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Importance: It is known that only minority of patients with opioid use disorder (OUD) receive treatment, of which only a fraction successfully complete treatment as intended. Factors associated with poor treatment outcomes remain unclear, and there is emerging but conflicting evidence that cannabis use may mitigate opioid use.

Objective: To analyze predictors of relapse amongst patients receiving buprenorphine-naloxone for OUD and identify the association between cannabis use and time to relapse.

Design: Data were prospectively collected between May 2018 and October 2020, and patients were followed for 12 months.

Setting: Thirty-one outpatient opioid agonist treatment clinics across Ontario, Canada.

Participants: All patients 16 years of age or older receiving buprenorphine-naloxone for OUD who had a urine toxicology screen negative for opioids at baseline were eligible for inclusion. Of the 488 patients consecutively sampled, 466 were included.

Exposure: Cannabis use.

Main outcome and measure: Relapse to opioid use assessed using urine toxicology screens. We employed a multivariable Cox-proportional hazard model for our analyses.

Results: We found that cannabis use was not protective against relapse [hazard ratio (HR) = 1.03, 95% confidence interval (CI): 0.78, 1.36, p = 0.84]. We found that participants who have been in treatment for at least two years had a 44% decrease in the hazard of relapse compared to those in treatment for less than a year (HR = 0.56, 95% CI: 0.34, 0.92, p = 0.021). We also found that the hazard of relapse was 2.6 times higher for participants who were intravenous drug users (HR = 2.61, 95% CI: 1.74, 3.91, p < 0.001), and that for every 1mg increase in the participants’ buprenorphine-naloxone dose, the hazard of relapse is 2% greater (HR = 1.02, 95% CI: 1.01, 1.03, p < 0.001).

Conclusion: Our analysis failed to show cannabis to be protective against relapse to opioid use in patients receiving buprenorphine-naloxone for OUD. We identified that individuals who inject drugs, are on higher doses of buprenorphine-naloxone, or have been in treatment for less than two years have a higher hazard for relapse. The presence of such factors may thus warrant closer patient follow-up and more stringent treatment protocols to mitigate risk of relapse and potential overdose.
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Introduction

Opioid use disorder (OUD) has led to a serious public health crisis and epidemic. In the United States, drug overdoses remain the leading cause of death in those under 45 years of age (1), with opioid overdoses being the main driver of fatalities (2, 3). Unfortunately, studies have shown that more than 90% of opioid overdose-related deaths are unintentional (4). Opioid agonist therapy (OAT), by means of methadone and buprenorphine-naloxone, are the mainstay for pharmacological treatment of OUD (5, 6). The latter has become increasingly favored due to its comparable effectiveness but safer side effect profile and much lower risk of misuse and overdose (5). Despite the magnitude of the opioid crisis, less than 35% of patients with OUD seek treatment, of whom less than one third actually remain in treatment as intended due to high rates of relapse and loss to follow-up (7–9).

Few studies have aimed to identify predictors of relapse amongst patients receiving buprenorphine-naloxone therapy as a primary outcome. These studies have been limited by their retrospective design, smaller sample sizes, and statistical methods challenges (8, 10–12). We aim to conduct a survival analysis, using time-to-event data, to analyze predictors of relapse amongst patients receiving buprenorphine-naloxone for OUD. Although clinical data are still lacking, there is emerging but conflicting evidence that cannabis use may mitigate opioid use, possibly through triggering endogenous opioid release and amplifying the analgesic effect of opioids (13–17). We are, therefore, particularly interested in identifying the association between cannabis use and time to relapse amongst this population. Our group recently published a manuscript identifying that daily cannabis use is associated with a lower likelihood of continued opioid use during OAT treatment, amongst patients on both methadone and buprenorphine-naloxone (18). This study focuses on identifying predictors of relapse amongst patients who are abstinent at study onset, and focuses on the subpopulation of patients receiving buprenorphine-naloxone. We hypothesize that cannabis use is protective for relapse into opioid use in patients using cannabis during OAT treatment, due to emerging evidence about its potential benefits at mitigating withdrawal amongst patients with OUD (13–15, 18).


