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Abstract

IMPORTANCE Buprenorphine treatment for opioid use disorder (OUD) has more than doubled
since 2009. However, current US Food and Drug Administration buprenorphine dosing guidelines
are based on studies among people using heroin, prior to the emergence of fentanyl in the illicit
drug supply.

OBJECTIVE To estimate the association between buprenorphine dose and time to treatment
discontinuation during a period of widespread fentanyl availability.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study used statewide Rhode
Island Prescription Drug Monitoring Program data. Participants were Rhode Island residents initiating
buprenorphine treatment for OUD between October 1, 2016, and September 30, 2020. Data analysis
was performed from December 9, 2022, to August 10, 2023.

EXPOSURE Daily dose of buprenorphine (16 mg and 24 mg) defined starting on the day of initiation
based on total quantity and days’ supply dispensed. Patients were censored on any dose change.
MAIN OUTCOMES AND MEASURES Buprenorphine treatment discontinuation in the 180 days
following initiation, defined as a gap in treatment of more than 27 days based on prescription fill
dates and days' supply. Kaplan-Meier and Cox regression survival analyses were conducted to
estimate the association between buprenorphine dose and time to treatment discontinuation,
controlling for potential informative censoring and measured potential confounders.

RESULTS Among 6499 patients initiating buprenorphine treatment for OUD, most were aged 25 to
44 years (57%; n = 3682), were male (61%; n = 3950), and had private (47%; n = 3025) or Medicaid
(33%; n = 2153) insurance. More than half of patients were prescribed a daily dose of interest at
initiation (16 mg: 50%; n = 3264; 24 mg: 10%; n = 668). In Kaplan-Meier analyses, 58% of patients
discontinued buprenorphine treatment within 180 days (16 mg: 59% vs 24 mg: 53%; log-rank test
P =.005). In Cox regression analyses, patients prescribed a dose of 16 mg had a greater risk of
treatment discontinuation than those prescribed 24 mg (adjusted hazard ratio, 1.20; 95% Cl, 1.06-
1.37).

CONCLUSIONS AND RELEVANCE In this cohort study of patients initiating buprenorphine
treatment from 2016 to 2020, patients prescribed a 24 mg dose of buprenorphine remained in
treatment longer than those prescribed 16 mg. The value of higher buprenorphine doses than
currently recommended needs to be considered for improving retention in treatment.
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Introduction

Fentanyl and other potent synthetic opioids (hereafter referred to as fentanyl) are driving overdose
deaths in the US, with more than 71000 fentanyl-related deaths in 2021 alone.! Buprenorphine is
effective for treatment of opioid use disorder (OUD) and is known to decrease mortality risk by 50%
and confer other health and social benefits.2” The US Food and Drug Administration (FDA)
recommends a target dose of 16 mg for buprenorphine maintenance treatment, with an upper limit
of 24 mg.8° This dosing guidance was established prior to the emergence of fentanyl in the illicit
drug supply? and has not been formally reevaluated since fentanyl became widely available.

Some physicians have suggested that the current daily maintenance target dose of
buprenorphine (16 mg) may be inadequate to control withdrawal and cravings in patients who used
fentanyl” and that a higher daily dose may better suppress withdrawal and cravings.'>™ Such
opinions are consistent with case studies demonstrating benefits of higher buprenorphine doses in
patients who used fentanyl.™® Preclinical studies have shown that fentanyl is more efficacious as an
agonist of mu opioid receptors than morphine,’” and so it downregulates opioid receptor expression
to a higher degree.’® Correspondingly, fentanyl also induces tolerance to a higher degree than
morphine, a result of reduced opioid receptor expression.'® Together, these findings perhaps explain
why substitution therapy with a low-efficacy agonist like buprenorphine may require higher doses
when treating patients exposed to fentanyl than those exposed to morphinan opioids (eg, heroin and
oxycodone). Although observational analyses have also suggested higher buprenorphine doses may
potentially improve treatment effectiveness,?°-22 the findings have not been confirmed in a large
study using data from the fentanyl era that considers patients’ daily dose throughout follow-up.

