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Objectives: This paper illustrates survival models for analysis of
trials of substance use treatment programs. It uses public release data
from a study of extended-release naltrexone (XR-NTX), relative to
buprenorphine-naloxone (BUP-NX).

Methods: We used publicly available data from the X:BOT trial
(n=570), which compared XR-NTX to BUP-NX on 2 efficacy
outcomes (opioid relapse, use of nonprescribed opioids; positive
opioid urine test) and 1 safety outcome (overdose). Intention-to-treat
(ITT) and per-protocol approaches were implemented using survival
models that included treatment-by-time interactions.

Results: Consistent with the original trial findings, 72% of XR-NTX
and 94% of BUP-NX subjects initiated treatment; the ITT hazard
ratio for XR-NTX relative to BUP-NX was 1.40 (95% confidence
interval: 1.13, 1.73; P < 0.01) for opioid relapse and 1.31 (1.07, 1.60;
P=0.01) for positive urine test. Using treatment-by-time interac-
tions, we examined the time-dependent effect of XR-NTX and found
an elevated ITT overdose hazard ratio of 2.4 (1.1, 5.3; P=0.03)
overall and 3.8 (1.2, 11.6; P = 0.02) during the study treatment phase.
This result (28 overdoses overall; 17 overdoses during the study
treatment phase) contrasts with the previous analysis, which reported
minimal differences in overdose between XR-NTX and BUP-NX.
Conclusions: An advantage of using time-dependent Cox models is
its ability to isolate effects during specific periods. In general, our
survival analyses concur with the conclusions of Lee et al (2018) for
the efficacy outcomes, which demonstrated superiority of BUP-NX.
In contrast to the original report, our analysis indicates a greater risk
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of overdose for XR-NTX, predominantly during the study treatment
phase. Further investigation of this finding is a pressing research
priority.

Key Words: intention-to-treat, per-protocol, randomized controlled
trial, substance use disorder

(J Addict Med 2021;XX: XXX—XXX)

pioid use disorder (OUD) is a chronic condition that

affects at least 3 million lpeople in the United States and
16 million people worldwide.” There are 3 medications that
have been approved for abstinence-based OUD recovery”>:
injectable extended-release naltrexone (XR-NTX), buprenor-
phine-naloxone (BUP-NX), and methadone. Randomized
open-label trials are the primary means of establishing safety
and efficacy for OUD recovery. However, there are numerous
complexities in conducting trials. These include loss to fol-
low-up that may be differential between treatments, resulting
in follow-up time that varies between subjects.

This paper illustrates the use of 2 types of survival
analysis models to partially address these issues in the data
analysis phase of a trial. Standard Cox models can be used
to estimate the treatment effect on average across the
entire follow-up period, and Cox models with treatment-
by-time interactions can be used to estimate treatment effects
specific to defined subintervals of the overall follow-
up period.

Example Randomized Controlled Trial: X:BOT Trial
X:BOT was a randomized, multi-center, open-label,
clinical trial conducted from 2014 to 2016, comparing XR-
NTX and BUP-NX over 24 weeks. X:BOT (Trial CTN-0051)
was supported by the National Institute on Drug Abuse. The
purpose of X:BOT was to determine the comparative effec-
tiveness and safety of XR-NTX and BUP-NX. A total of 570
patients were 1:1 randomized.* The primary outcome of
interest was time-to-relapse, where relapse was defined as
the use of any nonprescribed opioids, starting 21 days after
randomization. Secondary outcomes of opioid use other than
treatment medications, and adverse events, including over-
dose, were also analyzed.* Nontreatment opioid use during
the study treatment phase was measured by a weekly patient
report’ and urine drug tests.® Spontaneous adverse events
were reported to study clinicians by study participants.’
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Naltrexone is a pure mu-opioid receptor antagonist.
Buprenorphine is a partial mu-opioid receptor agonist with
antagonist properties. Therefore, both medications require
patients to have metabolized and eliminated exogenous opioid
agonists and to effectively be in early stages of withdrawal. In
X:BOT, BUP-NX was provided as a daily, self-administered,
sublingual film and was initiated once withdrawal symptoms
appeared during detoxification. In contrast, patients receiving
XR-NTX required complete detoxification, negative opioid
urine test results, and a negative naloxone challenge test.* XR-
NTX injections (4 mL) were scheduled every 28 days.