Research question

What is the association between cannabis use and relapse amongst patients receiving buprenorphine-naloxone for OUD?




Materials and methods


Study design

We conducted our analyses using data collected from an ongoing longitudinal study entitled Pharmacogenetics of Opioid Substitution Treatment Response (POST) (19). This is a prospective cohort study aimed at assessing the association between biopsychosocial factors and opioid agonist therapy (OAT) outcomes. Data for the study were collected from 31 clinical sites across Ontario, Canada, between May 2018 and October 2020. The protocol for this study has previously been described (19). The study has been approved by the Hamilton Integrated Research Ethics Board (#4556) and funded by the Canadian Institute for Health Research (CIHR). The current study is reported according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement (20).

In order to be included into the present study, participants had to be at least 16 years of age or older, have provided written informed consent, be receiving buprenorphine-naloxone therapy for OUD, and have a urine toxicology screen negative for illicit opioids at the time of study entry. OUD is defined as per the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5) (21). All participants underwent a semi-structured baseline interview with trained research staff whereby baseline demographic information, past medical and substance use histories were obtained by self-report. Frequency, compound of choice, amount, and route of cannabis and illicit benzodiazepine use in the past 30 days were ascertained by self-report using the Maudsley Addiction Profile (22). We included illicit benzodiazepines use as have previously shown it to be a predictor of accelerated relapse amongst patients with OUD on methadone maintenance therapy (23). As part of the usual treatment for OUD, participants underwent regular urine toxicology screens, typically on a weekly to bi-weekly basis. The FaStep Assay (Trimedic Supply Network Ltd, Concord, ON, Canada) was used to detect morphine, oxycodone, fentanyl, methadone metabolite, and buprenorphine, as well as other non-opioid substances (19). Participants were followed at 3 months intervals, for up to 12 months. At study entry and each follow-up, the following data were obtained from participants’ electronic medical records: current buprenorphine-naloxone dose, length of time on treatment, date of last dose taken, and results of all urine toxicology screens within the preceding three months period.



Statistical analysis

Analyses were conducted using STATA version 13.0 (24). We used descriptive statistics to summarize participants’ baseline characteristics. Continuous variables were expressed using mean and standard deviation, whereas categorical variables were expressed using percentages. We employed two-sample t-tests (for continuous variables) and Pearson’s chi-square tests (for categorical variables) to compare baseline participants’ characteristics between relapsing and non-relapsing participants. We used Kaplan–Meier curves to estimate time to relapse for cannabis users and non-users. We compared the survival times between by cannabis use using the log-rank method. We then employed a multivariable Cox-proportional hazard model to assess the association between time to relapse and cannabis use, while adjusting for clinically important variables that may impact treatment outcomes. Specifically, we adjusted our model for age (continuous variable), duration of time in treatment (categorical variable), current dose (continuous variable), marital status (dichotomous variable), employment status (dichotomous variable), illicit benzodiazepine use (dichotomous variable), and history of injection drug use (dichotomous variable). Given that the continuous variable time in treatment violated the proportional hazard assumption, it was converted to a categorical variable which satisfied the assumption. We chose cut-off points of less than or equal to 12 months (n = 87), 12–24 months (n = 146), 24–36 months (n = 90), and greater than 36 months (n = 143). The cut-off points were chosen based on clinically important time points, while also ensuring that a sufficient number of participants remained in each of the categories. The minimum recommended treatment duration is 12 months, and this was used as the initial cut-off, followed by each additional year, as longer duration in treatment is an indicator of stability (5). We used time of entry into the study as the time origin, and time in study (days) as the time scale. We defined time to relapse as the time from study enrolment to the time of first urine toxicology screen positive for a non-prescribed opioid. We conducted identical analyses within the cannabis users, assessing the association between daily cannabis use and time to relapse, compared to non-daily use. We assessed for multi-collinearity by calculating the variance inflated factor (VIF), and considered a VIF of greater or equal to five or ten to suggest moderate or severe multi-collinearity, respectively. We followed the general rule of thumb of 10 events per variable for achieving adequate power in a cox model (25).