To better understand the effectiveness of buprenorphine doses in the era of fentanyl for
treatment of OUD, we conducted a retrospective cohort study to estimate the association between
patients’ daily buprenorphine dose and retention in treatment over 180 days. The study was
conducted in a statewide population of Rhode Island residents initiating buprenorphine treatment
during a period with widespread fentanyl availability (2016 to 2020).2° During this period, fentanyl
was involved in most unintentional overdose deaths in Rhode Island, with 59% in 2016 and
increasing to 76% in 2020.3° We hypothesized that, if fentanyl use increases the optimal
buprenorphine dose, patients prescribed a lower dose would be more likely to discontinue treatment
within 180 days of initiation.

Methods

Study Data, Design, and Sample
We used data from the Rhode Island Prescription Drug Monitoring Program (PDMP) to conduct a
retrospective cohort study of residents initiating buprenorphine treatment for OUD for the first time
between October 1, 2016, and September 30, 2020. We aimed to ensure that patients were new to
buprenorphine treatment by including data from April 1, 2016, when complete PDMP data became
available. Each patient was followed for up to 180 days after initiation to evaluate retention in
treatment (ie, including PDMP data through March 31, 2021). The study was approved by the Brown
University and Rhode Island Department of Health Institutional Review Boards. Given that the study
used administrative PDMP data, patients did not provide informed consent for this study. This study
followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

Our analysis was limited to sublingual buprenorphine formulations indicated for OUD treatment
(ie, sublingual buprenorphine/naloxone film or tablets and buprenorphine monoproducts). Products
specifically FDA-approved for pain management were excluded (branded forms and generic
equivalents). We also excluded patients dispensed injectable buprenorphine formulations or other
alternative formulations in the 180 days after treatment initiation due to dosing differences and small
sample sizes.
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Key Measures

Outcome

The study outcome was time until buprenorphine treatment discontinuation during the 180-day
period following initiation. Discontinuation was defined as a gap in treatment of more than 27 days
based on prescription fill dates and days’ supply. Patients who filled prescriptions early (ie, before
finishing the days' supply from the prior prescription) were credited the extra days on their
subsequent prescription to reflect total days’ supply. The treatment discontinuation date was
defined as the final day of the available supply or final day of the available supply prior to a gap of
more than 27 days during the study period. Patients still engaged in treatment after 180 days were
censored. Each patient’s study follow-up period was defined as the time from treatment initiation to
treatment discontinuation or censoring, whichever occurred first.

Exposure

The study exposure was the patient’s daily dose of buprenorphine, defined starting on the day of
initiation based on the total quantity and days' supply dispensed for their first prescription. Patients
were censored if/when their daily dose changed. We categorized daily dosing to account for slight
variations in prescribing: 2 mg (O to <3 mg), 4 mg (3 to <6 mg), 8 mg (6 to <10 mg), 12 mg (10 to <14
mg), 16 mg (14 to <18 mg), 20 mg (18 to <22 mg), 24 mg (22 to <26 mg), 28 mg (26 to <30 mg), and 32
mg (=30 mg). Our primary analyses considered 2 dose categories: 16 mg and 24 mg, which are the
recommended and upper limit daily doses on the FDA-approved package insert, respectively.8'° In
exploratory analyses, we also considered an 8 mg dose; however, given current dosage guidance, this
was not a primary focus. We were unable to consider daily doses of more than 24 mg due to the small
number of patients prescribed such doses during the study period.

Baseline Measures

Baseline patient sociodemographic characteristics were identified a priori and defined based on the
first buprenorphine prescription: age group (18 to 24, 25 to 34, 35 to 44, 45 to 54, or =55 years), sex
assigned at birth (female, male, or unknown), health insurance type (Medicaid, Medicare, private, or
other or none), year of buprenorphine treatment initiation (2016, 2017, 2018, 2019, or 2020), and
distance from home to pharmacy based on zip code centroids (<5 miles, =5 miles, or unknown).
Additionally, we considered whether patients had an available days’ supply of a prescription
benzodiazepine or opioid (other than buprenorphine medication for OUD) in the prior 30 days at
baseline. These measures were hypothesized to be associated with censoring due to a dose change
and potentially confound the association between daily dose and time to treatment discontinuation.
The PDMP database does not include information on race and ethnicity.

