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Abstract

The combination of prescription opioid dependence and chronic pain is increasingly prevalent and
hazardous to public health. Variability in pain may explain poor prescription opioid addiction
treatment outcomes in persons with chronic pain. This study examined pain trajectories and pain
volatility in patients with chronic pain receiving treatment for prescription opioid addiction. We
conducted secondary analyses of adults with chronic pain (N = 149) who received buprenorphine-
naloxone (BUP-NLX) and counseling for 12 weeks in an outpatient, multi-site clinical trial. Good
treatment outcome was defined as urine-verified abstinence from opioids at treatment endpoint
(Week 12) and during at least two of the previous three weeks. Pain severity significantly declined
over time during treatment (b = — 0.36, p <.001). Patients with greater pain volatility were less
likely to have a good treatment outcome (OR = 0.55, p < .05), controlling for baseline pain
severity and rate of change in pain over time. A one standard deviation increase in pain volatility
was associated with a 44% reduction in the probability of endpoint abstinence. The significant
reduction in subjective pain during treatment provides observational support for the analgesic
effects of BUP-NLX in patients with chronic pain and opioid dependence. Patients with greater
volatility in subjective pain during treatment have increased risk for returning to opioid use by the
conclusion of an intensive treatment with BUP-NLX and counseling. Future research should
examine underlying mechanisms of pain volatility and identify related therapeutic targets to
optimize interventions for prescription opioid addiction and co-occurring chronic pain.
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Prescription opioid abuse and addiction have reached epidemic levels, with rates of
prescribing, non-medical use and abuse, fatal overdoses and emergency room visits, and
treatment admissions increasing rapidly in the past 10-15 years (Substance Abuse and
Mental Health Services Administration (SAMHSA), 2013; Atluri, Sudarshan, &
Manchikanti, 2014). Prescription opioids are currently the second-most commonly abused
drug in the nation (SAMHSA, 2013). Increased rates of prescription opioid addiction in
adults with chronic non-cancer pain have contributed significantly to these trends
(Ballantyne & LaForge, 2007), and the combination of chronic pain and prescription opioid
addiction is particularly challenging clinically (Garland, Froeliger, Zeidan, Partin, &
Howard, 2013; Sullivan & Howe, 2013). Currently, no treatments for prescription opioid
addiction in chronic pain patients have strong empirical support (Windmill et al., 2013). As
such, the development of better treatment regimens for prescription opioid addiction in
patients with chronic pain is a high priority across the diverse areas of primary care, pain
management, addiction treatment, and public health (Ling, Mooney, & Hillhouse, 2011).

Buprenorphine-naloxone (BUP-NLX), a partial mu-opioid agonist/antagonist with
established efficacy and FDA-approval for opioid dependence treatment (Campbell &
Lovell, 2012; Ling et al., 2005), is a promising pharmacological intervention for co-
occurring chronic pain and prescription opioid addiction. Compared to full opioid agonists,
BUP-NLX offers an improved safety profile and diminished abuse liability due to its
reduced risk of respiratory depression and attenuated rewarding effects (Dahan, 2006; Jones,
2004; Kamei et al., 1995; Walsh & Eissenberg, 2003). While BUP-NLX is not FDA-
approved for treatment of pain, its off-label use for chronic pain management in opioid-
dependent patients has been described (Chen, Chen, & Mao, 2014; Rosenblum et al., 2012),
and transdermal buprenorphine is an FDA-approved treatment for chronic pain (Cote &
Montgomery, 2014). Recent experimental and observational research suggests BUP-NLX
may offer sufficient analgesia in this population (Daitch et al., 2012; Pade, Cardon,
Hoffman, & Geppert, 2012; Roux et al., 2013), with one randomized trial finding similar
reductions in pain from BUP-NLX and low-dose methadone (Neumann et al., 2013). These
findings are promising but further studies are necessary to characterize the course of
analgesic response to BUP-NLX in patients with prescription opioid addiction and its impact
on opioid treatment outcomes.