Handling of censored data

At each follow-up, data regarding the reason censored participants may no longer be in treatment were recorded, as well as the date of their last urine toxicology screen and date of the last buprenorphine-naloxone dose consumed. If censored data were deemed to be random, independent and non-informative based on our assessment, then basic Kaplan–Meier plots and Cox-proportional hazard functions were used to handle censored data (26, 27). If, based on the reason for censoring, it was deemed that censoring may have been informative, then a worst-case imputation approach was used as a sensitivity analysis to assess the robustness of the findings (26, 27).




Results


Participant characteristics

Data from 466 participants receiving buprenorphine-naloxone therapy were available for analysis. Please see Figure 1 for participant flow diagram. Participants were followed between May 2018 and October 2020, for a median 165 days [interquartile range (IQR): 37, 357], and a total of 85,451 person-years of follow-up. Forty-six percent of participants relapsed during the one year study period, constituting an event rate of 0.25 events per 100 person-years. Of the 254 participants with no documented relapse episodes, 148 participants completed 12-month follow-up without a relapse (31.8% of the total study sample).
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FIGURE 1
Participant-flow diagram.


The mean age of participants was 39 years, and approximately half (46%) were female. The average dose of buprenorphine-naloxone was 16.7 mg [standard deviation (SD) 16.8] in the group that relapsed, compared to 10.8 mg (SD 8.70) in the group that did not relapse (p < 0.001). A larger proportion of those who relapsed (17%) endorsed injection drug use, compared to those who did not relapse (5%) during follow-up (p < 0.001). Please see Table 1 for complete baseline patient characteristics.


TABLE 1    Baseline participant characteristics.
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Primary analyses


Multivariable-adjusted Cox regression: Predictors of relapse and the association with cannabis use

In the multivariable-adjusted Cox regression, we found that cannabis use was not protective against relapse [hazard ratio (HR) = 1.03, 95% confidence interval (CI): 0.78, 1.36, p = 0.84]. We found that participants who have been in treatment between two and three years had a 44% decrease in the hazard of relapse compared to those in treatment for less than a year (HR = 0.56, 95% CI: 0.34, 0.92, p = 0.021). Similarly, those in treatment for three or more years had a 37% reduction in the hazard of relapse compared to those in treatment for less than a year (HR = 0.63, 95% CI: 0.40, 0.98, p = 0.041). We also found that the hazard of relapse was 2.6 times higher for participants who injected drugs compared to those who did not (HR = 2.61, 95% CI: 1.74, 3.91, p < 0.01). Finally, we find that for every 1 or 10 mg increase in the participants’ buprenorphine-naloxone dose, the hazard of relapse is 2 or 22% greater, respectively (HR = 1.02 per 1 mg increase in dose, 95% CI: 1.01, 1.03, p < 0.001). The VIF of included variables ranged between 1.02 and 2.04, thus ruling out multi-collinearity. See Table 2. The results were unchanged in a sensitivity analysis conducted within cannabis users, assessing the association between daily cannabis use and time to relapse, compared to non-daily use, while adjusting for the same covariates [data not shown].


TABLE 2    Multivariable Cox regression analysis: Predictors of relapse amongst patients receiving buprenorphine-naloxone for OUD (N = 466).
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Kaplan–Meier estimates: Association between cannabis use and relapse

Unadjusted Kaplan–Meier curves reveal that cannabis users have a trend towards shorter time to relapse, but that this association is not statistically significant (p = 0.380). Please see Figure 2. The log-rank test remained statistically non-significant in a sensitivity analysis amongst cannabis users, assessing association between daily cannabis use and relapse, compared to non-daily cannabis use [data not shown]. This is consistent with the findings of the multivariable-adjusted Cox model above.
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FIGURE 2
Kaplan–Meier curves by current cannabis use. The y-axis and x-axis labels are probability of survival and time until relapse (days), respectively. The log-rank test reveals that the survival distribution between those who currently use cannabis and those who do not is not statistically different (chi-square: 0.77, p = 0.3804).