Induction proportions differed markedly between treat-
ment groups in X:BOT. Induction is defined as a status such that
a randomized individual received an injection of XR-NTX or
was dispensed BUP-NX.° A total of 28% of patients in the XR-
NTX arm, compared to 6% in the BUP-NX arm, were not able
to be inducted into treatment.* The original analysis using an
intention-to-treat (ITT) approach indicated the risk of relapse
was higher in XR-NTX versus BUP-NX (hazard ratio
[HR] =1.36, 95% confidence interval [CI] 1.10—1.68).4 The
original report* noted that this was largely due to the early
relapse among XR-NTX participants who did not complete
induction.* Accordingly, the original report* also presented a
per-protocol (PP) type analysis, limited to participants success-
fully inducted, concluding the hazard of relapse was similar for
XR-NTX versus BUP-NX (HR 0.92, 95% CI 0.71-1.18).*

An acknowledged limitation of the original report* was
that, in contrast to the primary outcomes, time-to-event
(survival) models were not used for urine and overdose out-
comes. Thus, time-independent comparative effectiveness
assessment for those 2 outcomes reported in the original
paper” could potentially have been affected by the differences
in induction and drop-out between the 2 arms.® Furthermore,
the ITT and PP time-to-event analyses assumed a constant
treatment effect over time for the relapse endpoint. As noted
in the original report, the data supported this assumption for
the PP models but not the ITT models.*

The primary purpose of this paper was to illustrate the
usefulness of Cox models, particularly those involving treat-
ment-by-time interactions, for the analysis of trials of treat-
ments of OUD. To illustrate the use of these models, we
analyzed the publicly available data from X:BOT,’ to examine
the efficacy (opioid relapse and positive opioid urine test) and
safety (overdose) outcomes using time-independent and time-
dependent survival models. Specifically, the models used in
this paper illustrate simple (time-independent) Cox survival
analysis models for time-to-relapse, time-to-first nonnegative
opioid urine test, and time-to-overdose. In addition, given
evidence for the presence of time interactions in the ITT
results presented in the original report,* we also utilized Cox
models with treatment-by-time interactions with the objective
of differentiating effects during the pretreatment, treatment,
and posttreatment phases.

METHODS
X:BOT Trial Design

X:BOT was an open-label randomized clinical trial that
compared XR-NTX and BUP-NX over a 24 week follow-up

period on 2 efficacy outcomes (opioid relapse and positive
opioid urine test) and 1 safety outcome (overdose), conducted
from 2014 to 2016. Eight study sites were used to recruit
patients who were 18 years or older, spoke English, had an
OUD (as specified by the Diagnostic and Statistical Manual of
Mental Disorders-5), and had any form of nonprescribed
opioid use in the last 30 days.

Patients

Of the 570 patients in this study, the majority were white
(78%), male (70%), and their average age was 34 years. For
the ITT approach, the public use data file contained 283
participants randomized to the XR-NTX group and 287
randomized to the BUP-NX group. identical to the reported
treatment allocation numbers™ Following the approach for the
PP approach® we included only individuals who were inducted
into the study. This yielded 204 individuals in the XR-NTX
group and 270 individuals in the BUP-NX group, identical to
the numbers reported.”*

Exclusion Criteria

Patients were excluded if they had any serious medical,
psychiatric, or nonopioid substance use disorder. Other exclu-
sion criteria included transaminase concentrations greater
than 5 times the upper limit of normal, suicidal, or homicidal
idealization, an allergy or sensitivity to XR-NTX or BUP-NX,
prior methadone maintenance treatment, chronic pain requir-
ing the use of opioids, legal obligations, inability to safely
receive intramuscular injections, and any women who were
pregnant, breastfeeding, planning to conceive, or unwilling to
use contraception.

Survival Analysis Outcomes

Time-to-Relapse

Opioid relapse was defined as ““4 consecutive weeks of
any non-study opioid use by urine toxicology or self-report, or
7 consecutive days of self-reported use.”* The publicly
available data files included a preconstructed binary relapse
outcome variable, which we used for our analysis. We ana-
lyzed time-to-relapse using Cox regression to compare treat-
ment arms, where time-to-relapse was defined as non-study
opioid use measured from date of randomization (day 0). For
the ITT approach, individuals who were not successfully
inducted were considered to have relapsed on the date of
induction failure.