Despite the overall efficacy of BUP-NLX for opioid dependence, relapse to opioid use
during treatment is common and difficult to predict (Alford et al., 2011; Garcia-Portilla,
Bobes-Bascaran, Bascaran, Saiz, & Bobes, 2014; Hser et al., 2014), but the specific factors
that contribute to poor outcomes are not well-understood. One such factor could be severity
of pain, as patients with severe pain often have worse outcomes from addiction treatments
(Caldeiro et al., 2008; Larson et al., 2007). However, results from previous studies of pain
and BUP-NLX outcomes have been mixed. In one study severe pain at baseline predicted
better opioid use outcomes at the end of a brief BUP-NLX detoxification, but severe pain at
the end of detoxification predicted worse opioid use outcomes two weeks later (Potter et al.,
2010). Other studies did not find worse BUP-NLX treatment outcomes in patients with
chronic pain or more severe pain at baseline (Chakrabarti, Woody, Griffin, Subramaniam, &
Weiss, 2010; Fox et al., 2012; Weiss et al., 2011). Given the few available studies it is
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unclear whether persons with chronic pain usually have worse outcomes from BUP-NLX
treatment.

In contrast to these previous studies that examined pain as a static or “fixed” variable, it is
possible that more dynamic aspects of pain predict treatment outcomes within the chronic
pain population. Risks for drug relapse are often dynamic (Witkiewitz & Marlatt, 2005),
such that temporal variations in risks can be more predictive of treatment outcomes than
distal factors (e.g., baseline pain severity). Such temporal variability may be especially
relevant for chronic pain, which is characterized by unpredictable fluctuations in pain
intensity (Webster, 2008). In particular, the magnitude of “volatility” in pain, defined as the
degree of unsystematic fluctuation in pain severity over time, may be an important clinical
feature of pain that relates to opioid treatment outcomes. This hypothesis is supported by
prior studies of smoking, where volatility in withdrawal and urges predicted smoking lapses
during treatment (Cofta-Woerpel et al., 2011; Piasecki, Jorenby, Smith, Fiore, & Baker,
2003), above and beyond severity of baseline withdrawal. To our knowledge no study has
directly compared baseline pain severity, change in pain over time, and pain volatility in the
prediction of prescription opioid dependence treatment outcomes.

In a previous multi-site clinical trial for prescription opioid addiction, patients with chronic
pain did not have worse treatment outcomes overall (Weiss et al., 2011), but changes in pain
over time and within-person pain volatility have not been investigated in this sample. The
three aims of the current study were to (a) examine changes in pain severity during BUP-
NLX treatment for prescription opioid addiction, (b) characterize pain trajectories and pain
volatility, and (c) examine whether baseline pain, pain trajectories, or pain volatility may
impact prescription opioid addiction treatment. We hypothesized that patients with greater
pain over time and greater pain volatility during treatment would have worse treatment
outcomes.

Study Design

This study involved secondary analyses of Phase 2 of the Prescription Opioid Addiction
Treatment Study (POATS), a multi-site, randomized, adaptive clinical trial for treatment of
prescription opioid addiction (Weiss et al., 2011; Weiss et al., 2010). The original POATS
sample involved 653 patients in Phase 1, a 4-week BUP-NLX detoxification with
randomization to standard or enhanced counseling. Most of the Phase 1 sample (n = 610,
93%) did not achieve sustained abstinence, and 360 of these patients enrolled in Phase 2.
About 41% (n = 149) of the Phase 2 sample had chronic pain and were included in the
current study. The primary POATS study revealed no significant effects of treatment
condition or chronic pain status on primary opioid use outcomes (Weiss et al., 2011).

Treatment in Phase 2 consisted of open-label BUP-NLX stabilization for 12 weeks and re-
randomization to enhanced counseling vs. standard medical management. Study physicians
dispensed BUP/NLX at scheduled medical visits, which occurred twice in the first week of
Phase 2 and once-weekly thereafter. Sublingual BUP/NLX tablets were dispensed for once-
daily dosing ranging from 8/2 mg to 32/8 mg BUP/NLX per day. The BUP/NLX protocol
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allowed physicians to adjust the dose by as much as 8mg/day at each visit according to
patients’ opioid use, withdrawal, craving, and adverse side effects.