Statistical Analysis
Study data were analyzed using SAS version 9.4 (SAS Institute). Statistical significance was set at
2-sided P < .05. We compared the sociodemographic and prescription characteristics of patients by
initial daily dose category (16 vs 24 mg) using X tests. We used Kaplan-Meier and Cox regression
survival analyses to estimate the association between daily dose and time to treatment
discontinuation, controlling for potential informative censoring with stabilized inverse probability of
censoring weights and controlling for potential confounding using stabilized inverse probability of
treatment (16 mg vs 24 mg) weights. In Kaplan-Meier analyses, we compared the time to treatment
discontinuation by daily dose using a log-rank test. Inverse probability of censoring weights and
inverse probability of treatment weights were calculated based on baseline age group, sex assigned
at birth, health insurance type, year of treatment initiation, distance from home to pharmacy, any
available days' supply of a benzodiazepine in the prior 30 days, and any available days’ supply of an
opioid in the prior 30 days. Cox regression models were fit with robust SEs.

Two stability analyses were used to assess whether our results were robust to certain decisions
about the study design and analysis. First, to consider the potential impact of patients who never
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initiated buprenorphine treatment, we excluded patients who had only been dispensed 1
buprenorphine prescription and/or a total of less than 7 days’ supply in the 180 days after treatment
initiation. Second, given that titration up to a stable dose typically occurred within 30 days of
treatment initiation, we also conducted an analysis restricted to patients engaged in treatment for at
least 30 days, defining their daily dose category on day 30 following initiation (if they did not have a
prescription that covered day 30, then their most recent prior dose was used) and starting follow-up
on day 30.

Results

From October 1, 2016, to September 30, 2020, 6679 Rhode Island residents initiated buprenorphine
treatment for OUD for the first time (Figure 1). Of those, 180 patients (3%) were excluded from the
study because they received an injectable or other alternative buprenorphine formulation. The
remaining 6499 patients were included in the study.

Characteristics of the Study Sample
Overall, most patients were aged 25 to 44 years (57%; n = 3682), were male (61%; n = 3950), and
had private (47%; n = 3025) or Medicaid (33%; n = 2153) health insurance (Table 1). The initial daily
buprenorphine dose for most patients was 8 mg (21%; n = 1343) or 16 mg (50%; n = 3264). Only 10%
of patients (n = 668) were initially prescribed 24 mg, and 0.2% (n = 15) were initially prescribed
more than 24 mg. Most patients received a film formulation (58%; n = 3747), started with a supply
of less than 8 days (58%; n = 3760), and lived less than 5 miles from their pharmacy (72%; n = 4711).
In bivariate analyses comparing patients prescribed an initial daily dose of 16 mg and 24 mg,
their sociodemographic characteristics and 30-day prescription history differed. Patients prescribed
16 mg more often were younger (40% vs 33% were aged 18 to 34 years), had Medicaid insurance
(36% vs 32%), and had initiated buprenorphine treatment in 2016 to 2018 (70% vs 64%), while they
less often were male (61% vs 63%) and had recent prescriptions for benzodiazepines (14% vs 18%)
and opioids (15% vs 19%). In contrast, initial buprenorphine prescription characteristics for patients
prescribed 16 mg and 24 mg were similar in terms of product formulation (film vs tablet) and distance
from their home to the pharmacy. However, patients prescribed an initial daily dose of 16 mg were
more often prescribed a buprenorphine/naloxone product (96% vs 93%) and an initial days’ supply
of less than 8 days (60% vs 50%).

Treatment Discontinuation

During the 180-day follow-up period, 46% of patients (n = 2960) were censored due to a dose
change. Patients initially prescribed 16 mg were more likely to be censored due to a dose change than
those prescribed 24 mg (39% vs 26%; X test P < .001). Among patients prescribed 16 mg and 24
mg who were censored due to a dose change, 71% (n = 902) and 90% (n = 156), respectively, had
experienced a dose increase, and the median time to the dose change was 15 days (IQR, 7-42 days)
and 20 days (IQR, 7-54 days). respectively. In Kaplan-Meier analyses with censoring due to dose
changes and reweighting to control for potential informative censoring and confounding, 59% of

Figure 1. Flowchart of Study Inclusion and Exclusion Criteria

6679 Rhode Island residents initiated buprenorphine treatment for OUD for
the first time between October 1, 2016, and September 30, 2020

