, heroin consistently ranked
highest for increasing the odds of remaining in treatment when compared to high-dose
buprenorphine, high-dose IV heroin + methadone, high-dose methadone, high-dose
naltrexone, low-dose buprenorphine, low-dose methadone, low-dose naltrexone implant,
low-dose oral naltrexone, low-dose Suboxone® and placebo. Heroin also showed
significant benefit when directly compared against methadone for reducing illicit
substance use and addiction severity, as well as improving personal/social functioning
and general physical health outcomes. The qualitative summary in Study 5 revealed
higher doses of any opioid medication (e.g. methadone, buprenorphine), even when
compared within the same intervention (e.g. high vs. low dose methadone) showed

benefit across most outcome domains (e.g. substance use, personal/social function).

These findings are not without limitation, particularly the problems with outcome
selection for the majority of studies evaluating heroin as a treatment for addiction.
Outcomes selected for these trials were guaranteed to show improvement and calls into
question the real effectiveness of heroin treatment, or possibly the appropriateness of the
outcomes we are using. These methodological shortcomings highlight the need for new
assessment strategies for opioid addiction treatment. Future efforts should target more
objective assessments for treatment effectiveness. Evaluating long-term follow-up using
administrative data-linkage for trial participants is both novel and feasible for assessing
large samples of addiction patients. Hard long-term outcomes such as incidence of

hepatitis, HIV, cardiovascular abnormalities, and mortality require further attention.

Notwithstanding the problems associated with selecting outcomes for heroin specific
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studies, the sheer volume of outcomes (k=77) assessed across the 60 trials highlighted the
lack of consensus as to what outcomes matter for determining success in addiction
patients. Moving forward, Study 4 and Study 5 highlight the important limitations in the

evidence as well as provide insight into the future directions needed to improve the field.

8.3 Future Directions

Providing clinicians with information on the distinguishing risk factors for high-risk
opioid consumption is imperative for enhancing the management of addictive disorders.
Before designing a proper trial to evaluate optimal therapies for patients with comorbid
pain, it will be useful to determine patient important outcomes in the field of addiction
medicine. What best captures successful treatment outcomes for patients with addiction?
Is it opioid use behavior? Employment? Family conflict? These questions can be feasibly

evaluated in a large cohort of addiction patients.

Secondly, we need to determine how to best manage OST patients with chronic pain.
Recognizing opioid addiction is a multifaceted disorder, future research may wish to
explore targeting psychosocial interventions as adjunct therapies for OST patients with
comorbid pain. After demonstrating the serious risks associated with managing pain
among OST patients, treatment approaches such as anti-inflammatory medications may

aid as safe alternatives for MMT patients with comorbid pain.

Thirdly, it is important we identify measures that are no longer useful for evaluating the
impact of pain on substance use behaviour. As demonstrated in Study 3, the BPI provide

a pain classification that is prognostically irrelevant for distinguishing high-risk opioid
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use. Future research may wish to develop and properly validate a new pain measure

specific for opioid addiction patients.

8.4 Concluding Remarks

Chronic pain is highly prevalent among patients with opioid addiction. This may be
directly related to the unprecedented rise in prescription opioid use in North America.
Even more important than the notable presence of pain in the addiction setting are the
effects of pain in patients receiving OST. Pain is demonstrated to negatively impact
treatment effectiveness, posing a serious risk for adverse events among patients receiving
OST. While no specific OST is demonstrated superior for managing patients with
comorbid pain and addiction, more work evaluating patients’ response to different OSTs
is required before we can reach such firm conclusions. Notably absent from the literature
are studies evaluating pain among patients with opioid addiction receiving Naltrexone.
From a lack of consensus on patient important outcomes to concerns about the prognostic
value of different pain measurements, we have yet to determine the most appropriate
therapy for patients with comorbid pain. However, what we have established is 1) patients
with chronic pain respond different to therapy and have elevated inflammatory markers,
3) choice of pain measurement can seriously impact the study findings and should be
considered when evaluating the evidence, 4) directly inquiring into patients experience of
pain using a simple self reported question distinguishes patients at risk for dangerous
opioid use behavior, 5) overall the presence of pain negatively impacts patients' response
to OST across multiple domains including psychiatric, physical health, and substance use

behavior , 6) heroin therapy improves treatment retention in the general population of
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patients with addiction receiving OSAT, and 7) investment into future research
concerning patient important outcomes will help untangle some of the major issues in the

field of addiction medicine.

The complex nature of addictive disorders prevents us from developing a one-stop
solution for opioid dependence. It is important to recognize the literature is building and
findings from this work only pave the way for future research. First establishing what
outcomes we should judge treatments effectiveness by is required before we can firmly
evaluate the effects of pain. Findings from this study require we probe into patients’
physical pain history and monitor those reporting pain more closely. While we have not
demonstrated effectiveness for any adjunct therapies for patients with comorbid pain and
addiction, this may be a useful area of future research. Additional counseling, intense
urine drug screen monitoring, or even the use of anti-inflammatory medications are all

possible alternatives for patients with opioid addictions and pain receiving OST.
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Background: Chronic pain is the most commonly reported comorbidity among patients
with opioid addiction receiving methadone maintenance treatment (MMT), with an estimated
prevalence ranging between 30% and 55%. Evidence suggests that patients with comorbid pain
are at high risk for poor treatment response, including continued illicit substance use. Due to
the important relationship between the presence of pain and illicit substance abuse within the
MMT setting, it is imperative that we target our efforts toward understanding the characteristics
of this patient population.

Methods: The primary objective of this study was to explore the clinical and inflammatory
profile of MMT patients reporting comorbid pain. This multicenter study enrolled patients
(n=235) on MMT for the treatment of opioid dependence. Clinical history and blood and urine
data were collected. Blood samples were obtained for estimating the serum levels of inflam-
matory markers (tumor necrosis factor [TNF]-c, interleukin-1 receptor antagonist [IL-1ra],
IL-6, IL-8, IL-10, interferon [IFN]-y and chemokine (C—C motif) ligand 2 [CCL2]). The study
objectives were addressed using a descriptive statistical summary and a multivariable logistic
regression model constructed in STATA version 12.

Results: Among the participants eligible for inclusion (n=235), serum IFN-y level and sub-
stance abuse behavior proved to be important delineating characteristics for the detection of
comorbid pain. Analysis of inflammatory profile showed IFN-y to be significantly elevated
among patients reporting comorbid pain (odds ratio [OR]: 2.02; 95% confidence interval [CI]:
1.17, 3.50; P=0.01). Patients reporting comorbid pain were also found to have an increase in
positive opioid urine screens (OR: 1.02; 95% CI: 1.00, 1.03; P=0.01), indicating an increase
in illicit opioid consumption.