Key inclusion criteria for POATS included the following: at least 18 years old, DSM-IV
diagnosis of current prescription opioid dependence, physiological dependence on opioids,
agreement to birth control (women), and absence of unstable medical/psychiatric conditions.
Key exclusion criteria included use of heroin on = 4 days in the past month, physiological
dependence on alcohol/sedatives/stimulants, and lifetime injection of heroin. Complete
inclusion and exclusion criteria are in previous reports (Weiss et al., 2011; Weiss et al.,
2010). The current study includes Phase 2 participants who had chronic pain (n = 149),
defined as having current pain that is “greater than usual aches and pain” for at least three
months. Participants receiving prescribed opioid treatment for pain were cleared by their
prescribing physician prior to inclusion in the study, and agreed to withdraw from opioid
analgesics at least 12 hours prior to BUP/NLX induction. Non-opioid concomitant
medications for pain (e.g., ibuprofen, acetaminophen) were permitted and 60% of the
sample reported use of these medications. With the exception of greater baseline pain, the
chronic pain subsample and the non-pain sample did not differ significantly on any
demographic or pretreatment clinical variables (see Table 1 for pretreatment characteristics).
The majority of the sample was male (55%) and most were Caucasian (88%), and on
average participants used prescription opioids nearly every day (M = 27.9 days) in the past
month. Most of the sample (95%) had been using prescription opioids for at least a year and
most (82%) reported relief of physical pain as their primary reason for initial use of opioids.
The most common physical site of pain was back (43%), followed by lower extremities
(21%), sacrum/hip (14%), shoulder/arms (12%), and head/neck (10%). Significant pain in
multiple areas of the body was reported by 77% of the sample.

Opioid Use—At the phase 2 randomization visit and at each subsequent weekly visit,
participants provided urine samples for drugs of abuse, including prescription analgesics,
illicit opioids, and methadone. Participants also reported recent drug use via a calendar-
assisted retrospective interview (Sobell & Sobell, 1992). In this study we used the same
primary outcome variable as the original trial (Weiss et al., 2011). “Successful outcome”
was defined as abstinence from all opioids during the final week and at least 2 of the
previous 3 weeks, which was assessed via self-report and confirmed by urine drug screen
(UDS). Weekly opioid UDS, coded positive (1) vs. negative (0), was also utilized as a time-
varying covariate in analyses of pain scores. The number of opioid-free urine samples in
Weeks 1-8 was also a covariate in treatment outcome analyses.

Subijective pain severity—Participants in this sample completed the Brief Pain
Inventory (BPI)-Short Form (Keller et al., 2004) at randomization and monthly visits and an
abbreviated BPI at all other weekly visits. Although both versions assessed worst, average,
least, and current pain on a 0-10 scale, the target time frame for worst, average, and least
pain differed between the full (24 hours) and abbreviated versions (7 days) of the BPI.
Therefore, to assess weekly pain in this study we only utilized the current pain severity item
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which was consistent across both versions (“right now”). Average baseline pain was in the
moderate range (M = 4.5, SD = 3.0).

Baseline demographic and clinical characteristics—Demographics were captured
with a brief demographics questionnaire and the Addiction Severity Index-Lite (Cacciola,
Alterman, McLellan, Lin, & Lynch, 2007). Baseline measures of opioid use and treatment
history were captured with the Pain and Opiate Analgesic Use History (Weiss et al., 2010).
Baseline demographic and clinical characteristics used in this study included sex, race,
marital status, history of heroin use, history of non-oral prescription opioid use, history of
opioid dependence treatment, and Phase 1 and 2 treatment condition.

Buprenorphine/naloxone dose—A drug dispensing and compliance log completed at
medical visits collected information on BUP/NLX dosing. This data was used to extract
peak BUP/NLX dose during the treatment phase (M = 20 mg/day, SD = 6.75). The most
common peak dose was 16mg/day reported by 26% of the sample, followed by 24mg/day
(20%) and 32mg/day (14%). Peak BUP-NLX dose was tested as a covariate of treatment
outcome.

Opiate withdrawal—The Clinical Opiate Withdrawal Scale (COWS) was completed at
baseline and every four weeks during treatment to measure opiate withdrawal severity
(Wesson & Ling, 2003). In this study the average COWS score during treatment was used to
examine the association between opiate withdrawal and pain volatility.

Non-opioid drug use—Use of other (non-opioid) drugs was examined via weekly UDS
and tested as a covariate of weekly pain. Each UDS tested for amphetamines,
benzodiazepines, cocaine, methamphetamine, and cannabis. The most common other illicit
drugs used were cannabis (21% of UDS positive) and benzodiazepines (18% of UDS
positive); all drugs were used at very low rates (1-7%) during treatment.

