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Abstract 
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Abstract 

Extended-release medications for opioid use disorder (ERMOUD) are newer additions to 

combat the opioid epidemic. While more expensive than daily-administered formulations, they 

offer unique advantages.  These include lessening the burden and constraints of daily adherence, 

improving treatment retention, and potentially improving long term remission, along with 

eliminating the risk of drug diversion and fatal accidental poisoning in children. 

Opioid use disorder (OUD) is now viewed as a chronic medical condition, requiring long-

term treatment, expectant of relapses and illicit reuse, and multiple treatment strategies and trials.  

Therefore, it is important to evaluate the cost-effectiveness of these newer extended-release 

medications, along with the daily-administered formulations, in the context of this newly adopted 

disease paradigm. 

In Chapter One, we performed a cost-effectiveness analysis of ERMOUDs in both single-

drug and multi-drug-in-sequence treatment strategies, allowing for readmission and transition to 

another drug regimen upon discontinuation or attrition due to illicit opioid use.  Prior economic 

models did not allow treatment reentry nor switching.  We found that ERMOUD multi-drug-in-

sequence combination treatment strategies prove more cost-effective than single-drug ERMOUD 

treatment strategies and are a cost-effective alternative to daily administration MOUD regimens. 



 v 

We triplicated our model in Chapter Two to compare three different drug pricing 

schedules: Wholesale Acquisition Costs (WAC), Drug Manufacturer’s Net Price (DMN), and 

Medicaid Rebate-Adjusted Prices (MRA).  We found that using MRA prices, which represents the 

majority of OUD patients, increases the viability and cost-effective competitiveness of 

ERMOUDs, while closer approximating real-world pricing conditions. 

We further expanded our model in Chapter Three to include the original mainstays of 

MOUD, Methadone and Buprenorphine Maintenance Treatments, both singly and in multi-drug-

in-sequence combinations.  Thus, we were able to conduct a comprehensive cost-effectiveness 

analysis on essentially all available MOUD treatment strategies, allowing for readmission and drug 

switching.  We found that, while the newer ERMOUDs are an important addition to the treatment 

options of OUD, and provide unique clinical advantages over the daily formulations, the single-

drug BMT-only treatment strategy tested as the most cost-effective, at least until the price of both 

extended-release and daily formulations better align with their demonstrated benefits.  
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1.0 Cost-Effectiveness of Extended-Release Medications for Opioid Use Disorder 

Treatment Strategies: Single-Drug and Multi-Drug-in-Sequence Regimens 

1.1 Introduction 

The United States continues to struggle with the opioid epidemic, deemed a Public Health 

Emergency in 2017.1  As understanding of opioid use disorders (OUD), the disease driving the 

epidemic, evolves, treatment strategies do as well.  OUD is now recognized as a chronic, relapsing 

condition, requiring longer episodes of continuous treatment like other chronic diseases.  

Treatment has therefore shifted away from an acute care paradigm, as abstinence achieved in the 

short-term is not predictive of long-term remission.2  Although there are a number of “Medication-

Assisted Treatment (MAT) Models of Care,”3 these models focus more on the implementation of 

treatment.  As OUD treatment changes to a chronic disease paradigm, one that expects periods of 

abstinence punctuated by relapses, and multiple treatment initiations and premature 

discontinuations,4 we must evaluate Medications for Opioid Use Disorder (MOUD) use singularly, 

as well as in series with other MOUDs.  In this Cost-Effectiveness Analysis of Extended-Release 

Medications for Opioid Use Disorder (ERMOUD), we evaluate both single-drug treatment 

strategies and multi-drug-in-sequence treatment strategies. 

Three drugs are approved by the US Food and Drug Administration for MOUD: 

Methadone, Buprenorphine, and Naltrexone.  MOUDs have been proven effective therapy, and 

widely-acknowledged as the gold-standard of care.  In an effort to enhance retention, increase 

adherence, improve safety, and minimize drug diversion, long-acting or extended-release 

formulations of Buprenorphine and Naltrexone have been developed.  Currently available in the 
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US are two once-monthly depot injections, one of buprenorphine (Sublocade) and one of 

Naltrexone (Vivitrol), and one 6-month subdermal implant of Buprenorphine (Probuphine). [Table 

1.1]  

Table 1.1 Scope of the Review 

  

Prior economic models assume no treatment reentry after relapse to illicit opioid use or 

transitioning to other treatment regimens (a multi-drug-in sequence treatment strategy) following 

MOUD discontinuation.  A cost-effectiveness model of Probuphine from a US societal 

perspective, including both direct medical costs and non-medical costs (such as criminal justice 

costs and lost productivity), with a 12-month time horizon found Probuphine to be cost-effective 

over sublingual buprenorphine with slightly increased QALY’s, and lower overall costs.5  Vivitrol 

cost-effectiveness was compared to methadone and buprenorphine maintenance treatments by 

estimating the incremental cost per opioid-free day over a 6-month time horizon.  Vivitrol was 

found to cost $72/opioid-free-day compared to methadone maintenance treatment, without quality 

of life estimates, QALY calculations, or accounting for induction attrition due to illicit opioid use, 

Name Drug Delivery FDA Approval

FDA 

Recommended 

Dosing

Vivitrol
Naltrexone for Extended-

Release Injectable 

Suspension

Monthly Intramuscular 

Injection
October 13, 2010

Minimum of 7-10 days of 

opioid withdrawal. 380 mg 

injections every four weeks 

or once a month. 

Sublocade
Buprenorphine Extended-

Release Injection for 

Subcutaneous Use

Monthly Subcutaneous 

Injection
November 30, 2017

Initiated after at least 7 

days of 8 to 24 mg daily 

transmucosal bup. Monthly 

loading dose 300 mg times 

2 then 100 mg monthly. 

Probuphine Buprenorphine Implant
6 Month Subdermal 

Implant
May 26, 2016

Initiated after 3 months of 

8 mg or less daily 

transmucosal bup. 

Subdermal insertion for 6 

months consecutively in 

each arm, then back to 

transmucosal bup. 
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a significant issue particular to Vivitrol which requires an opioid-abstinent induction period of 7-

12 days.6 

The Institute for Clinical and Economic Review (ICER_Report) released a report on the 

cost-effectiveness of ERMOUDs that is most comparable to our study, with some important 

similarities and differences.7  They compared four ERMOUDs (Vivitrol, Probuphine, Sublocade, 

and Brixadi) individually to generic Sublingual-Buprenorphine/Naloxone (gSL-Bup/Nal), using a 

Markov model from a U.S. health care perspective, with a 4-week cycle run over a 5-year time 

horizon, and treatment-specific efficacy and attrition rates derived from key relevant clinical trials, 

also used in our analysis. [Table 1.2]  They found Vivitrol was dominated by gSL-Bup/Nal, 

Sublocade wasn’t cost-effective even under unreasonably favorable assumptions, and Probuphine 

was dominant relative to gSL-Bup/Nal, only under a modified societal perspective.  Their 

conclusion was that these ERMOUDs represented “low value for the money.”8 However, they 

stated that their analysis was limited by lacking the evidence on treatment pathways following 

MOUD discontinuation and how patients transition to different therapies.   

Our model directly addresses these limitations by comparing ERMOUDs as single-drug 

treatment strategies and multi-drug-in-sequence treatment strategies, along with gSL-Bup/Nal.  

We hypothesize that multi-drug-in-sequence treatment strategies that follow patients cycling 

through different therapies, as in the real-world, will be deemed a cost-effective MOUD regimen, 

and warrant reconsideration from practitioners and policymakers alike in combatting the opioid 

epidemic, especially during this COVID-19 pandemic, when ERMOUDs could be particularly 

beneficial. 
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1.2 Methods 

We developed a decision analytic model using individual Markov models of 15 MOUD 

drug treatment regimen strategies, including 3 single-drug strategies, and 12 multi-drug-in-

sequence strategies that allowed switching to another drug and readmission upon discontinuation 

or attrition due to illicit opioid use. [Figure 1.1]

 

Figure 1.1 Tested Treatment Strategies 

Model cycle length was one week, and the model was run for 4 separate time-horizons: 6-

months, 1-year, 18-months, and 2-years.  Our model was informed by, and measures of drug 
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efficacy and treatment attrition were gathered from, key clinical trials and relevant past economic 

models. [Tables 1.2 & 1.3] 

Table 1.2 Key Clinical Trials 

   

Table 1.3 Measurements of Efficacy 

 

We assumed direct transfer to the alternate drug regimen in our multi-drug-in-sequence 

strategies, however, a gap in time between treatment regimens, or a discontinuity of  care, would 

not theoretically alter our model’s results, as we chose to not modulate the second drug 

regimen’s induction probability.  Without any study statistics, to date, on multi-drug-in-sequence 

strategies, the effect of one MOUD preceding another, nor the temporal interruption in treatment, 

is unknown.  Both an increase and decrease in the induction to the second drug or transfer 

regimen with an increasing gap between the two could be argued, as one may be more motivated 

to succeed at the second treatment option, or may be less dedicated to treatment upon 

discontinuation of the first regimen.  We acknowledge that there likely is an influence from the 

first drug on the second, but until more data is available, our model will be unmodulated.   

• Abstinence not reported

• Outcome assessed over 24 weeks 

Vivitrol 

X-BOT Phase IV 
Detoxification: yes, protocols and length of time 

varied by site 
Before induction 

• Time to relapse event reported 

Tanum 2017 
Phase III RCT Non- 

inferiority 
12 Detoxification: yes After detoxification 

• Urine samples used to assess abstinence 

• Outcome measured over 12 weeks 

Induction: run-in induction phase with SL bup/nal 

film followed by open-label phase with 8 to 24 mg 

doses of bup/nal for four to 11 days 

• Outcome measured over 24 weeks 

Probuphine Rosenthal 2016 
Phase III Non- 

inferiority 
24

Detoxification: none 

After induction 

• Urine samples and self-report used to assess 

abstinence 

Induction: stable dose of 8 mg/day or less of 

sublingual buprenorphine received for at least 24 

weeks 

Sublocade Trial 13- 0001 Phase III RCT 24

Detoxification: none 

After induction 

• Combination of urine samples and self-report 

used to assess abstinence 

Drug Trial Study Design Weeks Detoxification/ Induction Period 
Time of 

Randomization 
Outcomes 

Drug Name Trial Induced Abstinence Attrition

Vivitrol Lee (X:BOT) 72.08% 51.96% 52.94%

Sublocade* Haight (Trial 13-0001) 60.84% 12.31% 37.13%

Probuphine Rosenthal (PRO-814) 89.10% 80.46% 6.90%

gSL-Bup/Nal Fudala (2003) 71.62% 53.00% 44.70%

*Statistics used from this study reflect individual’s 100% abstinence, instead of participant’s mean percentage abstinence, to match outcomes of the other two studies
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We took a health care perspective, and included drug prices using Wholesale Acquisition 

Cost (WAC, the most commonly used drug pricing benchmark9), and direct drug administration 

costs using CPT codes. [Table 1.4]  Other health care costs, which are highly variable depending 

on geographic and demographic differences, healthcare provider and payor, were not included to 

ensure greater generalizability of results.   

Table 1.4 Drug Costs 

Name Drug Costs*/wk Admin. Costs/wk 

Vivitrol $327.25 $5.22** 

Sublocade $395.00 $5.22** 

Probuphine $190.38 $11.88§ 

*Costs based on Wholesale Acquisition Costs (WAC) 

**SC/IM Injection Administration (CPT Code: 96372) 

§Implant Insertion/Removal (CPT Code: 11981/11982) 

  

Health utilities were sourced from the published literature, including a study that employed 

a cross-sectional online US survey.10,11 [Table 1.5] 

Table 1.5 Health Utilities 

Health Utilities Vivitrol Sublocade Probuphine 

Induction 0.660 0.660 0.766✢ 

MAT w/o IUO 0.766 0.766 0.766 

MAT w/ IUO* 0.660 0.660 0.660 

OFF MAT w/o IUO 0.852 0.852 0.852 

OFF MAT w/ 

IUO** 
0.635 0.635 0.635 

Death 0.000 0.000 0.000 

*Combination of Prescription Opioid User & Intravenous Drug User Health Utilities: 0.700 & 0.618 at 

50.7%/49.3% (Prescription/IVDU) 

 

**Combination of Prescription Opioid User and Intravenous Drug User Health Utilities: 0.694 & 0.574 at 

50.7%/49.3% (Prescription/IVDU) 

 

 

✢Higher than other 2 Induction Utilities due to all cohort assumed to enter already on MAT (SL 

Buprenorphine) and clinically stable/abstinent 
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Each Markov Model has 6 health states, with the cohort entering the model in the Induction 

Health State.  There are 4 health states denoting illicit opioid use or abstinence both in and out of 

treatment, and an absorbing death health state.  Readmission or Switching to another drug 

treatment is allowed from the “Retained-Reused” (in treatment with illicit use of opioids) Health 

State in some tested strategies and returns to the Induction Health State. [Figure 1.2] 

 

Figure 1.2 Markov Model Map 

When to allow Readmissions for Vivitrol and Sublocade was determined by a sensitivity 

analysis.  A pre-determined combination of varying time lengths of allowable readmission 

windows was tested, in both the induction phase and the first weeks of treatment.  Accordingly, 

we allowed for readmission and switching drug treatments in the initiation (induction period and 

first weeks of treatment).  Specifically, the single-drug treatment strategies did not allow for any 

readmission, whereas the multi-drug-in-sequence treatment strategies allowed for the minimum 

readmission windows for both the induction and treatment phases to permit transfer to another 

drug regimen upon discontinuation secondary to Illicit Use of Opioids (IUO). 
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A cost-effectiveness analysis was run to determine the undominated strategies in each 

chosen time-horizon, producing cost-effectiveness frontier graphs [Appendix A.1] with 

corresponding incremental cost-effectiveness ratios, at a Willingness-to-Pay (WTP) of $50,000.  