Sensitivity analysis: Handling of censored data

Of the 254 (55%) with no documented relapse episodes, 245 were right censored and 9 were interval censored. Of the 245 participants who were right censored, 148 were censored due to completing the 12 months follow-up (study end), 18 were transferred to another provider, 11 completed treatment and were discharged from the clinic, and 8 were incarcerated. We consider these participants to be censored for non-informative reasons. The remaining 60 participants who were right censored, and 9 who were interval censored, were lost to follow-up as they stopped attending their clinic appointments. It may be argued that these participants who are lost to follow-up have relapsed, and as such, we conducted a sensitivity analysis whereby we assumed that all 69 participants who were censored for having withdrawn from treatment had relapsed at the time of censoring. The association between cannabis use and time to relapse remained non-significant in this multivariable-adjusted Cox regression analysis (HR = 0.96, 95% CI: 0.76, 1.22, p = 0.755). The log-rank test comparing unadjusted survival times stratified by sex also indicated no statistically significant difference in the time to relapse between cannabis users and non-users (p = 0.557). The association between time-to-relapse and the remainder of the predictors assessed remained unchanged from the primary analysis, with the exception of employment status whereby those who were employed had a 25% reduction in the hazard of relapse compared to those who were unemployed (HR = 0.76, 95% CI 0.58, 0.98, p = 0.031).




Discussion

Our study identifies several predictors of opioid relapse for patients receiving buprenorphine-naloxone therapy, one of the first-line agents for OUD. While relapse in any substance use disorder is an important outcome, it is particularly relevant in OUD wherein patients lose tolerance to opioids within days of stopping use and are at significantly heightened risk of overdose with relapse to smaller amounts of opioids. Although buprenorphine is known to have affinity for the mu-opioid receptors and therefore helps maintain one’s tolerance to opioids, the level of tolerance depends on the plasma concentration level and it is not known how this equates to tolerance to fentanyl—a synthetic opioid with much higher potency (28). Identifying patients at higher risk of relapse is therefore an integral aspect of harm reduction for managing patients with OUD, as we know that over 90% of opioid overdose deaths are unintentional (4, 29). In our study, we find that participants who inject drugs or are on a higher dose of buprenorphine-naloxone have a significantly higher hazard of relapse at any point in time, whereas being in treatment for more than two years is associated with a lower hazard of relapse. Our findings also indicate that cannabis use does not have a significant association with relapse to opioid use and we could not show protective effect of cannabis in this study amongst participants receiving buprenorphine-naloxone for OUD, even after adjusting for other clinically important variables.

We find that participants who inject drugs and those who are in treatment for a shorter period of time have a higher hazard of relapse at any point in time. This is likely explained by the fact that opioids have higher bioavailability when injected intravenously and intravenous use is typically an indicator of more severe OUD as well as poorer outcome (23). Similarly, the longer one is in treatment, the more stable they are likely to be. Thus it is expected that individuals who are in treatment for a shorter period of time would be more likely to relapse (5, 10). Lastly, individuals with more severe OUD, including those who inject drugs, often require higher doses of buprenorphine-naloxone. As such, it once again seems plausible that the individuals with higher doses had a higher hazard of relapse due to them having a more severe OUD, necessitating the higher dose of treatment in the first place. This is consistent with prior research (5, 10).