Statistical analyses

Individual pain trajectories—Repeated measures of pain scores were nested within
individuals therefore hierarchical linear models (HLMs) estimated individual trajectories of
pain, with fixed effects for person-level and time-varying covariates. Individual
heterogeneity in intercepts and covariate slopes were estimated with random effects. All
available data was included via maximume-likelihood (ML) estimation, a preferred method
when longitudinal data is considered missing-at-random (Schafer & Graham, 2002).
Analyses revealed no significant differences on any study variables between participants
with any missing data vs. those with full data, supporting this assumption. The HLM of pain
estimated weekly pain ratings as a function of individual-specific intercepts (initial level)
and slopes for linear time, quadratic time, and opioid UDS, along with the fixed effects of
time, time-varying opioid UDS, demographics, and clinical covariates. Following from prior
research (McCarthy, Piasecki, Fiore, & Baker, 2006) empirical bayes estimates of
significant random effects (e.g., intercept, time slope) were extracted and standardized for
use in further analyses. Individual plots of estimated pain trajectories were also produced to
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illustrate the variability in pain trajectory intercepts and slopes and to display the effects of
any significant covariates.

Pain volatility—Pain volatility scores captured the dispersion of each individual’s pain
scores around their own pain trajectory. To separate volatility from potential confounders,
such as baseline pain and opioid use, the volatility score only utilized remaining variability
in pain after accounting for intercepts, slopes, and significant covariate effects. Similar to
prior research (Cofta-Woerpel et al., 2011) we used mean absolute deviation for the
volatility score, by obtaining pain score residuals from the final HLM, converting residuals
to absolute values, and calculating the mean absolute residual for each participant. This
created a single volatility score for each participant for the 12-week treatment phase, with
larger volatility reflecting greater week-to-week deviations above or below their
individualized pain trajectory. To illustrate the range of pain volatility, the actual pain score
residual values were plotted across the pain volatility scores. We also plotted pain score
residual values over the overall pain trajectory after splitting the sample at the median
volatility score, which illustrated the deviation in pain scores around the pain trajectory over
time.

Analysis of opioid use outcomes—RPotential covariates of Phase 2 treatment outcome
included Phase 1 treatment group, Phase 2 treatment group, demographics, and baseline
clinical characteristics. The number of opioid-free urine samples provided in Weeks 1-8
(i.e., prior to the treatment outcome period) and peak BUP/NLX dose were also tested as
covariates. A preliminary logistic regression examined these covariate effects on treatment
outcome and statistically significant covariates (at p < .05) were retained for further models.
To test the improvement in model fit provided by dynamic vs. static pain variables, an initial
logistic regression examined Phase 2 baseline pain as a predictor. A subsequent logistic
regression examined pain intercepts, slopes, and volatility obtained from the model of
weekly pain scores during treatment as predictors of treatment outcome. Model comparisons
were conducted via likelihood-ratio (LR) tests, with outcome classification examined with
sensitivity and specificity metrics. All analyses were conducted in Stata 13.0 (StataCorp.,
2013).

Results

Weekly pain scores during BUP-NLX stabilization

A total of 1,635 weekly pain scores were obtained for the sample, with an average of 10.97
(SD = 2.98) pain scores provided by each participant during treatment. Individual pain
trajectories estimated by the final model are displayed in Figure 1. The sample-wide
trajectory of pain was characterized by initially moderate levels of pain (4.51) that declined
significantly over the 12-week treatment (linear time b = - 0.36, p < .001), with significant
upward curvature over time as indicated by a positive quadratic time effect (b =0.02, p<.
001). Individuals varied significantly around the average pain trajectory in both initial level
and linear change over time (see Figure 1), as evidenced by significant variance in the
random intercept, o2 = 3.16, 95% CI [2.39, 4.19], and random linear time slope, 02 = 0.02,
95% CI [0.01, 0.03]. A statistically significant fixed effect for opioid UDS (b=0.50, p<.
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01) indicated positive opioid UDS were associated with greater pain, as displayed by time-
specific offsets in pain in Figure 1. Individuals varied significantly in the magnitude of this
UDS association, as indicated by significant variance in the random UDS slope, 02 = 0.92,
95% CI [0.46, 1.84]. Sex was the only significant person-level predictor of pain, with men
reporting lower pain than women (b = - 0.76, p < .05). Phase 1 and 2 treatment group, race,
prior heroin use, non-oral POA use, prior POA treatment, and non-opioid drug use did not
predict pain severity.