Conclusion: MMT patients with comorbid pain were shown to have elevated IFN-y and higher
rates of continued opioid abuse. The ability to objectively distinguish between patients with
comorbid pain may help to both improve the prediction of poor responders to MMT as well as
identify treatment approaches such as anti-inflammatory medications as safe alternatives for
MMT patients with comorbid pain.

Keywords: methadone maintenance treatment, inflammatory markers, TNF-o., IFN-y, inter-
leukins, CCL2, Brief Pain Inventory, opioid dependence

Introduction

Attention toward improving treatments for opioid dependence is increasing in
conjunction with efforts to control the abuse of opioids. These efforts are seriously
challenged by the increase in opioid prescriptions worldwide, and the global population
of opioid users is now estimated to be 21.9 million people.! Methadone — a synthetic
opioid — is the most common treatment for opioid dependence.” It is given to alleviate
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the symptoms of withdrawal and prevent relapse.? Studies
examining patients on methadone maintenance treatment
(MMT) report chronic pain as a common comorbid disorder,
with prevalence ranging from as low as 37% in some studies®
to as high as 55.3% in others.* Chronic pain is both prevalent
and concerning for patients with opioid addiction. Patients
with comorbid chronic pain report a higher incidence of
continued opioid abuse (COA).*>¢ Concomitant use of illicit
opioids in combination with MMT poses a serious risk of
abnormal cardiac conductivity,”® overdose,”!® and death.’
MMT patients with comorbid chronic pain are thought to be
in the highest risk category for such adverse events due to
the larger amount of illicit opioid consumption that chronic
pain patients report.>>¢ Such reported outcomes, in com-
bination with the high reported prevalence of pain, dictate
the need for further investigation into the characteristics
and treatment effects of pain in patients with opioid use
disorder. Determining the important delineating features of
pain among MMT patients will help clinicians to develop
a stronger understanding of the clinical profile and risks
associated with comorbid pain.

Inflammatory profile is a recent development in the
search for objective measures of pain and serves as a pos-
sible source of discrimination between patients with and
without chronic pain. Both cytokines and chemokines
operate as neuromodulators, regulating neuroinflammation
and neurodevelopment.!! The deregulation of cytokines and
chemokines is associated with both neuroinflammation and
neurodegeneration,'>!3 and any increase in neuroinflammation
can result in neuropathic pain as well as inflammation.'#1¢
Proinflammatory cytokines and chemokines have been
noted to also provoke hyperalgesia.'”!'® One such study
demonstrated a dose—response relationship between elevated
cytokine levels (interleukin [IL]-1pB, IL-2, IL-6, interferon
[IFN]-y, and tumor necrosis factor [TNF]-o) and chronic
pain severity.'® However, this study was restricted by a small
sample size (94 patients with pain and six healthy controls),
wherein most cytokines failed to reach significance after
adjusting for multiple testing.'®

Due to the important relationship between the presence of
pain and illicit substance abuse, as well as the overwhelming
presence of pain within the methadone setting, it is imperative
that we target our efforts toward understanding the charac-
teristics of this patient population. Understanding pain is not
only important in preventing adverse health outcomes for
patients, it is vital for reducing social expenditure on treat-
ments that may stand ineffective for specific subpopulations.
The studies examining the characteristics of chronic pain are

small in number and marked by inconsistent findings. There
are an equal number of studies reporting a positive associa-
tion between chronic pain and COA3* as those reporting no
significant findings.'** Moreover, we have yet to properly
identify the mechanisms of pain among MMT patients. These
shortcomings prompted us to commence a sizable investiga-
tion of MMT patients to address our primary research objec-
tive, namely, to explore the clinical and inflammatory profile
of MMT patients reporting comorbid pain. We addressed our
objective using data collected for the GENetics of Opioid
Addiction (GENOA) research collaborative.?! GENOA is
a multicenter cross-sectional investigation, accomplished
through the partnership between McMaster University and
the Ontario Addiction Treatment Centres (OATC).?!

Methods

Overview of GENOA

Data have been collected for this study from the GENOA
research collaborative between the OATC — the largest
MMT network of opioid dependence treatment centers in
North America — and the Population Genomics Program
in the Faculty of Health Sciences at McMaster University.
The detailed methodology of the GENOA investigation has
been described previously.?! The GENOA study is a multi-
center cross-sectional analysis, which includes clinical data
from four sites (methadone clinics) in southern Ontario.
Participants were enrolled in the study between June and
December 2011. The Hamilton Integrated Research Ethics
Board approved this study.

The study inclusion criteria were as follows: men and
women, age =18 years, ability to provide informed consent
and willingness to provide a blood sample and receiving
methadone for opioid-dependence treatment. All study par-
ticipants were diagnosed with opioid dependence according
to Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition criteria, based on clinical interviews at the
time of entry into treatment with methadone. This study will
focus on the data collected from 235 MMT patients (Figure 1),
investigating the relationship between self-reported comor-
bidities and methadone response. Information on participants’
physical comorbidities was gathered from face-to-face clinical
interviews performed by trained OATC nurses. The presence
of chronic and/or comorbid pain was determined by asking
patients to respond to the following question: “Are you cur-
rently experiencing or have been diagnosed with chronic
pain?” The use of this question to define chronic pain cases
has been validated against the Brief Pain Inventory (BPI)
in a previous study (Dennis et al, unpublished data, 2014).
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Preliminary screening for GENOA:

the treatment of opioid addiction

men and women, age 218 years who are able to provide
written informed consent, on substitute opioid therapy for

v

260 participants screened

A

Resulted in 255 participants

5 participants excluded for duplicate enrollment

A 4

7 participants excluded for buprenorphine

y

Resulted in 248 participants

prescription (non-methadone patients) or other
opioid prescriptions

A 4

3 participants excluded for not providing

A 4

Resulted in 245 participants

blood samples

10 participants with outlier observations for

A4

dose (mg/day) or BMI were excluded

Total number of participants eligible for
inclusion into the analysis n=235

Figure | Flow diagram for eligibility screening and participant selection.
Abbreviations: GENOA, GENetics of Opioid Addiction; BMI, body mass index.

Results from the validation suggest that simply asking patients
whether they have pain shows an 88.8% specificity, 84.4%
positive predictive value, and C-statistic of 0.69. COA was
determined through the assessment of weekly urinalysis for
illicit opioid testing. Pain was also examined in relationship
to the following inflammatory markers: TNF-o., IL-1 receptor
antagonist (IL-1ra), IL-6, IL-8, IL-10, IFN-y, and chemokine

(C—C motif) ligand 2 (CCL2) in serum. Evidence shows that
different anticoagulants (such as ethylene diamine tetraacetic
acid, present in blood collection tubes) influence absolute
cytokine levels in various manners®?2* because serum samples
were used in preference to plasma.