Our findings add to the available literature investigating the association between cannabis use and OUD. Emerging evidence suggests that cannabis may serve as a harm reduction strategy to mitigate opioid consumption, as the active component delta-9-tetrahydocannabinol (THC) may amplify the analgesic effects of consumed opioids as well as trigger endogenous opioid release (30–33). However, there is substantial heterogeneity in the evidence to support this association or mechanism of action (13–15). Similar to our findings, a cross-sectional analysis of 777 patients receiving methadone maintenance therapy for OUD found that cannabis use was not associated with illicit opioid use during treatment (14).

The study results may be impacted by the missing data on a number of individuals. As discussed above, 254 individuals were censored, of which 69 could have been informative censoring as they dropped out of treatment at some point during follow-up. In order to address this, we used the worst-case scenario imputation method, whereby we assumed that these 69 individuals relapsed at the time of drop out. This analysis yielded a similar finding, that cannabis use is not protective against relapse to opioids, highlighting the robustness of our findings.

Our findings are strengthened by the fact that all individuals who were censored were followed up and the timing as well as reason for censoring were documented. This allowed us to more reliably make a judgment regarding informative censoring, so as to conduct the appropriate analyses discussed above. Another strength of our study is that our outcome, time to relapse, is objective on the basis of a positive urine toxicology screen, and that it is collected on a weekly to biweekly basis, providing a relatively accurate timing of relapse. One limitation of this study is that it is certainly possible for an individual to have relapsed prior to enrolment into the study. These individuals are not necessarily excluded, or left truncated, however, as long as their urine toxicology screen at study enrollment was negative for illicit opioids. Given we are interested in time-to-relapse, individuals who are actively using illicit opioids while on OAT are not part of our study population. It is not possible for us to know whether these individuals had ever achieved a period of sobriety and then relapsed (thus left truncated), or never achieved a period of sobriety to begin with (thus not part of our target study population). Nonetheless, only 22 participants had a urine toxicology screen that was positive for illicit opioids at baseline, of which only a fraction represent true relapses, thus would be unlikely to have biased our results (see Figure 1). Lastly, another limitation is the fact that time origin for this study is time of study enrolment, whereas patients could have been receiving treatment for varying periods of time. We have attempted to mitigate this by adjusting our model for length of time on treatment.

Taken together, our study identifies that there is neither a positive nor protective association between cannabis use and time-to-relapse among patients receiving buprenorphine-naloxone for OUD. The majority of research evaluating cannabis use and outcomes of patients receiving opioid agonist therapy has focused on illicit opioid use and retention in treatment as study outcomes. This is the first study, to our knowledge, to investigate its impact on time-to-relapse. Relapse is an important outcome due to the serious implications associated with loss of tolerance and risk of overdose, as well as the fact that abstinence from opioid use is what patients consider to be the most important outcome of treatment for OUD (34). Our study calls upon further research to investigate the association between cannabis use and opioid use so as to optimize treatment outcomes, especially as the prevalence of cannabis use continues to rise (35). Moreover, we identified that patients who inject drugs, are on higher doses of buprenorphine-naloxone, or have been in treatment for less time have a higher hazard of relapse. More stringent monitoring during treatment may be warranted to mitigate relapse risk amongst these patients, and future research is needed to further investigate these associations and replicate our findings.



Conclusion

We found that cannabis use was not protective against relapse to opioid use in patients receiving buprenorphine-naloxone for OUD. We identified that individuals who inject drugs drug users, are on higher doses of buprenorphine-naloxone, or have been in treatment for less than 2 years have a higher hazard for relapse. The presence of such factors may thus warrant closer patient follow-up and more stringent treatment protocols to mitigate risk of relapse and potential overdose. Future research aimed at delineating the potential protective or negative consequences cannabis use may have on treatment outcomes for patients with OUD is recommended.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Hamilton Integrated Research Ethics Board. The participants provided their written informed consent to participate in this study.



Author contributions

LN and ZS conceived the research question and protocol. NS, AH, and JH collected participant data for the study. LN, NS, and JH formatted and extracted the relevant data for the study. LN, LT, and ZS conducted the study analyses. All authors contributed equally to the writing and revision of the manuscript and approved the final version of the manuscript.