Time-to-Nonnegative Weekly Urine Test

Lee et al* analyzed weekly opioid-negative urine sam-
ples with a mixed-effects model where missing tests were
considered positive. A positive opioid urine test was defined
as “non-study opioids (buprenorphine, methadone, morphine
[heroin, codeine, morphine], or oxycodone).”4 In this reanal-
ysis, we created a new variable from the public-use urine
toxicology data file® of opioid urine test results. We defined a
positive opioid urine test in the same way” and analyzed the
time-to-first positive opioid urine test for each individual,
starting at randomization; occurrences of subsequent positive
tests were ignored. In this reanalysis we considered missing



tests as positive,* but also considered missing tests as
missing to investigate the impact of the strong assumption
that all missing tests would have been positive, had they been
available.

Time-to-Overdose

Overdose events were precoded on the publicly avail-
able data files as a binary variable for any overdose, using date
of first overdose as reported spontaneously and supported by
medical record review.” Overdose was examined as a second-
ary endpoint in X:BOT because of its considerable public
health importance as the adverse event of greatest conse-
quence. Only 8 participants had an opioid specified as the
substance involved overdose, but the adverse event reporting
system used in X:BOT means substance could not be guaran-
teed to have been systematically collected by the study
procedures. One participant had an unknown substance over-
dose, 1 participant had a “narcotic” overdose, and 1 partici-
pant had a cocaine overdose. All other overdoses (n=17,
61%) in the dataset did not include a type of overdose. Thus,
for our analysis, we included any overdose event, irrespective
of the substance(s) involved.

Data Analysis

Consistent with the original aims of the X:BOT trial,*
unadjusted Cox regression was used to compare the 2 treat-
ments for 3 outcomes: opioid relapse, positive opioid urine
test, and overdose. For each outcome, patients who did not
experience the outcome (opioid relapse, positive opioid urine
test, or overdose event) were right censored on the partic-
ipant’s last recorded date of observation. We also conducted a
Fisher exact test with the publicly available data to directly
compare overdose proportions.

Graphical inspection of the public use dataset demon-
strated a strong violation (nonconstant HR over time) in both
the ITT and PP analyses for all 3 outcomes (Fig. 1): opioid
relapse, positive opioid urine tests, and overdose event out-
comes. The log-negative log survival curves represent cumu-
lative incidence over time, and show a clear violation in
proportionality due to the nonparallel curves. Thus, in
time-dependent Cox models (see Appendix, Supplemental
Digital Content 1, http:/links.Iww.com/JAM/A311, which
illustrates regression analysis) time-by-treatment interactions
were included to allow HRs to be computed for 3 different
periods of follow-up: pretreatment, treatment, and posttreat-
ment. The pretreatment period started at day O until day 21,
treatment was from day 22 until day 168 (24 weeks), and
follow-up was defined as 169+ days.* The original report*
did not include any time-by-treatment interactions, but did
describe nonconstant HRs over time in the ITT approach and
included a graphical presentation of nonconstant HRs.

Ethics Oversight
This work was reviewed and determined to be exempt
by the University of North Carolina at Chapel Hill IRB.

RESULTS
Using publicly available data,’ we were unable to fully
replicate the results in the original report.* Specifically, there

were small differences in counts of relapse and overdose
events between the published results* and the counts we
computed from the publicly available data files (Table 1).
The absolute differences were small, never larger than 5 for
any outcome in any arm. However, for the overdose outcome,
the number of outcomes was low. Therefore, the difference in
overdoses were large as a proportion of the reported counts
(about 30% higher).

Time-to-Relapse

For the ITT analysis, the public data file contained 180
relapses in the XR-NTX arm (n = 283) and 159 relapses in the
BUP-NX arm (n=287), compared to 185 and 163 in the Lee
et al* analysis, respectively. For the PP analysis there were 101
relapses in the XR-NTX arm (n =204) and 145 relapses in the
BUP-NX arm (n=270), compared to 106 and 150" analysis,
respectively. Due to these slight differences, this reanalysis
produced similar but slightly different HRs (Table 1).

The hazard of opioid relapse was 1.40 times higher
(95% CI: 1.13, 1.73; P <0.01) in the XR-NTX arm than the
BUP-NX arm on average during the course of the study using
an ITT approach (Table 1). Using models with treatment-by-
time interaction, during the study treatment phase there was a
45% increase in the hazard of relapse for XR-NTX compared
to BUP-NX (HR =1.45; 95% CI: 1.17, 1.81; P <0.01) using
an ITT approach (Table 2).