Interviewers obtained weight and height measurements
from all participants. Information on social demographic
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factors, medical history, methadone dose, methadone treat-
ment duration, family history of drug use, and psychiatric
disorders were obtained during the interview process. All
participants received the Mini International Neuropsychi-
atric Interview drug and alcohol modules. Blood samples
were taken for estimation of serum levels of inflammatory
markers. Participant blood specimens were processed within
2 hours and stored on site in —20°C freezers, then shipped
monthly to the Hamilton research laboratory, and stored in
liquid nitrogen until the time of analysis.

Laboratory analyses

Laboratory measures included urine toxicology screens to
measure illicit opioid abuse and Bio-Plex™ (Bio-Rad Labo-
ratories, Hercules, CA, USA) cytokine assay® to measure
serum inflammatory markers.

Urine analysis

Qualitative and semiquantitative urinalysis was conducted
using iMDX™ Prep assay.?® The iMDx™ Prep assays are
intended for the measurement of drugs of abuse, as well as
the identification of adulteration in human urine samples,
on the iIMDx™ Analyzer and are used in drug rehabilitation
clinics and physician offices by trained users. OATC clinics
require patients to provide weekly urine samples as part of
routine clinical care. While participants are also tested for
cocaine, tetrahydrocannabinol, and benzodiazepines, we are
primarily interested in the patients’ use of opioids. Using the
iMDx™ Prep assays, we are able to differentiate between
specific types of opioids, such as naturally occurring opioids
(heroin), prescribed synthetic opioids, and methadone.?® In
this investigation, opioid use is an indicator for methadone
response. Because methadone is not used for the treatment
of benzodiazepine or cocaine addiction, a patient’s contin-
ued use of these substances does not indicate a methadone
treatment failure. Urine toxicology screening was used to
determine whether opioids (natural and synthetic) were
present in the participants’ urine.

Participants provided urine samples at supervised facili-
ties; there were no missing urine samples from study partici-
pants. COA was determined by calculating the percentage of
positive opioid urine screens provided by participants (num-
ber of positive opioid urine screens/total number of opioid
urine screens). High COA percentage is indicative of a high
number of positive opioid urine screens or, alternatively, a
higher rate of illicit opioid consumption. We chose to include
a measure of continued opioid abuse that adjusts for the
entire duration of methadone treatment. Opioid dependence

is a remitting, relapsing disorder, and as such, restricting the
measurement of response to such a short time frame of the
patient’s overall treatment course is of limited use.

Serum levels of inflammatory markers:

Bio-Plex assay

Serum samples were collected from participants using BD
Vacutainer tubes and allowed to clot for 30 minutes. Samples
were centrifuged at 1,500 g for 15 minutes at room tem-
perature and the serum was frozen in liquid nitrogen until
further analysis.

Samples were thawed only once and 50 uL aliquots were
transferred to 96-well plates. Serum cytokine levels were
determined using the Bio-Plex assay (Bio-Rad Laboratories);
levels of IL-6, IL-8, IL-1ra, TNF-o, IFN-y, IL-10, IL-1f3, and
CCL2 were measured, and standard curves were generated as
per manufacturer’s instructions. The Bio-Plex Manager 6.0
software was used for data analysis. Cytokine measurements
were expressed as picograms per milliliter.

While IL-1B was originally tested for in all participants,
more than 50% of the samples were inconclusive. With such
a high proportion of data missing, we chose not to include
IL-1B in any analyses.

Statistical analysis

STATA version 12 was used to complete all analyses. All
study data have been quality checked and entered into the
Research Electronic Data Capture database at the Population
Genomics Program, McMaster University.

Multiple imputation using chained equations was
employed to adjust for missing data. Age, sex, COA, chronic
pain, and methadone dose (milligrams per day) were the
variables selected to aid in the multiple imputation prediction
of missing values. When running analyses of inflammatory
biomarkers, if the value was below detectable range, the low-
est value before detection cutoff was imputed. All data were
tested for normal distribution, where log transformations
were made when necessary. All outlier data were removed
before performing the primary analyses. To adjust for out-
lier variables, box plots were constructed for all predictors
included in each model using STATA version 12, these being
methadone dose, duration on MMT, age, body mass index,
and all inflammatory biomarkers. The box plots resulted in
the identification of ten outlier observations across predic-

tors (n =10). The inflammatory biomarkers proved to

participants
have an overwhelming number of outlier observations due
to their wide distribution, limiting our ability to adequately

remove them from the sample (Figure 2). However, we
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Figure 2 Distribution of inflammatory biomarkers.

Notes: Cytokine data provided in this figure were originally measured in picograms
per milliliter using participants’ serum samples; the distribution here is provided
using log-transformed values.

Abbreviations: IL, interleukin; IL-Ira, interleukin | receptor antagonist; TNF,
tumor necrosis factor; CCL2, chemokine (C-C motif) ligand 2; IFN, interferon.

acknowledge how sensitive inflammatory profiles are and
that currently no normal range has been established in the
MMT patient population.

We determined the appropriateness of our sample size
(n=235) to address our primary analysis, the multivariable
logistic regression of chronic pain. With response to treat-
ment (COA) as our primary independent variable, in addition
to eleven other a priori defined covariates, we determined
that our model could withstand the addition of 20 covariates
under the assumption that model stability is maintained with
ten to 12 observations per covariate. Within this model, we
have added 12 covariates, allowing for 20 observations per
covariate in our sample of 235.%” Reporting of this study fol-
lows the Strengthening of Reporting of Observational Studies
in Epidemiology (STROBE) guidelines.?

Primary analysis

All demographic characteristics are summarized using
descriptive statistics, reporting means and standard deviations
(SDs) for continuous values and percentages for dichotomous
values. All demographic characteristic data are presented by
pain status. A multivariable logistic regression model was
constructed to address our primary objective, determining
the clinical and inflammatory profile of patients reporting
comorbid pain, where self-reported pain was the binary
dependent variable. This model included multiple covari-
ates identified as or trending toward significance during the
univariate analysis (age, IFN-y, and response to treatment
[COA]). The model also adjusted for important confounding
variables, such as age, presence of inflammatory medications,

sex, presence of infectious disease, and methadone dose
(milligrams per day).

Results

Demographic characteristics of GENOA
participants

The recruitment process led to a completed sample of
249 participants eligible for this study. Any participants
reporting prescribed opioids in their current medication list
were removed from any analyses, leaving us with a sample of
235 MMT patients. A flow diagram of participant screening
and selection is presented in Figure 1.