Funding

This work was supported by Canadian Institutes of Health Research (Grant Number: PJT-156306).



Acknowledgments

We acknowledge all the patients who contributed their valuable time to the provide data for our study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. About Underlying Cause of Death. CDC WONDER online database. (1999-2018). Available online at: https://Wonder.Cdc.Gov/Ucd-Icd10.Html (accessed October 20, 2021).

2. CDC Wonder. Wide-ranging online data for epidemiologic research (WONDER). Atlanta, GA: CDC, National Center for Health Statistics (2020).

3. Mattson CL. Trends and geographic patterns in drug and synthetic opioid overdose deaths — united states, 2013–2019. MMWR Morb Mortal Wkly Rep. (2021) 70:202–7. doi: 10.15585/MMWR.MM7006A4

4. Olfson M, Wall MM, Blanco David David C. Suicides among opioid overdose deaths - reply. JAMA J Am Med Assoc. (2020) 323:1410–1. doi: 10.1001/jama.2020.1458

5. Beth Dunlap MD, Adam S, Cifu MD. Clinical management of opioid use disorder. JAMA. (2017) 316:338–9. doi: 10.1001/jama.2016.9795

6. Wakeman SE, Larochelle MR, Ameli O. Comparative effectiveness of different treatment pathways for opioid use disorder. JAMA Netw Open. (2020) 3:e1920622–1920622. doi: 10.1001/JAMANETWORKOPEN.2019.20622

7. Evren C, Karabulut V, Can Y, Bozkurt M, Umut G, Evren B. Predictors of outcome during a 6-month follow-up among heroin dependent patients receiving buprenorphine/naloxone maintenance treatment. Klin Psikofarmakol Bülteni Bull Clin Psychopharmacol. (2016) 24:311–22. doi: 10.5455/bcp.20140310072258

8. Kuloglu M, Canan F, Asik A, Yalniz H, Yalincetin N, Gecici O. Predictors of relapse in patients with opioid addiction during buprenorphine–naloxone maintenance treatment. Addict Addict Disord. (2015) 2:1–3. doi: 10.24966/aad-7276/100005

9. Volkow ND, Jones EB, Einstein EB, Wargo EM. Prevention and treatment of opioid misuse and addiction: a review. JAMA Psychiatry. (2019) 76:208–16. doi: 10.1001/JAMAPSYCHIATRY.2018.3126

10. Ferri M, Finlayson AJR, Wang L, Martin PR. Predictive factors for relapse in patients on buprenorphine maintenance. Am J Addict. (2014) 23:62–7. doi: 10.1111/j.1521-0391.2013.12074.x

11. Subramaniam GA, Warden D, Minhajuddin A. Predictors of abstinence: national institute of drug abuse multisite buprenorphine/naloxone treatment trial in opioid-dependent youth. J Am Acad Child Adolesc Psychiatry. (2011) 50:1120–8. doi: 10.1016/j.jaac.2011.07.010

12. Ronquest N, Willson T, Montejano L, Nadipelli V, Wollschlaeger B. Relationship between buprenorphine adherence and relapse, health care utilization and costs in privately and publicly insured patients with opioid use disorder. Subst Abuse Rehabil. (2018) 9:59–78. doi: 10.2147/sar.s150253

13. McBrien H, Luo C, Sanger N. Cannabis use during methadone maintenance treatment for opioid use disorder: a systematic review and meta-analysis. CMAJ Open. (2019) 7:E665–73. doi: 10.9778/cmajo.20190026

14. Zielinski L, Bhatt M, Sanger N. Association between cannabis use and methadone maintenance treatment outcomes: an investigation into sex differences. Biol Sex Differ. (2017) 8:130. doi: 10.1186/s13293-017-0130-1

15. Schiff M, Levit S, Moreno RC. Retention and illicit drug use among methadone patients in Israel: a gender comparison. Addict Behav. (2007) 32:2108–19. doi: 10.1016/j.addbeh.2007.01.010