180 Excluded patients dispensed an injectable or other alternative
buprenorphine product in the 180 days after initiation

6499 Patients included in the primary analysis 0UD indicates opioid use disorder.

[5 JAMA Network Open. 2023;6(9):€2334540. doi:10.1001/jamanetworkopen.2023.34540 September 18,2023 4/Mm

Downloaded From: https://jamanetwor k.com/ on 10/04/2023



JAMA Network Open | Substance Use and Addiction Buprenorphine Dose and Time to Discontinuation Among Patients With Opioid Use Disorder

patients initially prescribed 16 mg discontinued buprenorphine treatment within 180 days compared
with 53% of those prescribed 24 mg (log-rank test P = .005) (Figure 2). This difference was also seen
in Cox regression analyses with censoring due to dose changes and reweighting to control for
potential informative censoring and confounding. Patients prescribed 16 mg were more likely to
discontinue treatment than those prescribed 24 mg (adjusted hazard ratio, 1.20; 95% Cl, 1.06-1.37)

Table 1. Characteristics of the Study Sample

Participants, No. (%)

Initial daily dose®

Overall 16 mg 24 mg
Characteristic (N = 6499) (n =3264) (n = 668) P value
Sociodemographic characteristics
Age group, y
18-24 503 (8) 254 (8) 33(5)
25-34 1966 (30) 1044 (32) 185 (28)
35-44 1716 (26) 912 (28) 195 (29) <.001
45-54 1206 (19) 599 (18) 128(19)
255 1108 (17) 455 (14) 127 (19)
Sex assigned at birth
Female 2434 (37) 1182 (36) 239 (36)
Male 3950 (61) 1987 (61) 424 (63) .004
Unknown 115 (2) 95 (3) 5(1)
Health insurance type
Medicaid 2153 (33) 1162 (36) 214 (32)
Medicare 622 (10) 282 (9) 77 (12)
Private 3025 (47) 1555 (48) 311 (47) 03
Other or none 699 (11) 265 (8) 66 (10)
Year of treatment initiation
2016 543 (8) 285 (9) 57 (9)
2017 1963 (30) 1090 (33) 217 (32)
2018 1776 (27) 904 (28) 151 (23) .01
2019 1355 (21) 605 (19) 140 (21)
2020 862 (13) 380(12) 103 (15)
Prescription history in prior 30 d
Available days’ supply of a benzodiazepine
Yes 990 (15) 448 (14) 119 (18) .006
No 5509 (85) 2816 (86) 549 (82)
Available days’ supply of an opioid other than
buprenorphine
Yes 1072 (16) 475 (15) 125 (19) .006
No 5427 (84) 2789 (85) 543 (81)
Initial buprenorphine prescription characteristics
Product type
Buprenorphine monoproduct 406 (6) 142 (4) 48 (7) .002
Buprenorphine/naloxone 6093 (94) 3122 (96) 620 (93)
Product formulation
Film 3747 (58) 1887 (58) 392 (59) .68
Tablet 2752 (42) 1377 (42) 276 (41)
Days’ supply, d
<8 3760 (58) 1951 (60) 334 (50) <.001 2 Defined as the daily dose on their first
>8 2739 (42) 1313 (40) 334 (50) buprenorphine prescription, based on the total
Distance from home to pharmacy (miles)® quantity and days’ supply dispensed.
<5 4711 (72) 2303 (71) 494 (74) 16 b Based on zip code centroids.
>5 1760 27) 941 (29) 172 (26) € Counts of 1to 4 and associated percentages are
Unknown 28 (<1) 20 (1) e suplpressed in accordance with the Small Numbers
Policy of the Rhode Island Department of Health.
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(Table 2). In stability analyses which excluded patients dispensed only 1 prescription and/or a total of
less than 7 days' supply during follow-up and restricted to patients engaged in treatment for at least
30 days and considering the daily dose prescribed on day 30 (eTable, eFigure 1in Supplement 1), the
results were similar to the primary analysis. In exploratory analyses, time to treatment
discontinuation among patients prescribed 8 mg and 16 mg was similar (eFigure 1, eFigure 2 in
Supplement 1).