Among the participants eligible for inclusion into the
analyses (n=235), 40.42% were female, with mean age of
36.82 (SD: 10.36) years and mean body mass index 0f 26.59
(SD: 5.46) kg/m?. Participants self-reported the follow-
ing comorbidities: 0.43% human immunodeficiency virus
infection, 22.98% hepatitis, 5.11% liver disease, 24.68%
chronic pain, 2.13% epilepsy, and 23.40% other, with a
total of 58.40% of participants reporting at least one of
the aforementioned comorbidities. When asked to indicate
any “other” physical comorbidities, participants’ responses
included the following: diabetes (n=8), cardiac functioning
abnormalities and stroke history (n=7), hypertension (n=3),
high cholesterol (n=1), neurological deficit (n=2), Crohn’s
disease (n=4), asthma (n=_8), renal functioning problems
(n=2), gall stones (n=3), fibromyalgia (n=1), thyroid abnor-
malities (n=3), arthritis (n=5), respiratory problems (n=2),
allergies (n=3), hernia (n=1), gout (n=1), spondylitis (n=1),
and endometriosis (n=1). Reporting of these “other” comor-
bidities did not vary between patients with and without pain.
All participants’ demographic information presented by pain
status is summarized in Table 1.

Clinical and inflammatory profile of MMT

patients with comorbid pain

The demographic characteristics summarized in Table 1
suggest that participants reporting pain are similar in demo-
graphic and clinical profiles to participants without pain.
We find age, methadone dose (milligrams per day), sex,
treatment duration (months), and onset age of opioid abuse
to be relatively the same across patient groups (Table 1).
A distinct aspect of the clinical profile for patients with pain
is noted in the significantly different treatment response rates
across groups. Another distinction between patients with
and without pain is their inflammatory profile, whereby we
found participants with pain to have elevated IFN-v, trending
toward significance.
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Table | Participant demographic characteristics (divided by pain status) (n=235)

Comorbid No comorbid P-value
pain (n=58) pain (n=177) (univariate
analysis)
Demographic characteristics

Female (%) 41.38 40.11 0.90
Mean age (years) 39.45 (£10.29) 35.95 (£10.26) 0.02
Mean BMI (kg/m?) 27.46 (£5.08) 26.31 (£5.56) 0.15
Mean methadone dose (mg/d) 84.64 (£51.51) 85.74 (£50.14) 0.76
Mean response to MMT (mean % opioid-positive 23.99 (£27.14) 15.82 (£20.11) 0.02
urine screens)

Duration on MMT (months) 41.31 (£38.99) 38.25 (+42.79) 0.61
Mean onset age of opioid abuse 23.21 (£11.28) 23.16 (18.61) 0.98
Patients with HIV (%) 0.00 0.56 Unable to determine
Patients with hepatitis (%) 29.31 20.90 0.22

Inflammatory profile

IL-10 115 (£1.14) 1.16 (£1.28) 0.86

IL-8 1.55 (+0.67) 1.56 (+£0.76) 0.97
CCL2 3.25 (£0.60) 3.14 (£0.57) 0.26
IL-1ra 2.96 (+1.30) 2.96 (+1.33) 0.92

IL-6 1.35 (£0.72) 1.30 (+0.85) 0.62
IFN-y 2.78 (+0.89) 2.55 (+0.89) 0.08
TNF-o 2.25 (£0.77) 2.20 (+0.80) 0.69

Notes: All inflammatory biomarker concentrations have been log-transformed for this table (originally measured as picograms per milliliter). These are the results for
the 235 participants eligible for study inclusion; outliers identified for BMI and methadone dose were removed for regression models (n=10). Data are presented as mean

(* standard deviation).

Abbreviations: MMT, methadone maintenance treatment; IL, interleukin; IL-Ira, interleukin | receptor antagonist; BMI, body mass index; TNF, tumor necrosis factor;
CCL2, chemokine (C-C motif) ligand 2; HIV, human immunodeficiency virus; IFN, interferon.

We chose to construct a multivariable logistic regression
model to further assess these associations using patient-
reported pain as our outcome of interest. Regression models
allow the assessment of association between factors while
also adjusting for other important confounders. Using results
from the univariate analysis to guide our selection of covari-
ates, we included COA (treatment response) and IFN-y as
our primary independent variables. We adjusted this model

for presence of inflammatory medications, sex, presence of
infectious disease, and methadone dose (milligrams per day).
The results from the multivariable regression model are
summarized in Table 2. Results suggested IFN-y to be sig-
nificantly elevated among patients reporting chronic pain,
while adjusting for important covariates (odds ratio [OR]:
2.02; 95% confidence interval [CI]: 1.17, 3.50; P=0.01). The
results also suggest that patients reporting comorbid pain

Table 2 Clinical and inflammatory characteristics of comorbid pain: a multivariable logistic regression model (n=235)

Covariates Odds ratio 95% Confidence interval P-value
Age (years) 1.03 0.99, 1.06 0.08
Sex 1.08 0.56, 2.07 0.82
Response to MMT (% positive opioid urine tests) 1.02 1.00, 1.03 0.01
Infectious disease status 1.40 0.65, 3.00 0.38
Methadone dose (mg/d) 1.00 0.99, 1.01 0.94
Presence of inflammatory medications 1.26 0.41, 3.92 0.69
TNF-a 0.69 0.37, 1.30 0.25
IFN-y 2.02 1.17, 3.50 0.0l
IL-6 1.18 0.60, 2.32 0.63
IL-1ra 0.84 0.51, 1.37 0.49
CCL2 1.60 0.88, 2.88 0.12
IL-8 0.73 043, 1.21 0.22
IL-10 1.0l 0.69, 1.48 0.97

Notes: Sex is interpreted as female, in reference to males. Infectious disease status was a binary measure of the presence of HIV and/or hepatitis. All cytokine measurements
have been log-transformed, and the original measurements were in picograms per milliliter.
Abbreviations: MMT, methadone maintenance treatment; IL, interleukin; IL-1ra, interleukin | receptor antagonist; TNF, tumor necrosis factor; CCL2, chemokine (C-C

motif) ligand 2; HIV, human immunodeficiency virus; IFN, interferon.
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have an increase in positive opioid urine screens (OR: 1.02;
95% CI: 1.00, 1.03; P=0.01), indicating an increase in illicit
opioid consumption.

Discussion

Summary of findings

Considerations of pain in the clinical setting for patients on
MMT for opioid dependence are complicated by the incon-
sistent findings reported across studies. While some studies
appear to be reporting a strong association between chronic
pain and substance abuse among MMT patients,*® other stud-
ies report no association.!*? There is also limited research
on the inflammatory characteristics of pain patients within
the MMT setting. Results from this investigation provide a
thorough evaluation of the clinical and inflammatory charac-
teristics of opioid-dependent patients with pain, wherein we
show that 1) response to MMT is significantly influenced by
the presence of pain and 2) MMT patients reporting chronic
pain show elevated levels of IFN-y.