16. Griswold MG, Fullman N, Hawley C. Alcohol use and burden for 195 countries and territories, 1990-2016: a systematic analysis for the global burden of disease study 2016. Lancet. (2018) 392:1015–35. doi: 10.1016/S0140-673631310-2

17. Bagra I, Krishnan V, Rao R, Agrawal A. Does cannabis use influence opioid outcomes and quality of life among buprenorphine maintained patients? A cross-sectional, comparative study. J Addict Med. (2018) 12:315–20. doi: 10.1097/ADM.0000000000000406

18. Rosic T, Kapoor R, Panesar B. The association between cannabis use and outcome in pharmacological treatment for opioid use disorder. Harm Reduct J. (2021) 18:1–9. doi: 10.1186/S12954-021-00468-6

19. Sanger N, Panesar B, Rosic T, Dennis B, D’Elia A, Hillmer A, et al. The future of precision medicine in opioid use disorder: the inclusion of patient important outcomes in clinical trials. Braz J Psychiatry. (2020) 2020:1516. doi: 10.1590/1516-4446-2019-0734

20. VonElm E, Altman DG, Egger M. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: guidelines for reporting observational studies. Ann Intern Med. (2007) 147:573–7. doi: 10.7326/0003-4819-147-8-200710160-00010

21. American Psychiatric Association. Diagnostic and statistical manual of mental disorders: diagnostic and statistical manual of mental disorders. Arlington, VA: American Psychiatric Association (2013).

22. Marsden J, Gossop M, Stewart D. The maudsley addiction profile (MAP): a brief instrument for assessing treatment outcome. Addiction. (1998) 93:1857–67. doi: 10.1046/j.1360-0443.1998.9312185711.x

23. Naji L, Dennis BB, Bawor M. A prospective study to investigate predictors of relapse among patients with opioid use disorder treated with methadone. Subst Abus Res Treat. (2016) 10:9–18. doi: 10.4137/SART.S37030

24. StataCorp. Stata statistical software: release 13. College Station, TX: StataCorp LP (2013).

25. Vittinghoff E, McCulloch CE. Relaxing the rule of ten events per variable in logistic and cox regression. Am J Epidemiol. (2007) 165:710–8. doi: 10.1093/AJE/KWK052

26. Kleinbaum DG, Klein M. Introduction to Survival Analysis. New York, NY: Springer (2012). p. 1–54. doi: 10.1007/978-1-4419-6646-9_1

27. Leung K-M, Elashoff RM, Afifi AA. Censoring issues in survival analysis. Annu Rev Public Health. (1997) 18:83–104. doi: 10.1146/annurev.publhealth.18.1.83

28. Moss LM, Algera MH, Dobbins R. Effect of sustained high buprenorphine plasma concentrations on fentanyl-induced respiratory depression: a placebo-controlled crossover study in healthy volunteers and opioid-tolerant patients. PLoS One. (2022) 17:e0256752. doi: 10.1371/JOURNAL.PONE.0256752

29. Special Advisory Committee on the Epidemic of Opioid Overdoses. Opioid-related harms in Canada. Ottawa: Public Health Agency of Canada (2020).

30. Lucas P. Rationale for cannabis-based interventions in the opioid overdose crisis. Harm Reduct J. (2017) 14:58. doi: 10.1186/s12954-017-0183-9

31. Pugh G, Smith PB, Dombrowski DS, Welch SP. The role of endogenous opioids in enhancing the antinociception produced by the combination of Δ9-tetrahydrocannabinol and morphine in the spinal cord. J Pharmacol Exp Ther. (1996) 279:608–16.