Pain volatility

Measures of pain volatility scores, obtained from the HLM of weekly pain scores, captured
the average magnitude of each individual’s deviation in pain away from their own pain
trajectory during the 12-week treatment phase. The average pain volatility score was 1.00
(SD = 0.45, Range = 0.20 2.51), indicating that in a given week the average participant
deviated one point above or below by their own trajectory as predicted by systematic time
effects, sex, and weekly opioid use. To illustrate the relationship between volatility scores
and the observed weekly deviations in pain, we plotted the weekly pain residuals against
individual pain volatility scores (see Figure 2), noting that participants below the 25t
percentile had pain scores that always adhered relatively closely (within 2.5 points) to their
own trajectory, while those above the 75 percentile had pain scores with larger deviations
(up to 6.5 points). To examine the relationship between pain volatility and pain trajectories,
the sample was split at median volatility (0.91) and weekly pain residuals were plotted
around each group’s average pain trajectory (see Figure 2). Note that the above-median
group appeared to have greater initial pain and greater reduction in pain over time. Pain
volatility scores were also positively correlated with pain intercepts (r = 0.23, p<.01) and
negatively correlated with linear time slopes (r = —0.28, p <.001). Pain volatility scores
were also positively correlated with participants’ mean COWS score (r = .26, p < .001).

Prediction of treatment outcome

In the covariate logistic regression treatment outcome was not predicted by Phase 1 or 2
treatment group, race, sex, marital status, non-oral prescription opioid use, or prior opioid
treatment. No prior heroin use, OR = 3.65, p < .05, 95% ClI [1.16, 11.49], and greater
number of opioid-free UDS in Weeks 1-8, OR=1.69, p <.001, 95% CI [1.33, 2.13]
predicted greater probability of successful outcome, while greater peak BUP/NLX dose
predicted lower probability of successful outcome, OR=0.92, p < .05, 95% CI [0.85, 0.99].
Controlling for these significant covariates, baseline pain severity did not predict treatment
outcome, OR=0.95, p=.52, 95% CI [0.81, 1.11]. In contrast, greater pain volatility
predicted lower probability of successful outcome, OR=0.51, p < .05, 95% CI [0.30, 0.89],
controlling for heroin use history, Week 1-8 opioid UDS, peak BUP/NLX dose, pain
intercept, linear pain slope, and opioid UDS slope (see Table 2). Adding pain volatility as a
predictor of treatment outcome (in addition to significant clinical covariates and baseline
pain) significantly improved model fit (LR x2(1) = 5.34, p < .05), and the overall model
explained a moderate amount of variance in treatment outcomes (pseudo R? = 34.3%).
Figure 3 displays the adjusted probability of good treatment outcome as a function of pain
volatility scores.
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Further analyses examined whether a specific cutpoint in pain volatility would accurately
predict treatment outcome. A volatility score of 1.40 met Bonferroni-corrected alpha of .005
(x3(1) = 10.40, p < .001), as successful outcomes were significantly more likely for
participants below this cutpoint of pain volatility (71%) compared to participants above it
(36%). In a logistic regression controlling for clinical covariates and other pain variables,
individuals above this cutpoint were significantly less likely to have successful outcome (OR
=0.13, p<.01, 95% CI [0.04, 0.47]), with the mean adjusted probabilities of successful
outcome displayed in Figure 3.

Discussion

In this study we sought to further understand contributions to poor prescription opioid
treatment outcomes in adults with chronic pain, finding that patients with greater volatility
in pain were less likely to achieve sustained opioid abstinence at the end of treatment. Our
pain volatility index captured each patient’s typical weekly deviation in pain from their own
pain trajectory, and the association between volatility and treatment outcome was
independent of baseline pain severity, change in pain, prior heroin use, opioid use in early
treatment, and peak BUP-NLX dose. In prior studies chronic pain status or baseline pain
severity did not predict BUP-NLX treatment outcomes (Chakrabarti et al., 2010; Fox et al.,
2012; Weiss et al., 2011). These findings would suggest that the mere presence of chronic
pain does not impact BUP-NLX treatment outcomes. However, our findings suggest that
among persons with chronic pain, greater within-person volatility in pain reflects greater risk
for poor opioid use outcomes from BUP-NLX and counseling. Our findings also suggest
that within this population, pain volatility may be a better indicator of risk than other aspects
of pain, such as baseline pain severity and increased pain over time. Chronic pain is often
characterized by unpredictable fluctuations in pain (Webster, 2008), and our study may be
the first that links pain volatility to prescription opioid treatment outcomes.