Context of comorbid pain and opioid

abuse in the current literature

MMT patients with severe pain are known to have increased
methadone dose* and an increased rate of illicit substance
use.* Findings from this study are consistent with some of
those in literature,>* where response to treatment was highly
associated with chronic pain status. When determining the
source of contention across studies examining pain and
opioid abuse, we took a closer look at the differences in
measurement and definition of response to MMT. While in
this study we chose to use the percentage of opioid-positive
urine screens as an objective proxy outcome measure for
response to methadone treatment, other studies report
response to treatment as the number of days of illicit heroin
or opioid abuse in the previous month>* or the percentage
of patients who report using illicit opioids in the month.>%
In addition, a number of studies rely on different measure-
ments for response such as self-report,**!? and some studies
go so far as using validated tools to assess the severity of
substance abuse behavior.>?

In comparison to our investigation, the majority of clini-
cal studies assess response to treatment over a very short
time frame (7 days to 3 months).***?* It is known that opioid
dependence is a chronic, remitting, relapsing disorder, with
the average methadone treatment duration being 2 years.
As such, capturing “response” over a short time frame of
a patient’s overall treatment course appears of limited use.
Determining response to MMT by reviewing patients for the

entire duration of MMT appeals as a more adequate approach
for characterizing the course of and patient response to
methadone. In this study, we looked at the number of positive
opioid urine screens as a percentage of the total number of
screens in an effort to adjust for these duration effects, which
may explain why our results may differ from studies basing
treatment response on a shorter time frame (ie, 7-9 days).*
Similar to the measurement of response, the measurement
of chronic pain also varies across studies. This variation
may also be a source of discrepancy in the reported findings
in the current literature. The measurement of pain varies
from validated pain measures in some studies®*?° to the use
of self-reported pain in others.®" Even results from studies
selecting “validated” pain measures such as the BPI* should
be interpreted with caution, for no pain measurement tool
has undergone specific psychometric testing or predictive/
criterion validation within the MMT patient population.

Inflammatory profile and comorbid pain
Our results have shown IFN-y to be elevated among MMT
patients reporting comorbid pain. The role of IFN-y in pain
can be inferred from animal studies in which IFN-y is noted
to induce pain.*® Tsuda et al** found that the IFN-y receptor
mediates spinal microgilia activation, ultimately leading to
neuropathic pain.** When the spinal microglia is activated,
it increases pain processing inside the dorsal horn to a
significant level that triggers neuropathic pain.’'>3* This is
one of the mechanisms by which inflammation causes and
propagates pain.

Our findings are consistent with other studies, where
IFN-yis elevated during periods of pain.'®* In one investiga-
tion, 21 patients with lumbar degenerative disc disease were
compared against three controls, for inflammatory profile
differences, where the authors identified immunoreactivity
of IFN-y in patients with axial back pain.*> Another study,
examining 94 chronic pain patients and six healthy volun-
teers, found that proinflammatory cytokines such as IL-1[3,
IL-2, IL-6, IFN-y, and TNF-o correlated with increasing pain
intensity.'® In addition, proinflammatory cytokines have been
demonstrated to directly oppose opioid actions, and one study
has demonstrated that an increase in morphine and methadone
administration is directly linked to an increase in spinal glial
activation as well as elevated cytokine level.*

To date, no study has explored the association between
comorbid pain and inflammatory profile within the MMT
patient population. This investigation showed the significant
association between elevated IFN-y level and the presence
of chronic pain. The importance of these results rests on
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our understanding of treatment strategies for patients with
concurrent opioid dependence and chronic pain. The ability
to objectively distinguish between patients with comorbid
pain through the identification of IFN-y may be able to help
distinguish treatment approaches such as anti-inflammatory
medications as a safe alternative to opioid analgesics in this
patient population.

Strengths and limitations

The major limitation of this study is the use of self-reported
chronic pain. The true prevalence of pain could have been
under- or overestimated. Without the use of a validated pain
assessment for opioid-dependent patients receiving MMT,
the reported results should be subject to cautious interpreta-
tion. However, in a recent study, we have validated the use of
patient-reported pain in comparison with the BPI assessment,
where results suggest that simply asking patients whether
they have pain shows an 88.8% specificity, 84.4% positive
predictive value, and C-statistic of 0.69. Such results indicate
that the use of patient-reported pain very closely identifies
the same population as the BPI assessment. In addition, we
should not discount the use of more objective markers for
reported pain. This study found elevated levels of inflamma-
tory markers, supporting the case for both the use of objective
pain indicators and consideration of anti-inflammatory agents
as adjunct therapy for MMT patients.

Conclusion

While our study shows a significant association between pain
and poor response to MMT, it also proves the importance of
determining an objective measure of inflammation for MMT
patients with comorbid pain. We determined that pain is
significantly associated with an increase in positive opioid
urine screens, as well as a substantial elevation of IFN-v. In
an effort to adequately manage patients at an increased risk
for methadone overdose and poor response, future research
should determine the therapeutic impact of using anti-
inflammatory analgesics to prevent the use of illicit opioids
and reduce pain in opioid-dependent patients on MMT.
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Abstract

Background: The consequences of opioid relapse among patients being treated with opioid substitution treatment
(OST) are serious and can result in abnormal cardiovascular function, overdose, and mortality. Chronic pain is a major risk
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Background

Chronic non-cancer pain is a serious comorbidity impact-
ing the lives of over 95 million people, an estimated 30.7%
of the US population [1]. Chronic pain is defined as pain
lasting longer than 3 months or past the standard time for
tissue to heal [2]. Front-line treatments include the pre-
scription of long-acting opioids, although there is minimal
evidence to suggest that opioids provide any long-term re-
lief for chronic pain [3]. Trends in current prescribing
practice suggest that the rise in prescription opioid use [4]
has been paralleled by a concerning increase in opioid-
related deaths, addiction, and medication diversion [5-9].
Opioids are highly liable for misuse, which is evident from
the reported incidence of addiction, ranging from 3.2% to
27% among the chronic pain population [10].

While methadone is employed in the management of
chronic pain, its most common use is in the treatment of
opioid addiction [11], known formally as methadone
maintenance treatment (MMT). Under the supervision of
addiction specialists, methadone (a synthetic opioid) is
prescribed to alleviate the symptoms of withdrawal and
prevent relapse [11]. Within the addiction population be-
ing treated with methadone, chronic non-cancer pain is
the most commonly reported comorbidity, with an esti-
mated prevalence ranging from 37% to 55.3% [12-14].