All 15 drug treatment regimen strategies were included in the 1-year and longer time-horizons, 

and 10 strategies (excluding the strategies that included a second Probuphine implant) were 

included in the 6-month time-horizon.  The undominated strategies’ Markov Models were 

individually run to evaluate the cohort’s movement through the health states in all time-horizons.  

The proportion of the cohort in each health state both at the end of the time-horizon, as well as 

cumulative time spent during the time-horizon (AUC) was then compared amongst the other 

undominated strategies. [Appendix A.6] 

Uncertainty was evaluated by both one-way and probabilistic sensitivity analysis.  Model 

probability and health utilities were varied ±10%, with drug costs varying ±25%, and direct drug 

administration costs varying ±20%.  Probabilistic sensitivity analysis was done using Monte Carlo 

simulations over 5,000 trials, with parameters assuming triangular distributions, producing cost-

effectiveness scatterplots [Appendix A.2], acceptability curves [Appendix A.3], and strategy 

selection graphs [Appendix A.4] for all time-horizons.  Further investigation of parameter 

uncertainty and key model economic drivers in the resulting predominant strategies was performed 

with one-way sensitivity analysis, by way of incremental cost-effectiveness scatterplots and 

tornado diagrams. [Appendix A.5]   
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1.3 Results 

The “generic Sublingual-Buprenorphine/Naloxone” (gSL-only) treatment strategy was the 

least expensive and least effective strategy in all time-horizons (whereas Sublocade and 

Sublocade-containing strategies were always dominated, i.e., more costly and less effective than 

other strategies).  The gSL-only cost-effectiveness ratio was the lowest and most advantageous, 

except for in the 2-year time-horizon, largely due to significantly lower costs compared to 

ERMOUDs and was used as the baseline for all comparative analyses.  Our model found three 

undominated strategies when run over a 6-month time-horizon, and four undominated strategies 

when run over time-horizons of 1-year or more, all including the gSL-only treatment strategy.  

However, all drug treatment regimen strategies tested had cost-effectiveness ratios well below our 

WTP of $50,000 when compared individually to the common baseline gSL-only strategy, ranging 

from $3,884 － $34,651. 

Table 1.6 Incremental Cost-Effectiveness Ratios of Undominated Strategies 

 

1.3.1 Readmission and Transfer Determination 

Our one-way sensitivity analysis to determine the length of time in both the induction and 

treatment health states where treatment reentry or transfer to alternate treatment showed that no 

readmissions of any length, either in induction or treatment, were cost-effective.  However, it did 

Treatment Strategy 6-months Treatment Strategy 1-year 18-months 2-years

gSL-Only $0 gSL-Only $0 $0 $0

PRO1 → VIV $21,595 PRO1 → gSL $9,688 $5,655 $3,884

VIV → PRO1 $470,387 VIV → PRO1 $138,627 $129,518 $110,233

VIV → PRO2 $171,968 $306,087 $274,911
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show that while increasing the allowable weeks for readmission in the treatment health state 

became increasingly less cost-effective, increasing the allowable weeks for readmission in the 

induction health state was undominated, but more costly and more effective.  

 

Figure 1.3 Readmission Sensitivity Analysis 

A more thorough one-way sensitivity analysis was conducted wherein the readmission 

window was tested from 0 weeks allowed (meaning NO Readmission Allowed upon treatment 

discontinuation due to "Relapse" or IUO), to 10 weeks.  Again, not allowing any readmissions, in 

any week tested, was most cost-effective for both the Induction Health State, and the Initial 

Treatment Health State. 
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1.3.2 6-Month Time-Horizon Results 

1.3.2.1 Undominated Strategies & ICERs 

Over a 6-month time-horizon, the “Probuphine (1-cycle) → Vivitrol” (PRO1→VIV) and 

its reverse “Vivitrol → Probuphine (1-cycle)” (VIV→PRO1) treatment strategies (where those in 

the cohort who used illicit opioids in the induction period or first few weeks of treatment were 

allowed to readmit or switch to the other drug in the treatment strategy) were found to be 

undominated strategies [Table 1.6], along with the baseline gSL-only strategy.  Only the 

PRO1→VIV treatment strategy had an ICER below $50,000 (ICER = $21,595) when compared 

together with the other 8 strategies to gSL-only strategy.  Further analysis was conducted to 

compare gSL-only to PRO1→VIV, the next most cost-effective undominated treatment strategy, 

as was performed in all time-horizons.   

 

Figure 1.4 Cost-Effectiveness Frontier (6-month timeframe) 
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1.3.2.2 Health State Tracings & Comparisons 

The PRO1→VIV strategy resulted in 3.3 times more of the cohort in the Retained-

Abstained health state (those in treatment and not illicitly using opioids) compared to the gSL-only 

strategy.  Whereas the gSL-only strategy resulted in 3.3 times more who Relapsed (those who left 

treatment illicitly using opioids), 1.4 times more Retained-Reused (those who are illicitly using 

opioids during treatment), and 2.8 times more Dead than the PRO1→VIV strategy. While the gSL-

only strategy did result in a significantly higher proportion of the cohort in the Remission health 

state (those who left treatment without illicitly using opioids), this can be attributed to the fact that 

the Probuphine implant does not allow for treatment discontinuation as Sublingual-

Buprenorphine/Naloxone does.  This advantage in those in Remission disappears when comparing 

the overall abstinence rate both in and out of treatment (Retained-Abstained AND Remission 

combined), where the PRO1→VIV strategy results in 1.6 times more of the cohort abstaining from 

illicit opioid use.  Conversely, the gSL-only strategy resulted in nearly 2 times the number of those 

who Relapsed or Reused (Retained-Reused AND Relapsed combined) compared to the 

PRO1→VIV strategy. [Appendix A.6] 

1.3.2.3 Sensitivity Analysis 

Monte Carlo probabilistic sensitivity analysis found that two strategies were most cost-

effective: the PRO1→VIV strategy, and the "Probuphine → generic SL-Buprenorphine/Naloxone" 

(PRO1→ gSL) strategy.  When the 10 strategies not containing a second cycle of Probuphine (2 

ERMOUD single-drug strategies, 7 sequentially transitioning ERMOUD multi-drug-in-sequence 

strategies, and our comparator gSL-only strategy) were analyzed, the ERMOUD strategies were 

found to be more cost-effective over the daily formulation gSL-only strategy comparator at around 

the $15,000 WTP range.  This decreased to around $7,000  WTP threshold when only the 
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undominated strategies (and predominate strategies from the Monte Carlo Sensitivity Analysis) 

were reanalyzed.  After either of these thresholds, the PRO1→VIV strategy was consistently the 

preferred cost-effective drug regimen.  In the 6-month time-horizon, the PRO1→VIV strategy was 

found to be the most cost-effective treatment strategy 51.9% of the time, compared to the PRO1→ 

gSL strategy, which was found to be the most cost-effective treatment strategy 46.3% of the time, 

with 5,000 Monte Carlo trials, at a WTP of $50,000. [Appendix A.4] 

 

Figure 1.5 Monte Carlo Acceptability Curve (6-month timeframe) 

Comparing these two strategies directly by incremental cost-effectiveness scatterplot 

resulted in the PRO1→ gSL strategy being either superior, or had both a higher cost and 

effectiveness, with an ICER less than $50,000, 46.3% of the time. [Appendix A.2]  Further 

examination into the individual variable uncertainties of these two strategies with one-way 

sensitivity analysis, found that the model was only sensitive to Vivitrol-related parameters, led 

mostly by the probability of passing the induction period before entering into Vivitrol treatment, 

followed by the probability of discontinuing Vivitrol treatment, and the probability of using 

opioids while being treated with Vivitrol. [Appendix A.5] 
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1.3.3 Longer than 6-Months’ Time-Horizon 

1.3.3.1 Undominated Strategies & ICERs 

The 1-year and longer (1-year, 18-months, and 2-years) time-horizons resulted in the same 

undominated strategies.  Along with the gSL-only strategy, the next most cost-effective was the 

PRO1→ gSL strategy, followed by the “Vivitrol → Probuphine (1-cycle)” and the “Vivitrol → 

Probuphine (2-cycles)” (VIV→PRO1 and VIV→PRO2).  Only the PRO1→gSL treatment strategy 

had an ICER below $50,000 (ICERs = $9,6881-year - $3,8842-year) when compared together with the 

other 13 strategies to the gSL-only strategy. [Table 1.6]  

1.3.3.2 Health State Tracings & Comparisons 

The PRO1→ gSL strategy resulted in much higher proportions of those who abstained from 

illicit use of opioids while in treatment (Retained-Abstained) compared to the gSL-only strategy, 

increasing from 5.1 times more in the 1-year time-horizon, to 13.2 times more in the 2-year time-

horizon.  

  

Figure 1.6 Retained-Abstained Health State Proportions Comparison 
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Conversely, the proportion of the cohort who reused illicit opioids while in treatment rose 

in the gSL-only strategy compared to the PRO1→ gSL strategy, from 3.1 times more in the 1-year 

time-horizon, to 5 times more in the 2-year time-horizon.  Those leaving treatment abstinent of 

illicit opioid use (Remission) was higher in the gSL-only strategy, but not nearly as high as the 

PRO1→VIV strategy compared to the gSL-only strategy in the 6-month time-horizon, and 

decreased over time, from 1.5 times higher than the PRO1→ gSL strategy in the 1-year time-

horizon, to close to even in the 2-year time-horizon.  Similarly, those leaving treatment with illicit 

opioid use (Relapsed) and those Dead were higher in the gSL-only strategy compared to the 

PRO1→ gSL strategy, as they were compared to the PRO1→VIV in the 6-month time-horizon.  