32. Wills KL, Parker LA. Effect of pharmacological modulation of the endocannabinoid system on opiate withdrawal: a review of the preclinical animal literature. Front Pharmacol. (2016) 7:187. doi: 10.3389/fphar.2016.00187

33. Bachhuber MA, Saloner B, Cunningham CO, Barry CL. Medical cannabis laws and opioid analgesic overdose mortality in the united states, 1999-2010. JAMA Intern Med. (2014) 174:1668–73. doi: 10.1001/JAMAINTERNMED.2014.4005

34. Dennis BB, Sanger N, Bawor M. A call for consensus in defining efficacy in clinical trials for opioid addiction: combined results from a systematic review and qualitative study in patients receiving pharmacological assisted therapy for opioid use disorder. Trials. (2020) 21:3995. doi: 10.1186/s13063-019-3995-y

35. Rotermann M. What has changed since cannabis was legalized? Heal Reports. (2020) 31:11–20. doi: 10.25318/82-003-x202000200002-eng



OPS/images/fpsyt-13-1046649-g001.jpg
Participants enrolled in POST and
receiving buprenorphine-naloxone

treatment: n = 488

22 participants excluded for having a urine
toxicology screen positive for illicit opioids
at baseline

v

Participants included in
study analyses: N = 466






OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cannabis use and opioid relapse: An exploratory survival analysis of prospectively collected data



		Introduction



		Research question







		Materials and methods



		Study design



		Statistical analysis



		Handling of censored data







		Results



		Participant characteristics



		Primary analyses



		Multivariable-adjusted Cox regression: Predictors of relapse and the association with cannabis use



		Kaplan–Meier estimates: Association between cannabis use and relapse







		Sensitivity analysis: Handling of censored data







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References

















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Psychiatry

Cannabis use and opioid
relapse: An exploratory
survival analysis
of prospectively collected data









OPS/images/fpsyt-13-1046649-t001.jpg
Participant characteristic

Mean (SD)

Age (years)

Time on treatment (months)
Buprenorphine dose (milligrams)
N (%)

Female

Cannabis user

Married

Employed

Injection drug use

Illicit benzodiazepine use

Total
(n =466)

38.59 (10.73)
34.94 (33.32)
13.48 (13.35)

215 (46.14)
225 (48.28)
144 (30.90)
185 (39.70)
49 (10.52)
29 (6.22)

Relapsed
(n=212)

38.32 (10.44)
34.76 (37.22)
16.71 (16.80)

98 (46.23)
107 (50.47)
65 (30.66)
74 (34.91)
37 (17.45)
17 (8.01)

Not relapsed (i.e.,
censored, n = 254)

38.82 (10.99)
35.10 (31.77)
10.79 (8.71)

117 (46.06)
118 (46.47)
79 (31.10)
111 (43.70)
12 (4.72)
12 (4.72)

P-value

0.620
0.916
<0.001

0.972
0.388
0.918
0.053
<0.001
0.143






OPS/images/fpsyt-13-1046649-t002.jpg
Variable

Cannabis use

Female

Age (years)

Currently employed
Married

Injection drug use

Amt. of last
buprenorphine-naloxone dose
(milligrams)

Illicit benzodiazepine use
Time on treatment*

- > 12 months and
< 24 months

- > 24 months and

< 36 months

- > 36 months

Hazard ratio

1.03
0.89
1.00f
0.76
1.01
2.61
1.021*

142

1.04

0.56

0.63

95% CI

0.78, 1.36
0.67, 1.19
0.98, 1.01
0.57, 1.02
092, 1.10
174,391
1.01, 1.03

0.83,2.41

0.69, 1.58

0.34, 0.92

0.40, 0.98

THazard ratio calculated per one unit change of independent variable.

+HR = 1.22 per 10 mg increase in buprenorphine-naloxone dose.

*Compared to <12 months.

P-value

0.835
0.431
0.697
0.069
0.896
<0.001
<0.001

0.200

0.837

0.021

0.041







OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry







OPS/images/fpsyt-13-1046649-g002.jpg
Kaplan-Meier Survival Estimates

0.50 0.75 1.00
1 1 1

Relapse Free Survival

0.25
1

0.00
1

0 100 200 300
Time to Relapse (Days)

Cannabis Non-User Cannabis User