Using the public data files we found a higher nominal
percentage of opioid relapse for BUP-NX (145/270) versus
XR-NTX (101/204) for the PP approach. There was no
statistically significant difference in opioid relapse over time
between the 2 groups using the PP approach, however, the HR
suggested a slight protective advantage for relapse prevention
for XR-NTX compared to BUP-NX (HR =0.89; 95% CI:
0.69, 1.14). Lee et al” stated that for the PP approach there was
a higher percentage of opioid relapse events for the BUP-NX
group (150/270) versus the XR-NTX group (106/204), but no
difference was found over time for relative hazard of relapse.

Time-to-Nonnegative Urine Test

For the time-to-nonnegative urine test analysis using an
ITT approach, there was a 31% increase (HR =1.31; 95% CI:
1.07, 1.60; P=0.01) in the hazard of a positive opioid urine
test with XR-NTX compared to BUP-NX averaged over the
entire observation period (Table 1). Treatment-by-time mod-
els indicated that this increase was concentrated in pretreat-
ment phase. During pretreatment the risk of a positive opioid
urine test was 71% higher in XR-NTX arm relative to the
BUP-NX arm (HR=1.71; 95% CI: 1.30, 2.23; P <0.01).

Using survival analysis, similar results were found
when missing urine tests were considered missing and for
the PP approach. This contrasts with the reported analzsis of
the number of weekly opioid negative urine samples.

Time-to-Overdose

The public data file’ contained 19 individuals in the
XR-NTX arm (n=283) and 9 individuals in BUP-NX
(n=287) who had at least 1 overdose. Fewer individuals
with overdoses in the XR-NTX arm were reported” in the
original analysis (n = 15) than the 19 found in the public data
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FIGURE 1. Negative log survival curves for time to first opioid relapse event, first positive urine test, and overdose for naltrexone

(XR-NTX) and buprenorphine-naloxone (BUP-NX). The plots represent the accumulated number of events (vertical axis) over time
(horizontal axis). The plots reveal violation of the proportional hazards assumption in Cox statistical models used in the original trial
analysis. The nonlinearity of the lines, both at early and late time points, suggests that time periods need to be modeled separately to

not violate basic requirements.

file. However, the total number of fatal overdose events in the
public data file” was the same as originally reported* (n=35
events). In contrast to the conclusion of the original report*
that “‘both treatments are equally safe once initiated,” we
found a statistically significant difference between treatments
using a time-to-event analysis. Using a PP approach, we found
a protective factor for overdose prevention with BUP-NX
compared to XR-NTX (HR: 2.10; 95% CI: 0.86, 5.14). During

the study treatment phase the risk of overdose was 3.81 (1.01,
14.36) times higher in XR-NTX compared to BUP-NX when
using PP. Similar results were found for an ITT approach
(Table 1).

DISCUSSION
Our survival analyses concur with the conclusions of
Lee et al (2018) for the efficacy outcomes of relapse and
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positive urine test. In contrast to the original report, our
analysis indicated a greater risk of overdose for XR-NTX,
predominantly during the study treatment phase. The differ-
ences in findings is due in part to relatively minor discrep-
ancies in overdose counts (Table 1) between the publicly
available data and the original analysis.* Replication of
analyses using publicly funded, publicly available clinical
trial data are a critical tool for ensuring confidence in
major trials.

The implications call into question the belief that XR-
NTX prevents overdose or carries no elevated overdose risk.
Although spontaneous adverse event reporting in clinical
trials is normative, there is increasing recognition that RCTs
are inadequate for assessing safety endpoints unless they have
been designed to do so intentionally.'” In the case of the
X:BOT trial, prespecification of and powering for overdose
may have been prohibitively expensive. Yet even with tech-
nical caveats, highlighting null associations based solely on
spontaneous event data is also problematic.

Us.ing10 treatment-by-time interactions, we were able to
isolate efficacy and safety effects during the treatment phase
from the pretreatment and follow-up phases. This is a major
advantage of using time-dependent survival models for all 3
outcomes, however, we acknowledge that the number of
relapse and overdose events is too small in the pretreatment
and follow-up phases to permit inferences that would be
clinically meaningful. Thus, the HRs presented in Table 2
for pretreatment for overdose and relapse, and for all 3
outcomes in the posttreatment phase, should be considered
to be illustrative rather than clinically informative.