However, these differences lowered over time, where those who Relapsed in the gSL-only strategy 

decreased from 1.4 times more compared to the PRO1→ gSL strategy in the 1-year time-horizon, 

to 1.1 times more; and mortality decreased from 2.1 times higher in the 1-year time-horizon, to 1.4 

times higher in the 2-year time-horizon.  Again, as we saw in the 6-month time-horizon, the 

ERMOUD-containing strategy (the PRO1→ gSL strategy), had higher overall abstinence rates 

both in and out of treatment (Retained-Abstained AND Remission combined) throughout the 1-

year and longer time-horizons, ranging from 1.4 times higher in the 1-year time-horizon to 1.3 

times higher in the 2-year time-horizon compared to the gSL-only strategy.  Also, the overall illicit 

use of opioids (Retained-Reused AND Relapsed combined) was higher in the gSL-only strategy 

compared to the PRO1→ gSL strategy, ranging from 1.6 times higher in the 1-year time-horizon, 

to 1.3 times higher in the 2-year time-horizon. [Appendix A.6] 

1.3.3.3 Sensitivity Analysis 

Probabilistic Sensitivity Analysis using the Monte Carol method identified two strategies 

that were most cost-effective: the PRO1→ gSL strategy and the VIV→PRO1 strategy.  When all 
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15 strategies were analyzed (2 ERMOUD single-drug strategies, 12 sequentially transitioning 

ERMOUD multi-drug-in-sequence strategies, and our comparator gSL-only strategy), ERMOUD 

strategies were found to be more cost-effective over the daily formulation gSL-only strategy 

comparator at around the $3,000 WTP range in the 1-year time-horizon, falling to around the 

$2,500 WTP range in the 2-year time-horizon.  This was similar when only the undominated 

strategies (and predominate strategies from the Monte Carlo Sensitivity Analysis) were 

reanalyzed.  After either of these thresholds, the PRO1→ gSL strategy was largely the preferred 

cost-effective drug regimen when the WTP was less than around $63,000 in the 1-year time-

horizon, falling to less than around $49,000 in the 2-year time-horizon.  Above these thresholds 

the VIV→PRO1 strategy was found most cost-effective, meaning that in the 2-year time-horizon, 

with a WTP of $50,000, the VIV→PRO1 strategy was preferred. [Appendix A.3]  The PRO1→ 

gSL strategy was most cost-effective treatment strategy 55.0%1-year, 56.2%18-months, and 45.9%2-year 

of the time, compared to the VIV→PRO1 strategy, which was most cost-effective treatment 

strategy 28.9%1-year, 41.7%18-month, and 52.4%2-year of the time in their respective time-horizons, 

with 5,000 Monte Carlo trials, at a WTP of $50,000. [Appendix A.4]  

Direct comparison of these two strategies by Incremental Cost-Effectiveness Scatterplots 

showed that the VIV→PRO1 strategy was either inferior, less effective, or had an ICER more than 

$50,000, 63.6% and 57.8% of the time in the 1-year and 18-month time-horizons respectively, but 

was either superior, or had both a higher cost and effectiveness, with an ICER less than $50,000, 

53.3% of the time in the 2-year time-horizon.  One-way sensitivity analysis used for Tornado 

Diagrams showed that results of the model in all tested time-horizons longer than 6-months were 

most sensitive to the same top 3 variables, starting with Vivitrol discontinuation rates, Probuphine 
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induction success rates, and Vivitrol relapse rates, followed by, in different orders, the induction 

success rates of Vivitrol and generic Sublingual-Buprenorphine/Naloxone. [Appendix A.5] 

Table 1.7 One-Way Sensitivity Analysis Tornado Diagram Variable Comparison 

 



 18 

1.4 Discussion 

Understanding of opioid use disorders and the opioid epidemic continues to develop, as do 

approaches to treatment and new pharmaceutical formulations.  Evidence of greater treatment 

success with longer MOUD retention lengthen the expected treatment timeline as perceptions of 

OUD changes to a chronic medical condition.  In this view, it is inevitable that patients will be 

treated with multiple MOUD regimens, or receive the same ones multiple times.  Thus, it is 

important to expand the research and cost-effectiveness analyses to include these treatment 

strategies, in order to further inform clinical guidance. 

Including these new treatment strategies, with different combinations in sequence of 

available ERMOUDs and daily administered buprenorphine, we found that two multi-drug-in-

sequence treatment strategies performed better than all others, including the single-drug 

ERMOUD treatment strategies.  These were the PRO1→VIV strategy in the 6-month time-horizon, 

and the PRO1→ gSL strategy in longer time-horizons.   

In short term treatment, there is a 3.3-times higher probability of relapse (leaving treatment 

with IUO), and a 2.8-times higher probability of death, after 6-months with daily buprenorphine 

treatment compared to the PRO1→VIV strategy.  In longer term treatment, there is a 5-times(1-year) 

- 13-times(2-years) higher probability of treatment retention without IUO with the PRO1→ gSL 

strategy compared to daily buprenorphine alone (the gSL-only strategy).  Conversely, there is a 3-

times(1-year) – 5-times(2-years) higher probability of IUO in treatment, a higher probability of relapse, 

and over 2-times(1-year) higher probability of death with daily buprenorphine compared to the 

PRO1→ gSL treatment strategy.  Although there is almost a 1.5-times higher chance of 

discontinuing daily buprenorphine treatment without IUO after 1 year of treatment, this evens out 

to nearly even odds after 2-years compared to the PRO1→ gSL strategy.  In general, daily 
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buprenorphine treatment, in comparison, was associated with lower retention, higher relapse in 

and out of treatment, higher mortality, and only slightly higher in remission. 

All 14 strategies when compared individually and only to the gSL-only strategy as a 

common baseline were considered cost-effective with ICERs well below a WTP of $50,000, and 

became increasingly more cost-effective the longer the time-horizon.  The SUB →VIV  (Sublocade 

switching to Vivitrol upon discontinuation due to illicit opioid use in the induction phase or first 

weeks of treatment) treatment strategy, our least cost-effective and dominated strategy, had an 

ICER of $34,651.16 compared to the gSL-only strategy with a time-horizon of 6-months, to the 

PRO1→ gSL strategy, our most cost-effective and undominated strategy, which had an ICER of 

$3,883.63 in the 2-year time-horizon.   

Our model only considered direct drug administration costs, and WAC drug prices, as they 

are a widely-used publicly available benchmark, and represent the drug price ceiling, or out-of-

pocket cost expected.  Actual drug costs are a variable and opaque, determined by a complex drug 

supply and payment chain, which is moving payments and price benchmarks closer to actual 

pharmacy acquisition costs,12 inclusive of rebates, discounts and lowered negotiated prices.  

Therefore, we expect that the accurate drug prices paid either by private-insurance, or for CMS 

beneficiaries are lower than modeled here, resulting in an even greater cost-effectiveness of 

ERMOUDs, and in particular the undominated multi-drug-in-sequence treatment strategies 

identified herein. 

Aside from the cost-effectiveness measures, there are other significant benefits not 

accounted for in our model.  ERMOUDs lessen the burden and constraints of daily adherence to 

other MOUD formulations, improving treatment retention, and thus potentially improving long 

term remission.  They also reduce visits to providers, decreasing time spent away from work, 
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home, and school, transportation time and costs.  This is an especially critical feature during the 

COVID-19 pandemic, where access to healthcare is limited by shutdowns, quarantines, and social 

distancing, leading to a dramatic increase in opioid-related overdoses and an exacerbated opioid 

epidemic.13  Consequently it lessens the burden on an already stressed healthcare system and 

providers.8  These extended-release formulations have no risk for diversion, unintended use for 

those they were not prescribed, or potential for accidental and fatal poisoning in children which 

currently occurs with daily MOUD formulations,14 especially now with household members 

spending more time at home. 

There were some important limitations in both our model inputs and design.  Since there 

is no single source of clinical evidence for drug efficacy, model inputs for efficacy and attrition 

were cited from the latest research or most well-known studies, and gathered from the same sources 

as were used in the ICER_Report on ERMOUDs.7  Nevertheless, the individual research study 

sources were limited by variations in study design, populations, measures of success, duration, and 

study induction.  One important drawback and difference between the drugs in our model is that 

Vivitrol initiation requires an induction period of complete abstinence.  Our model accommodated 

for this by incorporating a separate induction phase health state, as both of the other drugs also had 

some form of initiation criteria prior to treatment entry.  We also chose weekly cycles for our 

model, as the induction period was shorter than the other health states’ periods, and consequently 

adjusted our model inputs to weekly figures, except for Probuphine attrition, which remained at 6-

month intervals, as it is an implant, and there are no reports in the literature of premature 

explantation.  The health utility estimates used were not specific to each treatment or strategy, and 

as already mentioned, we acknowledge that the costs used in the model do not necessarily reflect 

the actual cost of drugs, nor did we include other important indirect medical costs, as we chose to 
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include the most stable and standard figures available.  We further realize that there are significant 

issues with generalizability, which not only carry through from the sources used, but also by not 

accounting for individualization in the model construction, including demographic differences, 

opioid use patterns and preferences, and patient use and prior treatment history.  
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1.5 Conclusion 

Extended-release formulations of MOUD drugs, when used in a multi-drug-in-sequence 

combination treatment strategy, prove more cost-effective than single-drug ERMOUD treatment 

strategies, and are a cost-effective alternative to daily administration MOUD regimens, with 

significant additional benefits, especially during the COVID-19 pandemic.  Further research 

should include readmissions and switching MOUD treatments matching more real-world clinical 

experiences, using newer efficacy measures as the research develops, and more accurate pricing 

data as it becomes available. 
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2.0 Comparing Different Drug Pricing Schedules in Cost-Effectiveness Analyses of 

Extended-Release Medications for Opioid Use Disorder: Including Single-Drug and 

Multi-Drug-in-Sequence Treatment Strategies 

2.1 Introduction 

Extended-Release Medications for Opioid Use Disorder (ERMOUDs) are used to combat 

the ongoing US opioid epidemic, lending unique benefits over existing Medications for Opioid 

Use Disorders (MOUD) options, especially during the COVID pandemic.  Despite reducing the 

burden and constraints of daily MOUD formulations, increasing treatment adherence and 

retention, and improving long term remission, the use and dissemination of extended-release 

buprenorphine formulations, in particular, have been comparatively scant. 

There are three FDA approved ERMOUDs currently available in the US.  Probuphine, a 

six-month subdermal implant, and Sublocade, a once-monthly subcutaneous depot injection, are 

both formulations of buprenorphine, an opioid agonist/antagonist.  Vivitrol, a once-monthly 

subcutaneous depot injection, is a formulation of naltrexone, a full opioid antagonist.  Medicaid 

paid for nearly 30-times more prescriptions for buprenorphine than naltrexone, of which only 

0.06% were extended-release formulations; 93.7% of naltrexone prescriptions were extended-

release in 2018.15  Extended-release buprenorphine use was similarly scant for those covered by 

commercial health insurance, with only 0.2% and 0.01% of all buprenorphine prescriptions being 

for Sublocade and Probuphine, respectively.16  Vivitrol’s market penetration may be partially due 

to earlier availability, or because of its lower cost and higher rebates and discounts. 
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Drug pricing is a complex process involving multiple stakeholders, distribution systems, 

governmental regulations, and confidential negotiations.  Generally, drug manufacturers sell to 

drug wholesalers who then sell to pharmacies that dispense the drugs.  Payments are negotiated 

back up the chain based on the Wholesale Acquisition Cost (WAC), which is publicly available, 

whereas the negotiated prices are not.  Medicaid programs, which finance most MOUD 

(approximately 55%17), reimburses pharmacies for drugs based on the lowest of either the Actual 

Acquisition Cost (AAC; Medicaid’s determination of pharmacies’ actual price paid for the drug), 

the Federal Upper Limit (FUL; the federal reimbursement limit for some generic drugs), or the 

Maximum Allowable Cost (MAC; a state’s reimbursement limit in addition to FUL).   

In exchange for Medicaid drug coverage, a manufacturer agrees to pay a rebate to the state 

Medicaid agency, which in turn shares a portion with the Centers for Medicare & Medicaid 

Services (CMS).  This arrangement, the Medicaid Drug Rebate Program (MDRP), established by 

the Omnibus Reconciliation Act of 1990, has greatly reduced drug prices for Medicaid.  In 2018, 

Medicaid spent $60 billion on drugs, and received $36 billion in drug manufacturer’s rebates, 

resulting in 60% savings.18 

This significant savings to Medicaid was not accounted for by previous economic models 

used to evaluate ERMOUDs.  In particular, the cost-effectiveness analysis of ERMOUDs 

conducted by the Institute for Clinical and Economic Review,7 which included net drug prices as 

reported by the drug manufacturers, concluded that ERMOUDs provide “low value for the 

money.”8  After finding that the Medicaid rebate-adjusted prices for these drugs studied were 

significantly lower than accounted for in the models, the Urban Institute asserted that the cost-

effectiveness of ERMOUDs could potentially be better than previously determined.15 
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Our study builds upon our previous research of different ERMOUD treatment strategies, 

to test this assertion and reevaluate the cost-effectiveness of ERMOUDs, utilizing the Medicaid 

rebate-adjusted prices, and compare them to both the drug manufacturer’s net price as used in the 

ICER Study, and to the WAC benchmark price.  Clinically this roughly translates to reassessing 

the value of ERMOUDs for Medicaid beneficiaries, who are the majority of those treated for 

opioid-related abuse and misuse, compared to those in treatment with private insurance, 

represented by the drug manufacturer’s net price, and those out-of-pocket paying patients, 

characterized by WAC prices. 
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2.2 Methods 

We expanded our model from our previous study, “Cost-Effectiveness of Extended-Release 

Medications for Opioid Use Disorder Treatment Strategies: Single-Drug and Multi-Drug-in-

Sequence Regimens,” by triplicating it with 2 additional arms, each using a separate drug pricing 

schedule.  One arm of the model applied DMN prices, another MRA prices, and the third, our prior 

research model, with WAC prices.  Each arm comprised 15 individual Markov models of different 

drug treatment regimen strategies containing extended-release medications for opioid use disorder 