Discussion

During a period when fentanyl was common in theillicit drug supply in Rhode Island,?° nearly 5 times
as many patients with OUD were initially prescribed a buprenorphine daily dose of 16 mg compared
with 24 mg. However, those prescribed the higher dose were 20% more likely to be retained in

Figure 2. Time to Buprenorphine Treatment Discontinuation in the 180 Days After Initiation, by Daily Dose
Starting on Day O (Primary Analysis)

107 s
L_ - Daily dose
0.8+ H 16 mg
24 mg
>
% 064 Treatment discontinuation is defined as a gap in
2 treatment of more than 27 days, based on prescription
% fill dates and days’ supply. Analysis controls for
2 041 potential informative censoring using stabilized
3 inverse probability of censoring weights and for
0.2 potential confounding using stabilized inverse
Log rank P=.01 probability of treatment weights. Survival probability
indicates the probability patients are retained in

0 T T

0 50 160 150 260 buprenorphine treatment, with the shaded area
Time since initiation of treatment, d representing the 95% Cl. The number of patients at
No. at risk risk over time has been reweighted and, thus, is not
16mg 3264 1176 803 624 0 expected to align with the overall study sample size.
24 mg 690 350 270 222 0

Table 2. Association Between Daily Dose of Buprenorphine and Time to Treatment Discontinuation
in the 180 Days After Initiation®?

Hazard ratio (95% CI)

Daily dose Unadjusted Adjusted

Primary analysis: defining daily dose and starting follow-up on day 0¢

16 mg 1.22 (1.07-1.38) 1.20 (1.06-1.37)
24 mg 1 [Reference] 1 [Reference]
Stability analysis: defining daily dose and starting follow-up on day 0¢

16 mg 1.22 (1.05-1.42) 1.18(1.01-1.37)
24 mg 1 [Reference] 1 [Reference]
Stability analysis: defining daily dose and starting follow-up on day 30¢

16 mg 1.18(1.02-1.37) 1.16 (1.00-1.34)
24 mg 1 [Reference] 1 [Reference]

@ Each model controls for potential informative censoring using stabilized inverse probability of censoring weights and for
potential confounding using stabilized inverse probability of treatment weights.

b Defined as a gap in treatment of more than 27 days, based on prescription fill dates and days' supply.

¢ Limited to patients who started buprenorphine treatment at 16 mg or 24 mg, and censoring patients if/when they
deviated from that dose.

d Limited to patients who were dispensed more than 1 buprenorphine prescription and at least 7 total days' supply during
follow-up and started buprenorphine treatment at 16 mg or 24 mg, and censoring patients if/when they deviated from
that dose.

¢ Limited to patients who engaged in buprenorphine treatment for at least 30 days and were prescribed 16 mg or 24 mg
on day 30, and censoring patients if/when they deviated from that dose.
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treatment over 180 days. Of those prescribed 16 mg buprenorphine, 59% discontinued treatment
within 180 days compared with 53% of those prescribed 24 mg. Patients prescribed an initial daily
dose of 24 mg were more likely than those prescribed 16 mg to have initiated treatment in later years
(eg, 2019 and 2020).

We interpret the findings as evidence that future research should examine whether fentanyl
predominance in the drug supply may be associated with increases in the optimal buprenorphine
dose for treatment of OUD. The currently recommended dose of 16 mg&°
conducted prior to the widespread availability of fentanyl, %> and our finding suggests that a higher
dose may now improve retention in treatment. This interpretation is consistent with addiction
specialist commentaries that have challenged the value of 16 mg as an optimal buprenorphine
dose'12-14
improve buprenorphine treatment effectiveness.?°-28 The findings also support clinician accounts
that higher than recommended buprenorphine doses are increasingly needed to suppress
withdrawal and cravings.®

Preclinical studies suggest that fentanyl downregulates mu opioid receptor expression to a

was derived from studies

as well as limited observational analyses suggesting that higher doses may potentially

higher degree than morphine and induces greater (or at least more rapid) tolerance to its effects.'®'®
Assuming that such preclinical data reflect the human condition, it would be predictable that higher
doses of a partial agonist like buprenorphine may be needed to substitute for fentanyl than were
previously needed to replace opioids like morphine. It may also be worth noting that some emerging
benzimidazole opioids (commonly known as nitazenes®?) are more potent than fentanyl, and are
also more efficacious in stimulation of mu opioid receptor signal transduction than fentanyl,
suggesting they may also require higher doses of buprenorphine than when morphinans were
predominant.®3