As in the original report, our analyses using public data
files found very different HR estimates for the ITT and PP
approaches. Generally, for efficacy outcomes, an ITT
approach is more appropriate because it offers conservative
estimates of effectiveness.'' In X:BOT, if we exclude patients
not inducted (PP) then the treatment groups are unbalanced,
and the use of PP can result in selection bias and nongener-
alizability.'* Since patients who cannot be initiated on treat-
ment are generally considered to be different than those who
can be inducted, the results of a PP approach could be argued
to have limited practical clinical validity unless induction is
assumed to occur completely at random."? In this study it is
clear that noninduction is not at random, as the initiation of
XR-NTX is more difficult than BUP-NX. Lee et al* reports
that since the results from the PP approach for opioid relapse
were nonsignificant, there is no difference between the 2
groups once treatment is established, and they fully acknowl-
edge the differences in induction rates. We concur with the
conclusions of the original report* that the 2 treatments are
similar in terms of relapse once treatment is initiated. Know-
ing that it is more challenging to initiate XR-NTX than BUP-
NX should encourage clinicians to monitor patients on this
medication more closely during the initial 3 weeks, provide
harm reduction support, and make both agonist therapies
available for those who discontinue.

Our time-dependent analyses using an ITT approach
showed that during the study treatment phase there was an
increased risk of opioid relapse for XR-NTX compared to
BUP-NX, but the conclusions found during the study

treatment phase do not appear to carry over to the posttreat-
ment phase. This could indicate that although individuals have
a more difficult time initiating XR-NTX treatment, long-term
results could be promising. Therefore, further investigation
could determine whether it is reasonable to make both treat-
ment modalities available to patients, and have a clinical plan
to switch to agonist therapy for those who discontinue XR-
NTX early. In routine medical care, XR-NTX discontinuation
after 30 days was reported in more than half of patients.'*

In contrast to opioid relapse, our results for positive
opioid urine test and overdose events differ very little between
ITT and PP approaches. However, results for the time-depen-
dent positive urine test analysis differed between time periods.
During posttreatment, there was an increased hazard of posi-
tive opioid urine tests for XR-NTX compared to BUP-NX, but
during the study treatment phase, there was a decreased
hazard. This insight would not available without the use of
time-dependent models and is more robust to the effect of
differential noninduction (b}/ treatment arm) than the analysis
used in the original report.

We found conflicting results for our time-to-overdose
analysis compared to the Fisher exact test in the original
report.* We found statistically significant results for the risk of
overdose for XR-NTX compared to BUP-NX during the study
treatment phase and marginally statistically significant results
across all time periods; however, this analysis reflects small
numbers of overdoses. In contrast, no difference in the
proportion of overdoses between treatment arms was
reported.* Additionally, X:BOT did not use overdose as a
primary outcome, therefore, we caution that these data may
not have been powered to accurately captured differences
between the treatment arms.

Finally, since we used Cox models for all 3 outcomes,
we were able to observe a difference in the magnitude of the
HRs between the opioid relapse and opioid urine models. It
might be common for a participant to experiment with opioid
use and experience the negative reinforcement of attenuated
psychotropic effects of opioids while under naltrexone mu-
opioid receptor blockade. XR-NTX pharmacokinetics may
also be at play. XR-NTX has an initial plasma concentration
peak at 2 hours post administration, and a second peak 2 to
3 days later, with declining levels after 14 days.'®> There may
be differences in the completeness of blockade between XR-
NTX and BUP-NX, whereby mild intoxicating effects of
opioids may be discernible with the latter.'® During the
pretreatment period 43% of the XR-NTX group and only
32% of the BUP-NX group tested positive for opioids. If
experimentation during the early stages of treatment is a
natural course of treatment, the pharmacological properties
of treatment choice may directly influence induction propor-
tions. This has impact on clinical treatment delivery. A harm
reduction approach during induction with XR-NTX would be
ethically responsible knowing that continued use is highly
prevalent and that other treatments afford greater protection
from use during this period.

This study has several limitations, primarily that we
were unable to completely replicate the analysis variables
from the original report published* despite communication
with that team. Although we found very similar counts for



opioid relapse and overdose events, the final outcome variable
and programming code used in the original report were not
available to us. Some variables had limited numbers of events
overall or by follow-up period in our reanalysis.

Additionally, one untestable assumption, and therefore,
limitations to proportional hazards models, is the presence of
general noninformative censoring due to loss-to-follow-up.
This assumption would need to be tested in sensitivity anal-
yses in the future.

CONCLUSIONS

These time-dependent analyses illustrate the use of
survival models, particularly models with treatment-by-time
interactions, in trials of substance use disorder treatment
programs. Results from these models largely concur with
reported conclusions,* particularly for the efficacy outcomes
of relapse and positive urine test. However, for the safety
outcome (overdose), these models indicate a greater risk of
overdose for XR-NTX compared to BUP-NX during the study
treatment phase.
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