(ERMOUD).  These included 3 single-drug strategies and 12 multi-drug-in-sequence strategies 

that allowed switching to another drug and readmission upon discontinuation or attrition due to 

illicit opioid use. [Figure 2.1]  
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Figure 2.1 Tested Treatment Strategies for Each Pricing Schedule 

Model cycle length was one week, and the model was run for 4 separate time-horizons: 6-

months, 1-year, 18-months, and 2-years.  Our model took a health care perspective, and was 

informed by, and populated with measures of drug efficacy and treatment attrition [Table 2.2] 

gathered from key clinical trials and relevant past economic models. [Table 2.1]  Health utilities 

were sourced from the published literature, including a study that employed a cross-sectional 

online US survey. [Table 2.3] 
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Table 2.1 Key Clinical Trials 

 

Table 2.2 Measurements of Efficacy 

 

Table 2.3 Health Utilities 

Health Utilities Vivitrol Sublocade Probuphine 

Induction 0.660 0.660 0.766✢ 

MAT w/o IUO 0.766 0.766 0.766 

MAT w/ IUO* 0.660 0.660 0.660 

OFF MAT w/o IUO 0.852 0.852 0.852 

OFF MAT w/ 

IUO** 
0.635 0.635 0.635 

Death 0.000 0.000 0.000 

*Combination of Prescription Opioid User & Intravenous Drug User Health Utilities: 0.700 & 0.618 at 

50.7%/49.3% (Prescription/IVDU) 

 

**Combination of Prescription Opioid User and Intravenous Drug User Health Utilities: 0.694 & 0.574 at 

50.7%/49.3% (Prescription/IVDU) 

 

 

✢Higher than other 2 Induction Utilities due to all cohort assumed to enter already on MAT (SL 

Buprenorphine) and clinically stable/abstinent 

 

 

 

Each Markov Model has 6 health states, with the cohort entering the model in the Induction 

Health State. [Figure 2.2]  There are 4 health states denoting illicit opioid use or abstinence both 

• Abstinence not reported

• Outcome assessed over 24 weeks 

Vivitrol 

X-BOT Phase IV 
Detoxification: yes, protocols and length of time 

varied by site 
Before induction 

• Time to relapse event reported 

Tanum 2017 
Phase III RCT Non- 

inferiority 
12 Detoxification: yes After detoxification 

• Urine samples used to assess abstinence 

• Outcome measured over 12 weeks 

Induction: run-in induction phase with SL bup/nal 

film followed by open-label phase with 8 to 24 mg 

doses of bup/nal for four to 11 days 

• Outcome measured over 24 weeks 

Probuphine Rosenthal 2016 
Phase III Non- 

inferiority 
24

Detoxification: none 

After induction 

• Urine samples and self-report used to assess 

abstinence 

Induction: stable dose of 8 mg/day or less of 

sublingual buprenorphine received for at least 24 

weeks 

Sublocade Trial 13- 0001 Phase III RCT 24

Detoxification: none 

After induction 

• Combination of urine samples and self-report 

used to assess abstinence 

Drug Trial Study Design Weeks Detoxification/ Induction Period 
Time of 

Randomization 
Outcomes 

Drug Name Trial Induced Abstinence Attrition

Vivitrol Lee (X:BOT) 72.08% 51.96% 52.94%

Sublocade* Haight (Trial 13-0001) 60.84% 12.31% 37.13%

Probuphine Rosenthal (PRO-814) 89.10% 80.46% 6.90%

gSL-Bup/Nal Fudala (2003) 71.62% 53.00% 44.70%

*Statistics used from this study reflect individual’s 100% abstinence, instead of participant’s mean percentage abstinence, to match outcomes of the other two studies
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in and out of treatment, and an absorbing death health state.  Readmission or Switching to another 

drug treatment is allowed from the “Retained-Reused” (in treatment with illicit use of opioids) 

Health State in some tested strategies and returns to the Induction Health State.  Readmission and 

switching drug treatments was permitted in the initiation (induction period and first weeks of 

treatment).  Specifically, the single-drug treatment strategies did not allow for any readmission, 

whereas the multi-drug-in-sequence treatment strategies allowed for the minimum readmission 

windows for both the induction and treatment phases to permit transfer to another drug regimen 

upon discontinuation secondary to Illicit Use of Opioids. 

 

Figure 2.2 Markov Model Map 

For this study, this model was triplicated to compare three different pricing schedules of 

the ERMOUDs tested, keeping drug administration costs and all other inputs unchanged.  The 

model arm containing WAC prices, the highest drug costs of the three models, represented out-of-

pocket payers.  The WAC pricing schedule is an important publicly-available benchmark price 
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from which other lower prices are negotiated.  The other model arm containing DMN prices, as 

reported in the Institute for Clinical and Economic Review’s Report on ERMOUDs,7 were sourced 

from the 2018 Federal Supply Schedule (FSS), or from the drug company (Alkermes) directly for 

Vivitrol.  These prices represent those commercially insured.  The third model was populated with 

Medicaid Rebate-Adjusted (MRA) prices, as reported in the Urban Institute’s Study on Medicaid 

and ERMOUDs.   

The Urban Institute determined MRA prices by analyzing Medicaid State Drug Utilization 

Data from 2011 to 2018 to track prescriptions of ERMOUDs, their unit price, and the Medicaid 

spending after accounting for federally mandated drug manufacturer’s rebates.19  They found that 

Vivitrol provided the greatest rebate and price reduction by more than 51%, from $1,206 to $589.  

This was followed by Sublocade with a 25% price reduction ($1,522 to $1,147), and Probuphine 

with a 23% price reduction ($2,650 to $2,038).15  MRA prices were the lowest of the three in our 

study, and importantly relevant as they closest approximate real-world drug expenditures for the 

majority of those receiving MOUD.15 [Figure 2.3] 

 

Figure 2.3 Drug Price Comparison 
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A cost-effectiveness analysis was run to determine the undominated strategies for all three 

pricing schedules, in each chosen time-horizon, producing cost-effectiveness frontier graphs with 

corresponding incremental cost-effectiveness ratios, at a Willingness-to-Pay (WTP) of $50,000. 

[Appendix B.2]  All 15 drug treatment regimen strategies were included in the 1-year and longer 

time-horizons, and 10 strategies (excluding the strategies that included a second Probuphine 

implant) were included in the 6-month time-horizon.  The undominated strategies’ Markov Models 

were individually run to evaluate the cohort’s movement through the health states in all time-

horizons.  The proportion of the cohort in each health state both at the end of the time-horizon, as 

well as cumulative time spent during the time-horizon (AUC) was then compared amongst the 

other undominated strategies.  

Parameter uncertainty was evaluated by both one-way and probabilistic sensitivity 

analysis.  Model probability and health utilities were varied ±10%, with drug costs varying ±25%, 

and direct drug administration costs varying ±20%.  Probabilistic sensitivity analysis was 

performed using Monte Carlo simulations over 1,000 trials, with parameters assuming triangular 

distributions, producing cost-effectiveness scatterplots and acceptability curves. [Appendix B.3] 

Strategy selection charts at a WTP of $50,000 were constructed and included to compare the 

optimal treatment strategy for all time-horizons, depending on the pricing schedule. [Appendix 

B.4]  Further investigation of parameter uncertainty and key model economic drivers in the 

resulting predominant strategies was performed with one-way sensitivity analysis, by way of 

incremental cost-effectiveness scatterplots and tornado diagrams. [Appendix B.5]  

We performed a scenario analysis where all ERMOUDs in the model were afforded the 

same discount for Vivitrol as estimated in the Urban Institute report, or 48.8% of their pre-rebate 

price.  The FSS price, as of September 2020, was used as the pre-rebate price, which was adjusted 
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to weekly costs, then discounted.  This resulted in model price inputs of: $69.07Probuphine, 

$109.40Vivitrol, and $147.06Sublocade. 
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2.3 Results 

More treatment strategies were found to be cost-effective at a WTP of $50,000 as the price 

of drugs decreased.  There was only 1 cost-effective treatment strategy per time-horizon with WAC 

prices, 2 cost-effective treatment strategies in the 2-year time-horizon with DMN prices, and 2 

treatment strategies in all time-horizons, except for in the 2-year time-horizon, with MRA prices. 

[Figure 2.4]   

 

Figure 2.4 Incremental Cost-Effectiveness Ratios 

While ICERs differed, the WAC pricing model shared the same dominant treatment 

strategies as the MRA pricing model, with the “Probuphine (1-cycle) → Vivitrol” (PRO1→VIV) 

treatment strategy dominating in the 6-month time-horizon, followed by the "Probuphine → 

generic SL-Buprenorphine/Naloxone" (PRO1→ gSL) strategy dominating in subsequent time-

horizons.  The DMN price schedule model resulted in the “Vivitrol-Only” (VIV-only) treatment 

strategy dominating in the 6-month and 1-year time-horizon, similarly followed by the 
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"Probuphine → generic SL-Buprenorphine/Naloxone" (PRO1→ gSL) strategy dominating in the 

later time-horizons. [Table 2.4]  

Table 2.4 Prevailing Treatment Strategies by Drug Pricing Schedule 

 

by ICER 6-months 1-year 18-months 2-years

Wholesale 

Acquisition Cost 

(WAC)

Probuphine (1-cycle) → 

Vivitrol
Probuphine (1-cycle) → generic Sublingual Buprenorphine/Naloxone

Drug 

Manufacturer’s Net 

(DMN)

Vivitrol-Only
Probuphine (1-cycle) → generic Sublingual 

Buprenorphine/Naloxone

Medicaid Rebate-

Adjusted 

(MRA)

Probuphine (1-cycle) → 

Vivitrol
Probuphine (1-cycle) → generic Sublingual Buprenorphine/Naloxone
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2.3.1 6-Month Time-Horizon Results 

2.3.1.1 Undominated Strategies & ICERs 

There were 2 undominated treatment strategies per pricing schedule (not including the 

comparator “generic Sublingual-Buprenorphine/Naloxone” treatment strategy (gSL-only), and 

only 1 strategy per pricing schedule under a WTP of $50,000 in the 6-month time-horizon.  The 

MRA and WAC pricing schedule models were in concordance, finding the PRO1→VIV strategy 

cost-effective with ICERs of $6,999 and $21,595 respectively, followed by the reverse, “Vivitrol 

→ Probuphine (1-cycle)” (VIV→PRO1) strategy.  The DMN pricing schedule model found the 

VIV-only strategy cost-effective with an ICER of $12,129, also followed by the VIV→PRO1 

strategy. [Table 2.4] 

Table 2.5 Incremental Cost-Effectiveness Ratios (6-month time-horizon) 
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Figure 2.5 Cost-Effectiveness Frontiers (6-month time-horizon) 

2.3.1.2 Sensitivity Analysis 

Monte Carlo probabilistic sensitivity analysis found that two strategies were most cost-

effective: the PRO1→VIV strategy, and the VIV-Only strategy.  The Cost-Effectiveness 

Acceptability Curve of all three pricing schedules shows no overwhelmingly dominant strategy in 

the 6-month time-horizon. [Appendix B.3]  In both the MRA and WAC pricing schedule models, 

the PRO1→VIV strategy was found most cost-effective 50% and 41% of the time out of 1,000 

testing iterations, respectively, with at WTP of $50,000.  The VIV-Only strategy was found most 

cost-effective in the DMN pricing schedule model 50% of the time. [Appendix B.4]  When the 

Monte Carlo analysis was run including only undominated treatment strategies the selection was 

clearer, with the PRO1→VIV strategy selected 91% and 93% of the time in the WAC and MRA 

models, and the VIV-Only strategy selected 85% of the time. 
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Figure 2.6 Probabilistic Analysis Strategy Selection (6-month time-horizon) 

One-way sensitivity analysis comparing the gSL-Only strategy to the most cost-effective 

ERMOUD strategy in each pricing schedule is displayed in Tornado Diagrams showing that all 

models were most sensitive to the probability of passing the Induction phase of either regimen 

compared, followed by attrition in the treatment phase. [Appendix B.5]  

2.3.1.3 Pricing Schedules Comparison 

Comparing the two discounted pricing schedules to the WAC model significantly lowered 

the ICER cost, as well as changed the optimal treatment strategy selection in the DMN model.  