Because this study did not directly manipulate pain we cannot conclude that pain volatility
itself causes relapse to opioid use, and it is unclear from our findings why some individuals
had pain that was more volatile than others. However, it is possible that identifying the
mechanisms of pain volatility could reveal novel therapeutic targets with the potential to
improve opioid treatment outcomes in this population. Such mechanisms are currently
unknown as pain volatility is not a well-developed construct, but pain sensitivity is a
potentially relevant factor with some known correlates. Greater acute pain sensitivity has
been linked to greater default mode network-insula connectivity (Loggia et al., 2013),
greater self-reported stress (Cathcart, Bhullar, Immink, Della Vedova, & Hayball, 2012;
Crettaz et al., 2013), more severe depression (Kwon & Chang, 2013), and unpleasant
physical activity (Cook, Stegner, & Ellingson, 2010). Pain sensitivity and opioid craving are
also correlated in abstinent heroin users (Ren, Shi, Epstein, Wang, & Lu, 2009). In related
findings our study found that participants’ pain volatility was positively correlated with their
severity of opioid withdrawal during treatment. Future studies could investigate whether
temporal pain volatility is linked to neural connectivity, emotional distress, or opioid
craving, and whether interventions targeting these mechanisms could reduce pain volatility
and improve treatment outcomes in patients with chronic pain. Of note, the association
between pain volatility and endpoint abstinence was independent of opioid use in early
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treatment, suggesting that pain volatility was a distinct risk for poor endpoint outcome that
was not simply due to greater opioid use early in treatment in patients with more volatile
pain.

In addition to pain volatility, our study examined changes in pain during 12 weeks of BUP-
NLX treatment and counseling, finding an overall decrease in pain over time. Although
causation cannot be concluded from this open-label BUP-NLX design, this observational
finding replicates previous findings of analgesic benefits of BUP-NLX for persons with
chronic pain and opioid dependence (Daitch et al., 2012; Neumann et al., 2013; Pade et al.,
2012; Rosenblum et al., 2012; Roux et al., 2013). The overall pattern of subjective pain was
a gradual reduction during treatment, but we also found significant variability in pain
trajectories, meaning some patients did not experience as much reduction in pain. Future
studies should identify factors that influence the analgesic response to BUP-NLX in
prescription opioid-dependent patients with chronic pain. An enhanced counseling condition
did not impact pain over standard counseling, but POATS was foremost an opioid treatment
study and both counseling models primarily targeted opioid use. Efficacious psychosocial
interventions for pain exist (Bushnell, Ceko, & Low, 2013; Ehde, Dillworth, & Turner,
2014), and it is possible that an adjunct therapy primarily targeting chronic pain could
potentially enhance the analgesic effects of BUP-NLX in patients whose pain is
unresponsive to medication alone.

In this sample urine-verified opioid use was associated with greater concurrent pain.
Although the concurrent assessments in this study prevent any determinations of temporal
directionality between opioid use and pain, this finding may reflect episodic opioid use in
response to increased pain (“self-medication”), with pain persisting due to the partial
agonist/antagonist properties of BUP-NLX. Patients also may have experienced increased
subjective pain in response to opioid use and subsequent withdrawal. Research designs with
more frequent, fine-grained assessments would be necessary to examine precisely how
opioid use, withdrawal, and pain unfold over time during an episode of opioid dependence
treatment.

Covariate analyses revealed that non-white ethnicity, any heroin use, and stronger peak
BUP-NLX dose were associated with worse treatment outcomes. Race did not predict
treatment outcome in the full POATS sample (Dreifuss et al., 2013), but within this chronic
pain subsample only 38% of non-white patients achieved successful outcome compared to
68% of white patients. Although based on a small percentage of the sample (12%) in the
current study, non-white patients have had poorer outcomes in previous studies of BUP-
NLX (Alford et al., 2011), suggesting tailored interventions for non-white patients may be
necessary in some settings. The poorer treatment outcomes for heroin users replicated
findings from the full POATS sample (Weiss et al., 2011). In persons with prescription
opioid dependence a history of heroin use typically conveys a more severe course of opioid
dependence and these patients often respond more poorly to a wide range of treatments
(Dreifuss et al., 2013; Jones, 2013; Nielsen, Hillhouse, Thomas, Hasson, & Ling, 2013). In
the original trial BUP-NLX doses could be adjusted during treatment according to opioid
use, craving, and withdrawal. Our results showed patients who were titrated to greater peak
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BUP-NLX doses were also least likely to achieve endpoint abstinence, perhaps owing to
more severe opioid dependence.