Even at a 24 mg daily dose, 53% of patients in the present study discontinued buprenorphine
treatment within 180 days of initiation. This is consistent with previous observational analyses
suggesting dose-dependent benefits of daily doses up to 32 mg.2°28 While some reasons for
discontinuation may be unaffected by higher buprenorphine doses,** some patients who use
fentanyl require buprenorphine doses greater than the FDA-approved 16 or 24 mg doses to control
withdrawal and cravings.3> We had hoped to examine doses higher than 24 mg in the current study,
but an insufficient number of patients in Rhode Island were prescribed such doses during the study
period. This is an important area for future research, as it is uncertain where the ceiling is on the
treatment effect in the era of fentanyl.>> In a study from before fentanyl's predominance, retention
in treatment increased between 8 and 16 mg doses,?2 but in our study, retention was similar for
doses of 8 and 16 mg. This may suggest a rightward shift in the dose-response curve, which would
support reassessment of the treatment effect dose plateau in contemporary cohorts.

Limitations

This study was observational and, although we attempted to account for measured factors that may
be associated with buprenorphine dose and retention in treatment, residual confounding may
remain. In particular, clinician prescribing practices may be influenced by unmeasured patient
sociodemographic characteristics, social determinants of health (eg, unstable housing®#), or clinical
factors (eg, illicit drug use history, continued use of nonprescribed fentanyl, or comorbid chronic
pain). Characteristics of the clinicians’ facilities may also confound the results (eg, addiction clinics
with wraparound services vs other settings). These factors could have affected our study, but our
findings do support conduct of future randomized clinical trials to examine of the value of higher
buprenorphine doses, which may ultimately inform updates to OUD treatment guidelines. Detailed
measurement of sociodemographic characteristics, social determinants of health, and clinical factors
in such trials would be useful. Furthermore, while this study provides data regarding dose effects on
treatment retention, it will also be important to evaluate higher buprenorphine doses in terms of
other health outcomes associated with recovery, such as opioid overdose and quality of life. Prior
work suggests that improved retention in buprenorphine treatment reduces risk of overdose and
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death,>>7 but measurement of these outcomes in a randomized clinical trial would be optimal to
evaluate the full risks and benefits of higher buprenorphine doses.

This study also had other important limitations. The Rhode Island PDMP includes data on
buprenorphine prescriptions dispensed to Rhode Island residents by out-of-state retail pharmacies
but does not capture data on buprenorphine provided in some health care settings (eg, hospital or
opioid treatment program) or correctional institutions. In addition, although all patients included in
the study had at least 180 days prior to initiation with no buprenorphine dispensed by a retail
pharmacy, some may have had buprenorphine treatment prior to April 2016. Classifications of daily
dose and treatment discontinuation were based on fill dates, total quantity dispensed, and days’
supply dispensed for each prescription, which may not reflect how the patient took or was instructed
to take the medication, especially for the initial prescription. Thus, it was notable that our findings
were similar when we considered initial daily dose and that on day 30, when initial titration to a stable
dose has typically been completed. We assessed retention in treatment over a 180-day period as to
align with the National Quality Forum measure of treatment continuity for OUD.3® This measure and
our analysis assume all patients benefit from continued buprenorphine treatment for at least 180
days, which may or may not be true for everyone. In addition, we observed improved retention
among patients prescribed 24 mg vs 16 mg of buprenorphine, but limitations in the available data
prevented assessment of whether 32 mg would be associated with further improvements in
retention. Despite these caveats, our longitudinal study design and consideration of a statewide
population provide strong support that a rigorous reassessment of optimal buprenorphine dosing is
warranted, particularly given fentanyl predominance in the illicit drug supply.

Conclusions

In this study, during a period of widespread fentanyl availability, a buprenorphine dose of 24 mg was
associated with improved retention in treatment compared with the FDA-recommend 16 mg dose.
Provided these findings are replicated by future randomized clinical trials, treatment guidelines for
OUD may need to be reevaluated to include options for higher buprenorphine doses.
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