The intersection between pain management, opioid
dependence, and addictive behavior inflates the chal-
lenges of treating both addiction and chronic pain. In
addition to psychiatric disturbance and inadequate social
support, chronic pain is known to be one of the greatest
risk factors for opioid relapse within the methadone setting
[15,16]. These effects are argued to be the result of opioid-
induced hyperalgesia, characterized as a status of height-
ened nociceptive sensitization caused by opioid exposure
[17]. This effect has been demonstrated repeatedly, whereby
patients with non-cancer chronic pain taking methadone
showed increased hyperalgesic response (assessed by cold
presser test but not stimulus) in comparison to their
placebo-matched controls [17,18].

The risk for abnormal cardiovascular function [19,20],
overdose [21,22], and mortality [21] is highest among pa-
tients abusing opioids in combination with MMT. Classify-
ing chronic pain as a risk factor for continued opioid abuse
[12,15,16,23] calls to question which addiction treatment is
most appropriate for patients with comorbid pain. There
exist a number of opioid maintenance therapies including
methadone, buprenorphine, naltrexone, and levomethadyl
acetate (LAAM), of which the mediating effects of pain on
treatment attrition, substance use behavior, and social
functioning may differ across therapies.

Is chronic pain an important mediating factor when
evaluating patient response to opioid addiction treat-
ment? Which opioid maintenance therapy is best for im-
proving physical, psychiatric, and substance use behavior
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outcomes in patients with opioid addiction and chronic
pain? We aim to evaluate these questions using evidence
gathered from all studies evaluating chronic pain in the
opioid addiction patient population. The lack of current
summary of evidence evaluating the mediating effects of
pain suggests that our current effort to combine the evi-
dence will serve to 1) distinguish the best therapy for
opioid addiction patients with comorbid pain and 2) en-
able clinicians to tailor treatments based on an import-
ant and highly prevalent risk factor.

Objectives

We aim to 1) evaluate the impact of comorbid chronic
non-cancer pain on all opioid addiction treatment out-
comes reported in the literature including treatment re-
tention, illicit substance-use behavior, as well as physical
and psychiatric symptoms, 2) determine how different
opioid maintenance treatments compare in their effect-
iveness for patients with comorbid chronic non-cancer
pain, 3) provided the data are suitable, combine the evi-
dence from direct and indirect comparisons using net-
work meta-analysis, and 4) identify the most recently
published opioid maintenance treatment guidelines from
the United States, Canada, and the UK to determine
how the evidence is being translated into clinical prac-
tice for addiction management.

Research questions

1.1Among patients with opioid addiction being treated
with (or randomized to) opioid substitution
treatment (OST): 1) does chronic non-cancer pain
interfere with the effect of OST, and 2) which OST
is best for improving treatment response for patients
with comorbid chronic non-cancer pain? We will
evaluate response across multiple outcome domains
including: substance use behavior, physical health,
psychiatric symptoms, as well as personal and social
functioning.

1.2Do the most recently published United States,
Canadian, and United Kingdom OST clinical
practice guidelines capture and properly translate
the evidence obtained from the studies evaluated in
this review?

Methods/design

Systematic review methods

Inclusion and exclusion criteria

To be included in this review, the study must evaluate
the impact of chronic pain on patient’s response to opi-
oid addiction treatment. The study must have provided
a comparison of response to treatment outcomes (for
example, continued opioid abuse, general physical
health) between patients with and without chronic pain.
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We also require the studies to have evaluated patients
on an OST for opioid addiction. We will not place any
restrictions on the types of OST or measurement of
chronic pain. All study designs will be accepted into this
review, (that is, randomized controlled trials, observa-
tional studies, or qualitative studies). No restrictions
were placed on socioeconomic, geographic, or ethnic
backgrounds of participants for this review.

To be eligible for inclusion, all studies must be pri-
mary (original research in patients with pain, no second-
ary reporting), completed (no interim analyses will be
allowed in this review), and performed in a human
population.

Outcome measures

The primary outcome in this review is illicit opioid use,
which can be measured in various ways including urine
toxicology screening or self-report. We anticipate many
definitions and measurements of opioid use. For ex-
ample, some studies measure opioid use behavior as the
number of days of opioid use in the last month, while
others report the mean number of positive opioid urine
screens or days until opioid relapse. We will accept any
definition or measurement of illicit opioid use, provided
the study performs an analysis comparing opioid use be-
havior based on patients’ chronic pain status. We will
also abstract data on all other efficacy end-points includ-
ing non-opioid substance abuse, general physical health,
psychiatric symptoms, personal and social functioning,
intervention adherence (for example, treatment reten-
tion, dropout rate), resource utilization (for example,
hospital admissions) as well as treatment preference.
However, short-term outcomes (initial dosing, initial re-
sponse in a period of <3 weeks, or early detoxification
response) will not be evaluated.

Data sources and search strategy
We will perform an electronic search using the Medline,
EMBASE, PubMed, PsycINFO, Web of Science, Cochrane
Database of Systematic Reviews, ProQuest Dissertations and
theses Database, Cochrane Central Register of Controlled
Trials (CENTRAL), World Health Organization Inter-
national Clinical Trials Registry Platform Search Portal,
and the National Institutes for Health Clinical Trials
Registry. In addition, the reference lists of all Cochrane
reviews addressing this topic will be reviewed. We will
use the Cochrane reviews to validate our own searches
of databases and ensure that we have captured the rele-
vant articles in our field. This supplementary search will
be applied to Cochrane reviews since they are consid-
ered the gold standard in systematic reviews.

We will use a comprehensive search strategy tailored for
each database. Please refer to Table 1 for an outline of the
search strategy. We consulted a McMaster University
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Faculty of Health Science librarian as needed throughout
the design and investigation phases of the study. The
search will be restricted to human studies. Our search will
not be restricted to the published literature. We acknow-
ledge that studies in the unpublished literature may not be
subject to the same scrutiny as the investigations published
in peer-reviewed journals. However, the unpublished litera-
ture meeting the inclusion criteria will still be subject to
the same rigorous risk of bias assessment as all studies in-
cluded in this review. To ascertain the gray literature, we
will perform a search using the ProQuest Dissertations and
theses Database. The title, abstract, and full-text screening
will be performed in duplicate by two independent re-
viewers (Dennis, B and Bawor, M).

Selection of studies
Two independent reviewers will screen titles and ab-
stracts and potentially eligible full-text articles using pre-
defined inclusion criteria. Any disagreements or
variability between reviewers will be resolved by discus-
sion. If discussion does not lead to a resolution, a third
author (Samaan, Z) will be consulted and have the final
judgment over the disputed article. We will calculate
and report the kappa statistic for each stage (title, ab-
stract, full-text) of screening to display the level of agree-
ment between reviewers.

This review will be reported in accordance with the
PRISMA guidelines [24]. The review will include a flow
diagram (Figure 1) of the article screening process.