Our findings must be interpreted in light of several limitations. This study involved
secondary analyses that examined pain-related predictors of treatment outcome in a
subsample of the original trial. Because the original study was not designed specifically to
examine these aims, these findings are preliminary and in need of prospective confirmation.
In particular, BUP-NLX was open-label and adjusted variably, so the causal impact and
dose-response effect of BUP-NLX on pain and pain volatility cannot be determined from
this design. Furthermore, because the pain metrics utilized here are sample-dependent and
not immediately applicable to the broader population, more generalized research is
warranted before these findings can be incorporated into specific clinical recommendations.
Although inclusion criteria in the original trial were carefully designed to closely represent
the prescription opioid-dependent population, this study was conducted in research-oriented
treatment clinics with the necessary resources to support a controlled clinical trial, which
may not represent the typical clinical care setting. Furthermore, these findings may not
generalize to chronic pain patients that do not meet criteria for prescription opioid
dependence or desire opioid dependence treatment. Although we detected a positive
association between time-varying opioid use and pain severity, we could not disentangle the
causal relationship between these factors due to their concurrent measurement. Finally,
because these secondary analyses were limited to the BUP-NLX stabilization phase, it is
unknown whether the risk for opioid use associated with pain volatility persists beyond the
completion of active treatment.

In persons with chronic pain, this study revealed significant decreases in subjective pain
during BUP-NLX treatment and counseling for prescription opioid addiction. Furthermore,
patients with lower volatility in subjective pain were more likely to achieve endpoint
abstinence. These findings indicate that intra-individual volatility in subjective pain may be
a better prognostic marker for future opioid use than initial pain severity or rate of change in
pain over time. Future research is needed to identify underlying neurobiological or
psychosocial mechanisms of pain volatility that can be targeted with interventions.
Furthermore, clinicians providing treatment for co-occurring prescription opioid addiction
and chronic pain may consider monitoring pain volatility to monitor risk for poor treatment
outcomes and adjust treatment regimens accordingly.
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Figure 1.
Model-estimated trajectories of subjective pain in adults with chronic pain receiving

treatment for prescription opioid addiction. The average trajectory (bold line) is displayed
separately for women and men. Thin lines display individualized trajectories which illustrate
the significant variability in baseline pain and rate of change in pain over time.
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Figure 2.

Pain score residuals from model-estimated individual pain trajectories plotted across

Deviations from pain trajectories

Subjective pain score

Pain residuals plotted over pain volatity scores
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individual volatility scores (top panel) illustrate greater deviations associated with greater
pain volatility. Pain score residuals plotted around the average pain trajectories for median-
split volatility groups (bottom panel) illustrate scatter around the average trajectories over

time.
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Controlling for heroin use, ethnicity, early-treatment opioid use, and peak buprenorphine-

naloxone dose, higher pain volatility scores were significantly associated with reduced

probability of endpoint abstinence, when examined as a continuous volatility score (top
panel) and as a cutpoint (bottom panel).
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Table 1

Demographic and clinical characteristics of adults with chronic pain receiving treatment for prescription

opioid dependence (N = 149).

Variable

% (n) or M (SD)

Sex: % (n) male

Race: % (n) white

Years of education: M (SD)

Marital status: % (n) currently married

Baseline pain severity: M (SD)

Days of prescription opioid use in past 30: M (SD)

Heroin history: % (n) ever used

Prescription opioid route history: % (n) ever used non-orally

Prescription opioid treatment history: % (n) ever received treatment

55% (82)
88% (131)
12.8 (2.4)
30% (45)
45(3.0)
27.9(3.8)
24% (36)
86% (128)
34% (50)
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Logistic regressions of successful treatment outcome? following 12 weeks of buprenorphine-naloxone
stabilization and counseling.

Table 2

Variables

OR

Race (white vs. other)

Heroin use (never used vs. ever)
Count of opioid-free urines (Week 1-8)

Peak buprenorphine/naloxone dose

Baseline pain
Pain intercept

Pain linear slope

Urine drug screen slope

Pain volatility

3.86

1.76

0.91"
1.05

Model fit statistics

Likelihood-ratio X2 (df)

Pseudo-R2 (in %)

53.4 (6)

34.2

*
p<.05,

*%

*
p < .001.

aDefined as abstinence from opioids during week 12 and at least two of weeks 9-11, assessed via self-report and urine drug screen
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