Both the MRA and WAC models resulted in the PRO1→VIV strategy being the most cost-effective 

with very different ICERs.  While the average drug price difference between the MRA and WAC 

model being 45% lower, there is a 68% decrease in the ICER of the most optimal treatment strategy 

between these two pricing schedules.  Even though the optimal treatment strategy selection is 

different between the DMN and MRA models, there is a significant difference between the two 

most optimal treatment strategies (42% decrease in ICERs).  The PRO1→VIV treatment strategy 
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in the MRA pricing schedule was the most cost-effective regimen over all strategies and pricing 

schedules in the 6-month time-horizon, with an ICER of $6,999 compared to the gSL-only strategy. 
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2.3.2 Longer Than 6-Months’ Time-Horizon 

2.3.2.1 Undominated Strategies & ICERs 

The 1-year and longer (1-year, 18-months, and 2-years) time-horizons, in all pricing 

schedules, resulted in similar undominated treatment strategies.  There were three undominated 

treatment strategies, not including the comparator.  These were the same for all pricing schedules 

in all time-horizons, with the exception of the DMN model in the 1-year time-horizon.  The 

PRO1→ gSL treatment strategy was the most cost-effective overall, except for in the DMN pricing 

schedule model with a 1-year time-horizon, where the VIV-only strategy was found most optimal 

again, like in the 6-month time-horizon.   This was followed by the VIV→PRO1 and the “Vivitrol 

→ Probuphine (2-cycle)” (VIV→PRO2) strategy. [Figure 2.7]  

     

Figure 2.7 Cost-Effectiveness Frontiers (1-year and 2-year time-horizons) 

 

At a WTP of $50,000, there were 2 cost-effective treatment strategies in the MRA model, 

and only 1 cost-effective treatment strategy in the DMN and WAC models, except for 2 in the 

DMN model with a 2-year time-horizon. ICERs decreased over time, with the most cost-effective 

strategy decreasing from $3,420 to $1,399 in the MRA model, $6,532 to $2,766 in the DMN 
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model, and $9,688 to $3,884 in the WAC model.  Overall, the PRO1→ gSL treatment strategy in 

the MRA model was found to be the most cost-effective when compared to the gSL-only treatment 

option, with ICERs of $3,884 (1-year), $2,766 (18-months), and $1,399 (2-year time-horizon). 

[Tables 2.6 – 2.8] 

Table 2.6 Incremental Cost-Effectiveness Ratios (1-year time-horizon) 

 

Table 2.7 Incremental Cost-Effectiveness Ratios (18-month time-horizon) 

 

Table 2.8 Incremental Cost-Effectiveness Ratio (2-year time-horizon) 
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2.3.2.2 Sensitivity Analysis 

Monte Carlo probabilistic sensitivity analysis showed that the PRO1→ gSL treatment 

strategy was the most cost-effective over all pricing schedules and in all time-horizons, except for 

in the MRA model with a 2-year time-horizon, where the VIV→PRO1 treatment strategy was most 

cost-effective. [Appendix B.1]  The WAC model, which only had one treatment strategy under the 

WTP in all three longer time-horizons, selected the PRO1→ gSL treatment strategy the vast 

majority of the time, ranging from 92%1-year to 98%2-years of the time over 1,000 iterations.  When 

only undominated strategies were analyzed, the results were similar, around 98%.  The DMN 

model selected the PRO1→ gSL treatment strategy the majority of the time, ranging from 57%-

71% of the time, and 56%-67% when undominated strategies only were analyzed.  The MRA 

model, however, had two strategies that switched preference, where the PRO1→ gSL treatment 

strategy declined in preference from 52%1-year to 41%2-years, and the VIV→PRO1 treatment strategy 

increased in preference from 32%1-year to 57%2-years of the time when tested over 1,000 iterations. 

[Appendix B.3]  Similar results were found when undominated strategies only were analyzed. 

One-way sensitivity analysis revealed that in all 3 pricing schedules, and over 3 time-

horizons (1-year, 18-months, and 2-years), the models were most sensitive to the probability of 

passing the Probuphine Induction phase.  This variable was the top result in 7 of the 9 Tornado 

Diagrams (3 pricing models × 3 time-horizons), occupying 78% of the number 1 spots, or 26% of 

the top 3 most sensitive variables.  This combined with additional variables responsible for other 

drug’s Induction Phase Passing Probability made up 78% of the top three, followed by Attrition 

from drug treatment (19%).  Therefore, all models in all time-horizons were most sensitive to the 

probability of passing the Induction Phase, followed by the probability of discontinuing treatment. 

[Table 2.9] 
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Table 2.9 One-Way Sensitivity Analysis Tornado Diagram Variable Comparison 

 

2.3.2.3 Pricing Schedules Comparison 

Similar to the 6-month time-horizon results, the MRA model was consistently and greatly 

more cost-effective than the other two models, with ICERs of the most cost-effective treatment 

strategies in all three time-horizons being approximately half of those in the DMN model, and only 

about a third of those in the WAC model.  Out of all three pricing schedule models and all three 

time-horizons, the PRO1→ gSL treatment strategy in the MRA model over a 2-year time-horizon 

was found to be the most cost-effective, with an ICER of $1,399, and a Net Monetary Benefit of 

$67,926. [Table 2.8] 

2.3.3 Scenario Analysis 

Our scenario analysis, where all ERMOUDs prices in the model were subjected to the same 

discount as Vivitrol, or 48.8% of their pre-rebate price, resulted in the PRO1→ gSL treatment 

strategy being the most cost-effective in all time-horizons.  The PRO1→ gSL strategy had lower 

ICERs than in any other model ($3,2696-months-$7642-years), compared to the gSL-only treatment 

option.  At a WTP of $50,000, two additional treatment strategies were found cost-effective: 
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PRO1→VIV strategy in the 6-month time-horizon (ICER: $14,755) and the PRO2→VIV strategy 

in the 1-year time-horizon (ICER: $41,494). [Table 2.10]    

Table 2.10 Scenario Analysis: All ERMOUDs at Vivitrol Discount Rate (48.8%) 

 

Time-Horizon Undom. Strategy Cost Incr Cost Eff Incr Eff Incr C/E

gSL-only $788 0.19278

PRO1→gSL $1,328 $540 0.35803 0.16524 $3,269

PRO1→VIV $1,329 $1 0.35808 0.00006 $14,755

VIV→PRO1 $2,224 $895 0.35974 0.00166 $539,990

gSL-only $1,225 0.29400

PRO1→gSL $1,979 $754 0.70891 0.41491 $1,817

PRO2→VIV $2,632 $653 0.72464 0.01573 $41,494

VIV→PRO2 $3,410 $779 0.72871 0.00407 $191,233

gSL-only $1,455 0.34570

PRO1→gSL $2,258 $802 1.06511 0.71941 $1,115

VIV->PRO2 $4,106 $1,849 1.09448 0.02937 $62,948

gSL-Only $1,576 0.37249

PRO1->gSL $2,376 $800 1.41935 1.04687 $764

VIV->PRO1 $4,273 $1,896 1.45594 0.03658 $51,835

VIV->PRO2 $4,442 $169 1.45832 0.00238 $71,113

6-months

1-year

2-years

18-months
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2.4 Discussion 

Including the estimated drug price discounts and rebates increased the cost-effectiveness 

and comparable viability of ERMOUD treatment strategies, as expected with lower prices.  

However, this was not due to a mere cost shift, where we would expect to see similar prevailing 

cost-effective treatment strategies in all three pricing schedules.  Instead, the most cost-effective 

strategies were different with DMN pricing in the first year, and the same with the WAC and MRA 

pricing (our most and least expensive pricing schedules), warranting further investigation. [Table 

2.4]  Additionally, more ERMOUD strategies were found to be cost-effective at a WTP of $50,000, 

thus increasing the economically practical MOUD clinical options, while better approximating 

real-world drug costs for the majority of those in treatment. 

Drug costs are a complex and contentious issue, made even more confusing by the different 

pricing schedules used for the same drug by different classes of payers.  Different pricing schedules 

may have their own proprietary formulas and methodologies.  While recent legislation has 

attempted to make costs more transparent,20 the increasing use of Pharmacy Benefit Managers 

(PBMs) to administer state’s Medicaid contracts through Managed Care Organizations (MCOs) 

hinders these efforts.  Approximately two-thirds of Medicaid beneficiaries receive their care 

through MCOs, and 40 state Medicaid agencies use MCOs, which are not subject to the same 

federal pricing rules and regulations.  MCOs and PBMs are allowed to independently and 

confidentially negotiate prices directly with pharmacies, and keep some pricing information, 

including rebates and discounts, proprietary; thus, many drug prices are not known to state 

Medicaid agencies.12  

The greater price rebate and savings of Vivitrol probably contributed to its overwhelming 

market share of ERMOUD prescriptions, although not solely.  Vivitrol’s drug manufacturer 
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Alkermes launched an aggressive marketing strategy that skirted conventional channels, bypassing 

skeptical healthcare providers and addiction specialists, and targeting public institutions, in 

particular drug courts, directly.21  Leveraging political favor on the criminal justice population, 

Alkermes total revenues grew 656% since Vivitrol’s approval in 2010, from $178.3 million in 

201022 to $1.17 billion in 2019.23  Vivitrol sales have increased 11% in 2019 from 2018, totaling 

$335.4 million.   

Prescriptions of Vivitrol to Medicaid beneficiaries have likewise risen precipitously, nearly 

30-fold from 7,474 prescriptions in 2011, to 216,561 prescriptions in 2018.  That is 52-times higher 

the number of prescriptions for Sublocade in 2018 (4,134 prescriptions), and a staggering 14,437-

times higher number than Probuphine in the same year.  Since its FDA approval in 2016, 

Probuphine prescriptions have been covered by Medicaid twice in 2016, 34 times in 2017, and 

only 15 times in 2018.  This discrepancy in prescription volume can be explained somewhat by 

the difference in Medicaid coverage of ERMOUDs by different state agencies.  While Vivitrol is 

covered by Medicaid in all 50 states and DC, Sublocade and Probuphine were covered in 44 and 

39 states including DC, respectively, in 2019.  Vivitrol also was on 33 states’ Preferred Drug List 

(PDL), and did not require prior authorization in 38 states, whereas Sublocade was on 17 states’ 

PDL with no prior authorization in 13 states, and Probuphine was on 6 states’ PDL with no prior 

authorization in 10 states.  [Figure 2.8] 
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Figure 2.8 Medicaid ERMOUD Coverage 

In addition to Medicaid coverage issues, there are other drug access concerns.  In 

accordance with the Drug Addiction Treatment Act of 2000 (DATA 2000), a qualified healthcare 

provider must be specially trained, and FDA approved to prescribe buprenorphine.  Additionally, 

a healthcare provider must be specially certified to prescribe, insert and remove Probuphine.  These 

stipulations do not apply when prescribing Vivitrol.  Probuphine has a unique reimbursement 

process called the “Buy & Bill” program, whereby  the prescribing physician purchases 

Probuphine, takes ownership (it is shipped to the physician office directly and must be signed for) 

and then collects reimbursement through insurance companies or the patient in a self-pay scenario.  

It can be returned within 30 days if the patient changes their mind.  

In light of the COVID-19 pandemic, it is important to consider the additional benefits that 

ERMOUDs provide that are not captured by this cost-effectiveness analysis, including easing the 

burden and constraints attached to daily formulation of medications for opioid-use disorder 

(MOUD).  This improves treatment retention, thus potentially improving long term remission.  

They can reduce visits to providers, especially in the case of Probuphine.  Recently there have 

been some concessions made in the regulations governing buprenorphine prescribing during 
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COVID-19 which theoretically could extend the period between patient-physician appointments 

longer than 1 month (the duration between Vivitrol and Sublocade injections), depending on the 

technological capabilities of the telemedicine at specific clinics and patients, reimbursement and 

administrative procedures, and state and local policies.  ERMOUDs also have no risk of 

diversion,24 possibility of unintended use or accidental exposure and poisoning.14 

Our model had some important limitations involving the model inputs.  As previously 

mentioned, drug prices, except for the publicly available WAC price, are difficult to confirm.  The 

prices for the DMN model were reported by the drug manufacturer’s themselves, and the MRA 

prices do not specify state discrepancies in prices, fees, or MCO association.  The health utility 

model inputs were not specific to each ERMOUD or treatment strategy.  Measurements of efficacy 

and attrition were not from a single source, and subject to individual study design, measurement, 

administration, and reporting differences.  Measures were taken in our model to mitigate any 

publication bias by using similar statistics from the cited studies’ data, instead of their respective 

outcome results.  For example, our model used complete individual abstinence during the 

therapeutic intervention as the measurement of efficacy, as opposed to average days abstinent 

reported in some studies.  However, some potential selection bias due to trial participant selection 

in some studies could artificially increase their reported efficacy, as in the Probuphine study, where 

enrolled participants were more clinically stable than the other RCTs. 