Data abstraction
The two authors (BD and MB) will independently ex-
tract data from the studies using a pre-established data
extraction form (DEF), which is available upon request.
All study information will be recorded onto the DEF and
later entered onto an electronic Microsoft Excel sheet.
The independent reviewers will extract all eligible stud-
ies in duplicate. Similar to the methods for disagreement
resolution during the title and abstract screening, the in-
dependent reviewers will first discuss the disagreements
they have during the data abstraction. When discussion
does not lead to a resolution, a third reviewer (Samaan, Z)
will provide the final decision over the disagreement.
Information extracted during the data abstraction will in-
clude author, date of publication, journal of publication,
number of study participants, type of population (clinical,
incarcerated, pregnant), eligibility criteria, OST(s), OST
dose (by chronic pain status), definition of chronic pain,
identification of primary outcome, definition of response
outcome(s), measurement of chronic pain, measurement
of response outcome(s), percentage/number of participants
with chronic pain, statistical analysis performed, study find-
ings, overall statistical findings, factors associated with
treatment response (if reported), and author’s conclusions.
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Table 1 Electronic search strategy for the identification of relevant studies across multiple databases

Databases Search strategies

MEDLINE Search=___ 1. substance related disorders.mp. or Substance-Related Disorders/
2. opioid related disordersmp. or Opioid-Related Disorders/
3. Opioid-Related Disorders/or Methadone/or Analgesics, Opioid/or Heroin Dependence/
4.1or2or3
5. methadone.mp. or Methadone/

6. Opiate Substitution Treatment/or Naloxone/ or Buprenorphine/or Opioid-Related Disorders/
or Narcotic Antagonists/

7. buprenorphine.mp. or Buprenorphine/
8. naltrexone.mp. or Naltrexone/

9. Substance Abuse Treatment Centers/or Heroin/or Heroin Dependence/or Opioid-Related
Disorders/or Randomized Controlled Trials as Topic/or Methadone/

10. opioid substitution treatment.mp. or Opiate Substitution Treatment/

11. Buprenorphine/or Analgesics, Opioid/or Opioid-Related Disorders/or Methadone/or
Heroin Dependence/

12.50r60r7or8or9or10or11orl2
13. chronic pain.mp. or Chronic Pain/
14.4 and 13 and 4

15. limit 15 to humans

Web of Science Search = 1. Topic = (‘methadone” OR “methadone maintenance therapy” OR “naltrexone” OR
“suboxone” OR “buprenorphine” OR “heroin assisted treatment”)

2. Topic = (“opioid dependence” or “addiction”)
1. Topic = (“chronic pain” OR “pain” OR “opioid induced hyperalgesia”)
2.1 AND 2 AND 3

EMBASE = 1. methadone treatment/or methadone.mp. or methadone/or methadone plus
naloxone/

2. heroin dependence/or maintenance therapy/or methadone/or opiate addiction/or
diamorphine/or methadone treatment/

3. buprenorphine/or buprenorphine.mp.
4. naltrexone.mp. or morphine sulfate plus naltrexone/or naltrexone/
5. opioid substitution treatmentmp. or opiate substitution treatment/
6. methadone/ or diamorphine/or heroin dependence/
7. levomethady! acetate.mp. or levacetylmethadol/
8.1or2or3or4or5or6or7
9. substance related disorder.mp. or addiction/
10. naltrexone/ or buprenorphine/or opioid addiction.mp. or methadone/
11.90r 10
12. chronic pain.mp. or chronic pain/
13.8and 11 and 12
14. limit 13 to human
PsychINFO Search=___ 1. exp Drug Therapy/or exp Methadone Maintenance/or exp Heroin Addiction/

2. exp Methadone/or exp Naloxone/or exp Drug Therapy/or exp Drug Dependency/or
buprenorphine.mp.

3. naltrexonemp. or exp Naltrexone/

4. exp Heroin Addiction/or exp Drug Rehabilitation/or exp Drug Dependency/or exp
Clinical Trials/

5. exp Drug Therapy/or exp Methadone Maintenance/
6.1or2or3or4or5
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Table 1 Electronic search strategy for the identification of relevant studies across multiple databases (Continued)

7. exp Drug Abuse/or substance related disorder.mp. or exp Drug Dependency/

8. substance abuse.mp. or exp Drug Abuse/

9.70r8

10. chronic pain.mp. or exp Chronic Pain/

11.6 and 9 and 10

Cochrane Library: Cochrane Review and Cochrane Central
Register of Controlled Trials =

Search title, abstract, keywords:

1. "methadone” OR “naltrexone” OR “buprenorphine” OR “opioid substitution treatment”
OR “levo-methadyl acetate” OR “heroin assisted treatment” OR “heroin substitution

treatment”

2. "substance abuse disorder” OR “opioid abuse” OR “substance-related disorder” OR
“opioid addiction”

3. “chronic Pain” OR “pain” OR "hyperalgesia” OR “neuropathic pain”

Clinical Trials Registry through National Institutes for
Health =

“methadone” OR “suboxone” OR “Buprenorphine” OR “substitute opioid therapy” OR
“naltrexone” OR “heroin assisted treatment” OR “heroin adjustment therapy” AND “opioid

addiction” AND “chronic pain”, with additional criteria including: Completed studies, all
trials had to be listed as Phase 3, 4

World Health Organization International Clinical Trials
Registry Platform Search Portal =

ProQuest Dissertations and theses Database =

"opioid addiction” OR ‘opioid substitution treatment’ OR ‘opioid maintenance treatment’
OR ‘methadone maintenance treatment” AND “chronic pain”

"opioid addiction” OR “opioid dependence” AND “pain” OR “Chronic Pain”

Assessment of methodological quality

Two independent reviewers will assess the methodo-
logical quality of the studies in duplicate using a modi-
fied Newcastle Ottawa scale for case-control and cohort
studies [25], the NIH National Heart, Lung, and Blood
Institute: Quality Assessment Tool for Cross-Sectional
Studies [26], and the Cochrane Risk of Bias Tool [27] for
randomized controlled trials. As mentioned above, any
discrepancies between the independent reviewers will
first be resolved by discussion; if discussion does not lead
to an adequate solution, a third reviewer (Samaan, Z) will
be brought in with the responsibility of resolving the
dispute.

All summary estimates obtained from meta-analysis will be
subject to evaluation using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
guidelines [28]. Provided the data are appropriate, sum-
mary statistics derived for direct and indirect estimates
using NMA will also be subject to assessment using the
GRADE framework [29].

Statistical analysis methods

The results of this systematic review will be reported in
a narrative and where possible, a combined statistical
manner. Agreement levels between the independent re-
viewers will be measured using the kappa statistic. Pro-
vided there is little heterogeneity between studies, we
plan to conduct a meta-analysis to derive a summary
statistic representing the combined statistical result of
multiple studies across our primary outcome (illicit

opioid use behavior) and secondary efficacy end-points.
As described previously [30], the lack of direct compari-
sons reported in the literature is a common problem
when combining the evidence from studies evaluating
OSTs. The majority of studies evaluate new therapies in
direct comparison to methadone or placebo, leaving us
to question the comparative effectiveness compared to
other OSTs. To circumvent this problem, we are propos-
ing using network meta-analysis (NMA) to provide the
pooled effect estimates of chronic pain mediating effects
on the primary outcome (illicit opioid use behavior) for
all OSTs.

Research methodologists highly caution against the
pooling of studies with fundamentally different designs,
[31,32] largely because of imbalanced susceptibility to
selection bias non-randomized studies face [31]. Thus,
we will combine the results of randomized and non-
randomized studies in separate meta-analyses.

Direct comparisons
We will perform a meta-analysis to pool results for our pri-
mary outcome as well as all secondary efficacy end-points.
Findings abstracted from direct comparisons will be pooled
together using a random-effect meta-analysis with Knapp-
Hartung (KH) estimator [33]. All analyses will be per-
formed using the metafor and rmeta packages in R [34].
Dichotomous outcome(s) will be combined into a
pooled odds ratio, where continuous outcomes (for ex-
ample, mean number of positive opioid urine screens
evaluated by chronic pain status) will be pooled using
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Pamary Scarch in Medline, EMBASE, PsycINFO, Web of
Science, ProQuest Dissertations and theses
Database, Cochrane Library, Cochrane Clinical
Trials Registry {CTR), World Health Organization
Intemational CTRPlatform Scarch Portal, and the National
Institutes of Health CTR databases
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Figure 1 Flow diagram of article screening process.

J

the standardized mean difference. All direct comparisons
will be weighted using the inverse of the variance.
Results from studies deemed eligible for inclusion into
the meta-analysis will be presented in a forest plot, with
the associated 95% confidence intervals presented. We
will calculate and report the inconsistency index (/%)

statistics and P values as the measure of heterogeneity in
the results of the studies and whether the actual ob-
served difference can be attributable to chance alone
[35]. We will interpret the I* statistic using the thresh-
olds set forth by the Cochrane Collaboration, these in-
clude I of 0% to 40% (might not be important), 30% to
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60% (moderate heterogeneity), 50% to 90% (substantial
heterogeneity), and 75% to 100% (considerable hetero-
geneity) [31]. The Egger’s test will be used to assess for
publication bias.

We anticipate a study’s scoring on methodological
quality assessment as well as differences in measurement
selection (for example, urine toxicology screening versus
self-report) to be important factors accounting for hetero-
geneity between studies. The methodological quality of in-
dividual studies will be captured using the Cochrane Risk
of Bias tool, Newcastle Ottawa Scale, and the NIH National
Heart, Lung, and Blood Institute: Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies.
Subgroup analyses will stratify on the basis of the study’s
performance on the risk of bias assessment. We will stratify
our analyses on the basis of Cochrane risk of bias re-
sponses, whereby studies will be characterized has having
an overall ‘high risk of bias’ if at least one domain on the
Cochrane risk of bias tool is rated as high risk. Thus, re-
sults of any study with >1 ‘high risk of bias’ rating across
domains will be considered at risk for confounding. For
observational studies, we will need to address risk of bias
according to the appropriate assessment tools, thus we will
not be able to use Cochrane risk of bias across all studies.
For cohort and case-control studies, any study with zero
stars in 21 section will be considered high risk of bias
based on the Newcastle Ottawa Scale. According to the
Newcastle Ottawa Scale, receiving stars indicates a lower
risk of bias. The lack of stars in any section indicates the
study has not addressed a possible source of confounding.
For cross-sectional studies rated with the NIH tool, any
study receiving a ‘fair’ or overall ‘poor’ quality rating will be
classified as high risk of bias and included for subgroup
analysis. We anticipate the studies with improper adjust-
ment for important confounding variables to have high
susceptibility for confounded treatment effects.

We will also stratify our meta-analyses based on out-
come measurement. A clear example of how measure-
ment can influence the study results is noted with the
measurement of opioid use, where some studies use urine
toxicology screening to determine concomitant opioid
abuse and other studies use self-report. Self-report is sus-
ceptible to social desirability bias, where some patients
may be reluctant to report continued opioid abuse in an
effort to maintain a positive standing with physicians and
clinical staff. Thus, quality of measurement can contribute
to large difference in the study findings.

Acknowledging the impact of publication status as a po-
tential source of bias, we will perform sensitivity analysis
to determine whether a study’s publication status impacts
the observed effect estimates. Studies in the gray literature
are not subject to the same level of scrutiny as those in
peer-reviewed journals. The peer review process leads to
the identification of potential sources of confounding and
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allows authors to re-perform their analyses by properly
adjusting for newly identified sources of error. Thus, some
of the unpublished literature may present different treat-
ment effects simply due to the lack of external evaluation.
We will evaluate this potential concern by performing an
additional sensitivity analysis, stratifying our meta-analyses
by the articles publication status.

Combining direct and indirect evidence: the network
meta-analysis

Provided the data are suitable for NMA, we propose
building a Bayesian hierarchical model using maximum
likelihood estimation to derive summary statistics for
binary outcomes. This model will introduce a random
effect representing the variation in effect estimates
resulting from the comparison itself. Any variation in
the random effect will be considered ‘inconsistency’ [36].
This method allows for treatment heterogeneity, sam-
pling variability, and inconsistency [36] while also apply-
ing maximum likelihood estimation [36].

Due to the fragility of the NMA, we propose selecting
the best evidence for inclusion into the model. Thus,
only evidence from randomized trials with >200 people
in the comparison will be selected for inclusion into the
NMA model. We set this sample size requirement to ad-
just for the high susceptibility of type I error in studies
evaluating multiple treatment outcomes.

We will use node splitting to identify inconsistency
[37,38], a method that identifies loops with large incon-
sistency. The inconsistency will be taken into consider-
ation during the interpretation of the results. We will
also use the deviance information criterion (DIC) to esti-
mate how parsimonious the data are [37].

Findings from the NMA will be presented using prob-
ability statements of treatment effects as well as a ranking
of these probabilities, which illustrates each interventions
probability of ranking first [39]. We will also graphically
display the probability ranks using the surface under the
cumulative ranking (SUCRA) line [39].

Methods for evaluating the clinical guidelines

To identify the most recently published North American
guidelines on opioid maintenance treatments, we will
search www.guidelines.gov. We will search using the
terms ‘opioid dependence, opioid addiction, and opioid
substitution treatment.” We will also search the National
Institute for Health and Care Excellence (NICE) data-
base to identify the most recently published guidelines
used by the National Health Service in the UK. We w