The research studies cited all shared the same 24-week study duration.  It is therefore 

recognized that extrapolating those data over a 2-year time-horizon may not produce  reliable 

results, but exploring longer model duration is important, as OUD is considered a chronic medical 

condition, requiring long-term, if not life-long, medical care.  Furthermore, our longer time-
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horizon results were consistently stable, oftentimes resulting in the same treatment strategies 

carrying over several time-horizons. 

We understand that there is a difference between the theoretical cost-effectiveness of our 

treatment strategies and individual ERMOUD selections, and the practical real-world clinical 

concerns with implementing favored model strategies through use of some of these medications.  

Although Sublocade-containing treatment strategies were consistently dominated in all pricing 

schedules and time-horizons, it may be the most advantageous clinical treatment option for some 

patients.  Conversely, despite Probuphine-containing treatment strategies performing better than 

other treatment options, due to Probuphine’s extra training, added regulations, and unique 

reimbursement “Buy & Bill” program, it may not be a clinically feasible option for some 

physicians.  Therefore, this cost-effectiveness analysis cannot be used as a sole criterion for clinical 

guidance, however it can provide evidence necessary to reexamine ERMOUD use and the steps 

necessary to use them clinically on par with daily formulation MOUD, as they are economically 

favorable, especially when analyzed with Medicaid Rebate-Adjusted Prices, lending additional 

benefits and special advantages while we continue to combat the worsening opioid epidemic 

during the coronavirus pandemic. 
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2.5 Conclusion 

Using Medicaid Rebate-Adjusted Prices when analyzing the cost-effectiveness of 

ERMOUDs not only closer approximates the actual drug costs paid for the majority of those taking 

these uniquely beneficial medicines but increases their viability and cost-effective competitiveness 

when compared to daily formulation MOUDs.  By significantly reducing ICERs, these lower 

prices add more ERMOUD treatment strategy deemed cost-effective at a WTP of $50,000, 

compared to other pricing schedules tested. 
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3.0 Comparing Methadone & Buprenorphine Maintenance Treatments with Extended-

Release Medications for Opioid Use Disorder: Including Single-Drug and Multi-Drug-

in-Sequence Treatment Strategies 

3.1 Introduction 

The United States remains in an opioid epidemic resulting in millions of Americans with 

an Opioid-Use Disorder (OUD).  OUD is considered a chronic disease, which like other chronic 

medical conditions, is characterized by cycles of relapse and remission.  This often requires longer 

episodes of continuous treatment, and multiple trials of the same or different treatment strategies.  

Currently there are 3 drugs approved by the US Food & Drug Administration to treat OUD: 

Methadone, Buprenorphine, and Naltrexone.  Each drug is available in different formulations and 

is subject to different regulations. 

From 1974, with Methadone, until the approval of Vivitrol in 2010, these medications were 

only available in daily-administered formulations, or daily medications for opioid-use disorder 

(DMOUD).  Since the introduction of Vivitrol, a monthly injection of extended-release naltrexone, 

two other extended-release medications for opioid-use disorder (ERMOUD) have been approved, 

both being forms of buprenorphine.  Probuphine is a sub-dermal buprenorphine implant lasting 6 

months, and Sublocade is a monthly depot injection of buprenorphine. 

Prior economic models have analyzed some of these drugs for comparative cost-

effectiveness, including Buprenorphine/Naloxone vs. no treatment,25 Methadone vs. 

Buprenorphine,26 Vivitrol vs. Methadone and Buprenorphine,6 Probuphine vs. sublingual-

Buprenorphine/Naloxone,5 and several ERMOUDs vs. sublingual-Buprenorphine/Naloxone.27  
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However, no cost-effectiveness analysis has compared all these drugs together, nor have any of 

these models allowed for treatment reentry after relapse to illicit opioid use or transitioning to other 

treatment strategies (a multi-drug-in-sequence treatment strategy) following treatment 

discontinuation or attrition. 

Our study builds upon our previous research of different ERMOUD treatment strategies, 

which compared Vivitrol, Buprenorphine, Probuphine, and sublingual-Buprenorphine/Naloxone, 

by adding DMOUD treatment strategies, including Methadone and Buprenorphine Maintenance 

Treatment single-drug strategies and their multi-drug-in sequence transition permutations, 

allowing for treatment reentry and switching to another treatment strategy, as seen in real-world 

conditions.   
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3.2 Methods 

We expanded the decision analytic model of our previous study, “Cost-Effectiveness of 

Extended-Release Medications for Opioid Use Disorder Treatment Strategies: Single-Drug and 

Multi-Drug-in-Sequence Regimens,” from 15 to 34 individual Markov Models. [Appendix C.1]  

These 34 individual Markov Models represent 5 single-drug treatment strategies and 29 multi-

drug-in-sequence treatment strategies that allowed switching to another drug and readmission upon 

discontinuation or attrition due to illicit opioid use.  [Figure 3.1]  Model cycle length was one 

week, and the model was run for 4 separate time-horizons: 6-months, 1-year, 18-months, and 2-

years.  Our model took a health care perspective, and was informed by, and populated with 

measures of drug efficacy and treatment attrition gathered from key clinical trials and relevant past 

economic models. [Tables 3.1 & 3.2]  Health utilities were sourced from the published literature, 

including a study that employed a cross-sectional online US survey. [Table 3.3] 

Table 3.1 Key Clinical Trials 

Drug Name Trial Year 
Study 

Design 

Duration 

(in 

weeks) 

Outcomes 

Vivitrol Lee (X:BOT) 2018 Phase IV 24 

Combination of urine 

toxicology and self-

report used to assess 

Relapse 

Sublocade 
Haight (Trial 

13-0001) 
2019 

Phase III 

RCT 
24 

Combination of urine 

toxicology and self-

report used to assess 

Abstinence 

Probuphine 
Rosenthal 

(PRO-814) 
2016 

Phase III 

Non-

Inferiority 

24 

Combination of urine 

toxicology and self-

report used to assess 

Abstinence 

Methadone 

(MMT) 
Mattick 

(Cochrane DB 

of System. 

Revs.) 

2014 

Meta-

Analysis & 

Systematic 

Review 

- - 
Buprenorphine 

(BMT) 
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Figure 3.1 Tested Treatment Strategies 
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Table 3.2 Measurements of Efficacy 

Drug Name Trial Induced Abstinence Attrition 

Vivitrol Lee (X:BOT) 72.08% 51.96% 52.94% 

Sublocade* Haight (Trial 13-0001) 60.84% 12.31% 37.13% 

Probuphine Rosenthal (PRO-814) 89.10% 80.46% 6.90% 

gSL-Bup/Nal Fudala (2003) 71.62% 53.00% 44.70% 

Methadone Mattick**                                    

(Cochrane Database of Systematic 

Reviews) 

63.19% 51.61% 

Buprenorphine 57.07% 60.29% 

*Statistics used from this study reflect individual’s 100% abstinence, instead of participant’s mean percentage abstinence, to match 

outcomes of the other two studies 
 

**Statistics used from this study are from a meta-analysis, where induction probabilities were not separate  

 

Table 3.3 Health Utilities 

Health Utilities Vivitrol Sublocade Probuphine MMT BMT 

Induction 0.660 0.660 0.766✢ 0.660 0.660 

MAT w/o IUO 0.766 0.766 0.766 0.766 0.766 

MAT w/ IUO* 0.660 0.660 0.660 0.660 0.660 

OFF MAT w/o 

IUO 
0.852 0.852 0.852 0.852 0.852 

OFF MAT w/ 

IUO** 
0.635 0.635 0.635 0.635 0.635 

Death 0.000 0.000 0.000 0.000 0.000 

*Combination of Prescription Opioid User & Intravenous Drug User Health Utilities: 0.700 & 0.618 at 50.7%/49.3% (Prescription/IVDU) 

**Combination of Prescription Opioid User and Intravenous Drug User Health Utilities: 0.694 & 0.574 at 50.7%/49.3% (Prescription/IVDU) 

✢Higher than other 2 Induction Utilities due to all cohort assumed to enter already on MAT (SL Buprenorphine) and clinically stable/abstinent 

 

Each Markov Model has 6 health states, with the cohort entering the model in the Induction 

Health State. [Figure 3.2]  There are 4 health states denoting illicit opioid use or abstinence both 

in and out of treatment, and an absorbing death health state.  Readmission or Switching to another 

drug treatment is allowed from the “Retained-Reused” (in treatment with illicit use of opioids) 

Health State in some tested strategies and returns to the Induction Health State.  Readmission and 

switching drug treatments was permitted in the initiation (induction period and first weeks of 

treatment).   
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Figure 3.2 Markov Model Map 

For this model, measures of drug efficacy and treatment attrition for the added DMOUD 

treatment strategies, Methadone Maintenance Treatment (MMT) and Buprenorphine Maintenance 

Treatment (BMT), came from a Cochrane Database of Systematic Reviews meta-analysis of 31 

trials.  More specifically, measures of drug efficacy came from 4 randomized-controlled trials 

(RCTs) and retention in treatment from 7 RCTs.  These measures for the ERMOUD treatment 

strategies came from single RCTs. [Table 3.2] Health Utilities were kept the same, for simplicity, 

despite acknowledgment of reported differences showing MMT resulting in lower health-related 

quality of life than BMT.10  Drug prices [Table 3.4] for DMOUDs included drug administration 

costs, which were proportionally larger than the ERMOUD model prices, as they include requisite 

Opioid Treatment Program costs for MMT administration and office-visit costs for BMT.  

Whereas ERMOUD drug prices included the Federal Supply Schedule (FSS) drug price as of 
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September 2020, and the direct administration cost (i.e., injection or implant cost) as priced by 

corresponding CPT codes. 

Table 3.4 Drug Costs 

Drug Name 
Treatment 

Costs*/mo. 

Administration 

Costs/mo. 

Vivitrol $897  $20.88** 

Sublocade $1,205  $20.88** 

Probuphine $566  $47.54§ 

gSL-Bup/Nal $250  

included in tx. $ Methadone $504  

Buprenorphine $450  

* Costs based on Federal Supply Schedule (09/2020) 

**SC/IM Injection Administration (CPT Code: 96372) 

§Probuphine Implant Insertion/Removal (CPT Codes: 11981/11982) 

 

A cost-effectiveness analysis determined the undominated strategies for all 34 drug 

treatment strategies, in each chosen time-horizon, producing cost-effectiveness frontier graphs 

with corresponding incremental cost-effectiveness ratios, at a Willingness-to-Pay (WTP) of 

$50,000. [Appendices C.2-3]  All 34 drug treatment regimen strategies were included in the 1-year 

and longer time-horizons, and 25 strategies (excluding the strategies that included a second 

Probuphine implant) were included in the 6-month time-horizon.  This same analysis was repeated 

with only the single-drug treatment strategies for illustrative purposes.  The undominated 

strategies’ Markov Models were individually run to evaluate the cohort’s movement through the 

health states in all time-horizons.  The proportion of the cohort in each health state both at the end 

of the time-horizon, as well as cumulative time spent during the time-horizon (AUC) was then 

compared amongst the other undominated strategies.  
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3.2.1 Sensitivity Analysis 

Uncertainty was evaluated by both one-way and probabilistic sensitivity analysis.  Model 

probability and health utilities were varied ±10%, with drug costs varying ±25%, and direct drug 

administration costs varying ±20%.  Probabilistic sensitivity analysis was done using Monte Carlo 

simulations over 500 trials, with parameters assuming triangular distributions, producing cost-

effectiveness scatterplots and acceptability curves. [Appendices C.4-7] Strategy selection charts at 

a WTP of $50,000 were constructed and included to compare the optimal treatment strategy for all 

time-horizons. [Appendices C.8-9]  Further investigation of parameter uncertainty and key model 

economic drivers in the resulting predominant strategies was performed with one-way sensitivity 

analysis, by way of incremental cost-effectiveness scatterplots and tornado diagrams. [Appendix 

C.10]  

3.2.2 Scenario Analysis 

Our base-case analysis included measures of efficacy for the Methadone-containing and 

Buprenorphine-containing treatment strategies from the Cochrane meta-analysis and systematic 

review at a fixed-rate for medium-dosage, as the other treatment strategy drugs were tested at a 

fixed-rate.  However, as stated in the meta-analysis, fixed-dose treatment of either methadone or 

buprenorphine is rarely seen in clinical practice, and therefore flexible-dose analyses are more 

relevant to real-world settings.28  In scenario analysis, we added 2 additional treatment strategies 

(MMT-only-flex & BMT-only-flex) utilizing the measures of efficacy reported in the meta-analysis 

for flexible-dose methadone and buprenorphine. 
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Additionally, in better approximating real-world settings, we drew from our previous 

research (“Comparing Different Drug Pricing Schedules in Cost-Effectiveness Analyses of 

Extended-Release Medications for Opioid Use Disorder: Including Single-Drug and Multi-Drug-

in-Sequence Treatment Strategies”) on different pricing schedules for the drugs evaluated in our 

model.  We utilized the FSS drug prices in this current study’s base-case analysis, as they are 

publicly available, and approximate the Drug Manufacturer’s Net (DMN) prices, which are not 

publicly disclosed.  The DMN prices were used and reported in the model and paper on ERMOUDs 

cost-effectiveness released by the Institute for Clinical and Economic Review (ICER).27  The 

Urban Institute, however, released a study stating ICER may have used inaccurate drug pricing, as 

the DMN price does not include the rebates and discounts afforded to Medicaid, the majority 

provider of OUD treatment.15  In another scenario tested, we ran the base-case analysis with 

Medicaid Rebate-Adjusted (MRA) prices for the ERMOUDs, per the Urban Institute report, both 

with and without the added flexible-dose treatment strategies.  The DMOUD drug prices remained 

the same, as they are not necessarily drug specific, but rather reflect the cost of MMT and BMT 

treatment, reported by the National Institute on Drug Abuse.29 

Table 3.5 Scenario Analysis Drug Prices 

$/dose FSS DMN MRA 

Vivitrol $897  $759  $589  

Sublocade $1,205  $1,209  $1,147  

Probuphine $3,680  $3,640  $2,038  
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3.3 Results 

The “Buprenorphine Maintenance Treatment” (BMT-only) strategy, followed by the 

“Methadone Maintenance Treatment” (MMT-only) strategy were the most cost-effective treatment 

strategies in all time-horizons when all 34 treatment strategies were included in the analysis (full 

analysis), as well as when only the single-drug treatment strategies (single-drug analysis) were 

tested.  The other undominated strategies in both the full and single-drug analyses were 

Probuphine-containing multi-drug-in-sequence treatment strategies, except for “Vivitrol-Only” 

(VIV-only) treatment strategy in the single-drug analysis’ 18-month time-horizon. [Table 3.6] 

Table 3.6 Undominated Treatment Strategies 

Undom. Ranked 6-months 1-year 18-months 2-years 

ALL 

Strategies 

1 BMT-only 

2 MMT-only 

3 MMT→PRO 

4 PRO→SUB PRO2→MMT 

5   PRO2→VIV   

Single-

Drug 

Strategies 

1 BMT-only 

2 MMT-only 

3 PRO→gSL VIV-only   

**PRO: 1-cycle in 6-month time-horizon; 2-cycles in >6-months 

**MMT-only in 2-year time-horizon has ICER<$50,000 

 

The MMT-only treatment strategy was the only other treatment strategy to be considered 

cost-effective with an incremental cost-effectiveness ratio (ICER) below a Willingness-to-Pay 

(WTP) of $50,000, and only in the 2-year time-horizon (ranging from $88,0206-months - $49,6112-

years).  All other undominated treatment strategies’ ICERs were significantly larger, ranging from 

the “Methadone Maintenance Treatment → Probuphine (1-cycle)” (MMT→PRO1) treatment 
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strategy in the full analysis at 6-months being $138,476, to the VIV-only treatment strategy in the 

single-drug analysis at 18-months being $2,614,033. [Table 3.7] 

Table 3.7 Incremental Cost-Effectiveness Ratios 

6-months Strategy Cost Incr Cost Eff Incr Eff Incr C/E 

ALL 

Strategies 

BMT-only $1,305  0.34917   

MMT-only $1,732 $427 0.35402 0.00485 $88,020 

MMT→PRO1 $2,013 $281 0.35604 0.00203 $138,476 

PRO1→SUB $3,644 $1,630 0.36375 0.00771 $211,539 

Single-

Drug 

Strategies 

BMT-only $1,305  0.34917   

MMT-only $1,732 $427 0.35402 0.00485 $88,020 

PRO1→gSL $3,531 $1,799 0.36178 0.00777 $231,629 

       

1-year Strategy Cost Incr Cost Eff Incr Eff Incr C/E 

ALL 

Strategies 

BMT-only $1,813  0.71180   

MMT-only $2,563 $751 0.72197 0.01017 $73,767 

MMT→PRO2 $3,285 $722 0.72483 0.00286 $251,923 

PRO2→SUB $7,204 $3,919 0.73566 0.01082 $362,171 

Single-

Drug 

Strategies 

BMT-only $1,813  0.71180   

MMT-only $2,563 $751 0.72197 0.01017 $73,767 

PRO2→gSL $6,999 $4,435 0.73137 0.00940 $472,006 

       

18-months Strategy Cost Incr Cost Eff Incr Eff Incr C/E 

ALL 

Strategies 

BMT-only $1,999  1.07245   

MMT-only $2,942 $942 1.08808 0.01563 $60,275 

MMT→PRO2 $3,981 $1,039 1.09142 0.00334 $311,055 

PRO2→MMT $8,178 $4,197 1.10089 0.00947 $443,310 

PRO2→VIV $9,321 $1,143 1.10212 0.00123 $930,179 

Single-

Drug 

Strategies 

BMT-only $1,999  1.07245   

MMT-only $2,942 $942 1.08808 0.01563 $60,275 

VIV-only $6,021 $3,079 1.08926 0.00118 $2,614,033 

       

2-years Strategy Cost Incr Cost Eff Incr Eff Incr C/E 

ALL 

Strategies 

BMT-only $2,068  1.43118   

MMT-only $3,114 $1,046 1.45227 0.02108 $49,611 

MMT→PRO2 $4,293 $1,179 1.45615 0.00388 $303,926 

PRO2→MMT $8,727 $4,434 1.46724 0.01109 $399,798 

Single-

Drug 

Strategies 

BMT-only $2,068  1.43118   

MMT-only $3,114 $1,046 1.45227 0.02108 $49,611 
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There are notable differences between the BMT-only and MMT-only treatment strategies 

when comparing their health state tracings. [Appendices C.11-12]  While both treatment strategies 

resulted in similar cohort proportions ending (Ending Results), as well as spending time throughout 

the study (Cumulative Totals) in Remission, or the OFF without Illicit Use of Opioids (“OFF w/o 

IUO”) health state, the MMT-only treatment strategy resulted in higher Retention in treatment, and 

lower Relapse than the BMT-only treatment strategy.  Retention in MMT-only over BMT-only grew 

with longer time-horizons, in both the In-treatment with and without Illicit Use of Opioids health 

states (“MAT w/o IUO” & “MAT w/ IUO”), as well as in both comparing the Ending Results and 

the Cumulative Totals. [Appendices C.13-14]  This was seen especially in the Ending Results over 

a 2-year time-horizon, where Retention in MMT-only treatment without Illicit Use of Opioids was 

over 4-times higher that of the BMT-only treatment strategy. [Figure 3.3] 

 

Figure 3.3 Health State Comparison: MMT/BMT 
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3.3.1 Sensitivity Analysis Results 

Probabilistic Sensitivity Analysis using the Monte Carlo method, over 500 iterations, found 

the BMT-only treatment strategy to be the most cost-effective over all time-horizons, in both the 

full and single-drug models. [Appendices C.4-5]  The cost-effectiveness scatterplots consistently 

show Sublocade-containing treatment strategies clustered and dominated.  [Figure 3.4]  

 

Figure 3.4 Scatterplot Showing Sublocade's Separation (orange) 

The cost-effectiveness acceptability curves show the BMT-only treatment strategy being 

largely preferred, with the MMT-only treatment strategy being second.  The MMT-only treatment 

strategy overtakes preference from the BMT-only treatment strategy at an intersection which 

decreases over time, from a WTP of around $90,000 in the 6-month time-horizon, to about $50,000 

in the 2-year time-horizon.  [Figure 3.5] 
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Figure 3.5 BMT Loses Dominance to MMT Over Time 

 

This is reflected further in the strategy selection at a WTP of $50,000 charts, where the 

BMT-only treatment strategy is the preferred strategy 79%(full-model)-82%(single-drug-model) in the 6-

month time-horizon, decreasing to 51%(full-model)-53%(single-drug-model) in the 2-year time-horizon. 

[Appendices C.8-9] 

One-way sensitivity analysis revealed that the BMT-only and MMT-only treatment strategy 

models, when compared to each other, were most sensitive to variation of the same model 

parameters in all time-horizons tested.  These treatment strategy models were most sensitive to the 

probability of entering into treatment, followed by the probability of leaving treatment, the 

probability of relapsing to illicit opioid use, and the probability of readmission or reentry following 

discontinuation due to illicit opioid use. [Appendix C.10] 

 

Figure 3.6 Tornado Diagram Variable Comparison Table 
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3.3.2 Scenario Analysis Results 

The BMT-only treatment strategy’s preference over the MMT-only treatment strategy 

decreased to nearly even odds (51% vs. 49%, respectively) in the base-case probabilistic analysis 

at the 2-year time-horizon, as reported above.  When the flexible-dose Methadone and 

Buprenorphine treatment options were added, the flexible-dose Buprenorphine Maintenance 

Treatment (BMT-only-flex) strategy was the overwhelmingly preferred strategy selection (79%6-

months-100%2-years), with the BMT-only strategy second and only.  

 

Figure 3.7 Base-Case Scenario Analysis with FSS 

Pricing 

 

Figure 3.8 Scenario Analysis with Flexible Dosing 

and FSS Pricing 

 

The BMT-only-flex treatment strategy was the preferred selection also in the Monte Carlo 

scenario analysis with Medicaid-Rebate Adjusted prices for the ERMOUDs and flexible-dose 

Methadone and Buprenorphine treatment options included.  However, the BMT-only-flex treatment 

strategy’s clear majority was not evident in the 6-month time-horizon, where the “Probuphine (1-

cycle) → Sublocade” (PRO1→SUB) treatment strategy came second (47%BMT-only-flex vs. 

41%PRO1→SUB). 
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Figure 3.9 Base-Case Scenario Analysis with MRA 

Pricing 

 

Figure 3.10 Scenario Analysis with Flexible Dosing 

and MRA Pricing

 

The use of MRA prices increased the likelihood of more treatment strategies being a viable 

cost-effective selection and decreased the predominant treatment strategy’s majority position.  

This was shown in our previous research, and evident in our scenario analysis with MRA prices 

not including the flexible-dose strategies, where there were 16 treatment strategies with any 

selection preference percentage, compared to just 2 with FSS pricing.  In the 6-month time-

horizon, with MRA pricing, the PRO1→SUB treatment strategy was preferred over the BMT-only 

treatment strategy, 53% to 24%. [Appendices C.15-16] 
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3.4 Discussion 

When comparing the cost-effectiveness of OUD treatment strategies, it is important to 

include MMT and BMT, the mainstays of Medications for Opioid Use Disorder (MOUD), 

previously known as MAT (Medication-Assisted Treatment), since the availability, adoption, and 

coverage for ERMOUDs remains comparatively minute.  In 2018, Medicaid covered nearly 30-

times more prescriptions for buprenorphine than naltrexone (93.7% being Vivitrol), of which only 

0.06% were extended-release buprenorphine formulations.15  Commercial health insurance 

coverage is similarly scant, with only 0.2% and 0.01% of all buprenorphine prescriptions, in 2018, 

being for Sublocade and Probuphine, respectively.16   

ERMOUDs are becoming the preferred route of administration, according to some 

reports,30 due to their ability in overcoming barriers such as patient non-compliance, missing 

doses, drug diversion, and even inadvertent overdose or accidental poisoning.31  However, in our 

base-case analysis, over all time-horizons, the daily-formulation BMT-only treatment strategy was 

found to be the most cost-effective strategy in both our full model and single-drug model.  This is 

similar to the results of the aforementioned Institute for Clinical and Economic Review (ICER) 

report, which modeled ERMOUDs compared to a daily-formulation of generic Sublingual-

Buprenorphine/Naloxone (gSL-Bup/Nal), and found that the extended-release formulations were 

“judged to represent low value for the money.”8 

We expect the ERMOUD prices to decrease, as they are still comparatively new MOUD 

treatment options with no generic drug substitutes currently available, which will increase their 

cost-effective competitiveness.  This was evident in our scenario analysis, where MRA prices were 

modeled, producing different outcomes, especially in the 6-month time-horizon.  The PRO1→SUB 

treatment option was preferred over the BMT-only strategy, being not only a multi-drug-in-
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sequence treatment strategy compared to a single-drug strategy, but also a combination of 2 

different ERMOUDs.  This not only shows the potential of extended-release formulations, but also 

supports the importance of testing multi-drug-in-sequence treatment strategies, as they better 

approximate real-world settings and OUD treatment clinical courses that follow a chronic medical 

condition, expectant of relapses and remissions.  Furthermore, these 6-month time-horizon 

findings are significant, since nearly all of the model inputs are from 6-month duration studies, 

there is more confidence in the model’s 6-month time-horizon results then longer extrapolations. 

Along with perception changes in OUD to a chronic medical condition, the goals of 

treatment have likewise shifted away from a complete abstinence of illicit opioid use as recovery, 

to focus more on retention in treatment, and ongoing management of this complex disease.  

Treatment Retention not only increases the probability of long-term Remission, but also reduces 

the transmission of HIV and HCV, increases the likelihood of employment, decreases criminal 

behavior associated with drug use, and lowers the risk of overdose and death.32  Therefore, it is 

important to analyze the health state tracings of the treatment strategies in this light.  When 

comparing the BMT-only treatment strategy to the next most cost-effective option, the MMT-only 

treatment strategy, there are some important differences.  The MMT-only strategy retained in 

treatment more of the cohort across all time-horizons, by up to 4-times more, than the BMT-only 

strategy, with more in treatment abstaining from illicit opioid use than using.  Conversely, while 

the BMT-only treatment strategy resulted in slightly less of the cohort ending in, and occupying 

throughout, the Remission health state (denoted as Out of Treatment without Illicit Use of Opioids 

“OFF w/o IUO”), it also resulted in more Relapses (denoted as Out of Treatment with Illicit Use 

of Opioids “OFF w/ IUO”) and Deaths.  Thus, despite being the more cost-effective treatment 



 68 

option, the BMT-only strategy may not be the best clinical choice.  This may very well be the case 

for the other treatment strategies tested. 

The global coronavirus pandemic has only exacerbated the ongoing opioid epidemic.  

Barriers to treatment have increased with efforts to mitigate the spread of COVID-19, including 

social distancing, quarantine, and an overwhelmed healthcare delivery system.  To improve 

MOUD access, the federal government released new guidelines regarding MMT and BMT 

specifically.  The Substance Abuse and Mental Health Services Administration (SAMHSA) 

released guidance on March 16, 2020, which permitted the federally approved Opioid Treatment 

Programs (OTP), the only dispensary of methadone for OUD, to dispense 28-day take-home 

supplies of methadone for clinically stable patients, and 14-day take-home supplies to less stable 

patients deemed safe by the OTP.33  Although these take-home supplies are not extended to patients 

newly initiating MMT, or those in short-term or interim treatment (who are still required in-person 

visits), they do significantly change treatment for those already receiving treatment.  Previously, a 

28-day take-home supply was only permitted to those clinically stable, and in treatment for at least 

2 years.  A 14-day take-home supply was likewise only available after at least 1 year of treatment. 

The Drug Enforcement Agency (DEA) released new guidance on March 31, 2020 

regarding BMT, which allowed the initiation of treatment with buprenorphine via tele-medicine 

without an in-person exam.34  Buprenorphine may be prescribed only by qualified providers who 

have undergone specialized training to obtain an “X-waiver” in accordance with the Drug 

Addiction Treatment Act of 2000 (DATA2000),35 which regulates the number of patient’s a 

prescriber can treat.  However, the number of providers with an “X-waiver” is not nearly enough 

to match the clinical need, contributing to insufficient capacity.36  Furthermore, the number of 

providers with an “X-waiver” who actually prescribe buprenorphine is even lower, and those who 
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do treat patients with BMT follow less than half the number of patients their “X-waiver” allows 

them to see.37 

These new regulations regarding access and availability of MMT and BMT diminish one 

of the main advantages that ERMOUDs had over DMOUDs, being the ability to decrease provider 

contact.  Under the new guidelines, those who are clinically stable and receiving MMT may only 

be required monthly in-person contact with their healthcare provider, just like those receiving 

Vivitrol or Sublocade monthly injections.  Those receiving BMT may go longer than a month 

without contact, which may rival Probuphine’s 6-month duration.  Moreover, any follow-up care 

through an OTP for either MMT or BMT are allowed via tele-medicine, including phone only. 

In the very last days of the Trump Administration, the US Department of Health and 

Human Services (HHS) released “Practice Guidelines for the Administration of Buprenorphine for 

Treating Opioid Use Disorder” which would eliminate the “X-waiver” requirement for DEA 

registered physicians treating up to 30 patients for OUD with buprenorphine.38  These new 

guidelines, announced on January 14th 2021, were in response to provisional data released by the 

US Center for Disease Control and Prevention that reported over 83,000 overdose deaths from 

July 2019 to July 2020.  This is the highest number of overdose deaths ever reported in one year, 

as well as a 24.2% increase from the previous year.39  However, only one week into the new Biden 

Administration, these measures were reversed.  A statement released by HHS, on January 27th 

2021, stated that the guidelines were announced prematurely, and “cannot be issued at this time.”40  

We acknowledge the difference between the theoretical cost-effectiveness of our treatment 

strategies differ from the practical real-world clinical application and use of these regimens.  

Although the DMOUD treatment strategies were found to be more cost-effective over the 

ERMOUD options, the extended-release formulations still provide unique clinical advantages over 
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daily formulations, as in abating drug diversion (especially in certain populations including the 

criminal justice involved), increasing compliance, and potentially improving treatment retention.  

It is important to note that these results may be due, in part, to the model input probabilities used 

for the DMOUDs, as they were from a meta-analysis instead of from a single study source, as the 

ERMOUDs were.  In fact, in our previous research, when the ERMOUDs were compared to 

generic Sublingual-Buprenorphine/Naloxone, using measures of efficacy from a single-source 

study,41 the ERMOUDs were consistently more cost-effective.  

There were some other important limitations in both our model inputs and design.  The 

health utility model inputs were not specific to each treatment strategy.  Measurements of efficacy 

and attrition were not from one single study, but rather from different single-source RCTs for the 

ERMOUDs, and a meta-analysis for the DMOUDs, which are all subject to individual study 

design, measurement, administration, and reporting differences.  The single-source RCT research 

studies cited, as well as most studies comprising the meta-analysis, shared the same 24-week study 

duration.  Therefore, we recognize that extrapolating that data over a 2-year time-horizon may not 

return as reliable results, however, it was important to extend our model duration, as OUD is now 

looked at as a chronic medical condition, requiring long-term, if not life-long, medical care.  

Nevertheless, we were reassured by our longer time-horizon results, as they were consistently 

stable and non-sporadic over time, oftentimes resulting in the same treatment strategies carrying 

over several time-horizons.  We further realize that there are significant issues with 

generalizability, which not only carry through from the sources used, but also from not accounting 

for individualization in the model construction, including demographic differences, opioid use 

patterns and preferences, and patient use and prior treatment history.  
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This cost-effectiveness analysis is too premature to be used as clinical guidance, however 

it can provide the evidence necessary to examine the currently available MOUDs, and compare 

the cost-effectiveness of both daily and extended-release formulations.  
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3.5 Conclusion 

Daily formulations of Medications to treat Opioid Use Disorder, specifically the mainstays 

of BMT and MMT, may be more cost-effective treatment options over newer extended-release 

formulations until the price of both formulations better align with their demonstrated benefits.  

While the newer extended-release formulations are an important addition to the treatment options 

of OUD, and provide unique clinical advantages over the daily formulations, the single-drug BMT-

only treatment strategy tested as the most cost-effective, especially with the newly released federal 

regulations on OUD treatment during the coronavirus pandemic. 
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Appendix A Additional Tables and Figures for:                                                                       

Cost-Effectiveness of Extended-Release Medications for Opioid Use Disorder Treatment 

Strategies: Single-Drug and Multi-Drug-in-Sequence Regimens 
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Appendix A.1 Cost-Effectiveness Frontiers 
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Appendix A.2 Cost-Effectiveness Scatterplots 
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Appendix A.3 Monte Carlo Acceptability Curves 

 

 



 79 

 

 



 80 

Appendix A.4 Probabilistic Analysis Strategy Selection 
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Appendix A.5 One-Way Sensitivity Analysis Tornado Diagram Variable Table 
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Appendix A.6 Health State Proportions Comparisons 
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Appendix B Additional Tables and Figures for:                                                              

Comparing Different Drug Pricing Schedules in Cost-Effectiveness Analyses of Extended-

Release Medications for Opioid Use Disorder: Including Single-Drug and Multi-Drug-in-

Sequence Treatment Strategies
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Appendix B.1 Most Cost-Effective Treatment Strategies  

Appendix B.1.1 By Incremental Cost-Effectiveness Ratios  

 

Appendix B.1.2 By Monte Carlo Strategy Selection   

by ICER 6-months 1-year 18-months 2-years

Wholesale 

Acquisition Cost 

(WAC)

Probuphine (1-cycle) → 

Vivitrol
Probuphine (1-cycle) → generic Sublingual Buprenorphine/Naloxone

Drug 

Manufacturer’s Net 

(DMN)

Vivitrol-Only
Probuphine (1-cycle) → generic Sublingual 

Buprenorphine/Naloxone

Medicaid Rebate-

Adjusted 

(MRA)

Probuphine (1-cycle) → 

Vivitrol
Probuphine (1-cycle) → generic Sublingual Buprenorphine/Naloxone

by Monte Carlo 6-months 1-year 18-months 2-years

Wholesale 

Acquisition Cost 

(WAC)

Probuphine (1-cycle) → 

Vivitrol
Probuphine (1-cycle) → generic Sublingual Buprenorphine/Naloxone

Drug 

Manufacturer’s Net 

(DMN)

Vivitrol-Only Probuphine (1-cycle) → generic Sublingual Buprenorphine/Naloxone

Medicaid Rebate-

Adjusted

(MRA)

Probuphine (1-cycle) → 

Vivitrol

Probuphine (1-cycle) → generic Sublingual 

Buprenorphine/Naloxone

Vivitrol → Probuphine 

(1-cycle)
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Appendix B.2 Cost-Effectiveness Frontiers 
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Appendix B.3 Monte Carlo Acceptability Curves 

Appendix B.3.1 6-month timeframe 
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Appendix B.3.2 1-year timeframe 
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Appendix B.3.3 18-month timeframe 
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Appendix B.3.4 2-year timeframe 
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Appendix B.4 Probabilistic Analysis Strategy Selection 
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Appendix B.5 One-Way Sensitivity Analysis Tornado Diagram Variable Comparison 
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Appendix C Additional Tables and Figures for:                                                              

Comparing Methadone & Buprenorphine Maintenance Treatments with Extended-Release 

Medications for Opioid Use Disorder: Including Single-Drug and Multi-Drug-in-Sequence 

Treatment Strategies
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Appendix C.1 Treatment Strategies Added to Previous Study 
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Appendix C.2 Cost-Effectiveness Frontiers (All Strategies) 
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Appendix C.3 Cost-Effectiveness Frontiers (Single-Drug Strategies Only) 
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Appendix C.4 Cost-Effectiveness Scatterplots (All Strategies) 
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Appendix C.5 Cost-Effectiveness (Single-Drug Strategies Only) 
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Appendix C.6 Monte Carlo Acceptability Curves (All Strategies) 
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Appendix C.7 Monte Carlo Acceptability Curves (Single-Drug Strategies Only) 

 

 



 109 

 



 110 

Appendix C.8 Probabilistic Analysis Strategy Selection (All Strategies) 
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Appendix C.9 Probabilistic Analysis Strategy Selection (Single-Drug Strategies Only) 
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Appendix C.10 One-Way Sensitivity Analysis Tornado Diagrams 
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Appendix C.11 Health State Tracings (“BMT-Only” Strategy) 
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Appendix C.12 Health State Tracings (“MMT-Only” Strategy) 
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Appendix C.13 Health State Comparison Ratios (MMT/BMT) 

 



 119 

Appendix C.14 Health State Comparison Ratios (BMT/MMT) 
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Appendix C.15 Scenario Analysis Strategy Selection Comparison (FSS Pricing) 
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Appendix C.16 Scenario Analysis Strategy Selection Comparison (MRA Pricing) 
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