
Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalInformation?journalCode=ijme20

Journal of Medical Economics

ISSN: 1369-6998 (Print) 1941-837X (Online) Journal homepage: informahealthcare.com/journals/ijme20

Persistence and healthcare utilization associated
with the use of buprenorphine/naloxone film and
tablet formulation therapy in adults with opioid
dependence

Emilie Clay, Amine Khemiri, Vladimir Zah, Samuel Aballéa, Jane Ruby & Carl
V. Asche

To cite this article: Emilie Clay, Amine Khemiri, Vladimir Zah, Samuel Aballéa,
Jane Ruby & Carl V. Asche (2014) Persistence and healthcare utilization associated
with the use of buprenorphine/naloxone film and tablet formulation therapy in
adults with opioid dependence, Journal of Medical Economics, 17:9, 626-636, DOI:
10.3111/13696998.2014.925463

To link to this article:  https://doi.org/10.3111/13696998.2014.925463

Published online: 06 Jun 2014.

Submit your article to this journal 

Article views: 1174

View related articles 

View Crossmark data

Citing articles: 5 View citing articles 

https://informahealthcare.com/action/journalInformation?journalCode=ijme20
https://informahealthcare.com/journals/ijme20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.3111/13696998.2014.925463
https://doi.org/10.3111/13696998.2014.925463
https://informahealthcare.com/action/authorSubmission?journalCode=ijme20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=ijme20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.3111/13696998.2014.925463?src=pdf
https://informahealthcare.com/doi/mlt/10.3111/13696998.2014.925463?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.3111/13696998.2014.925463&domain=pdf&date_stamp=06 Jun 2014
http://crossmark.crossref.org/dialog/?doi=10.3111/13696998.2014.925463&domain=pdf&date_stamp=06 Jun 2014
https://informahealthcare.com/doi/citedby/10.3111/13696998.2014.925463?src=pdf
https://informahealthcare.com/doi/citedby/10.3111/13696998.2014.925463?src=pdf


Journal of Medical Economics Vol. 17, No. 9, 2014, 626–636

1369-6998 Article 0022.R2/925463

doi:10.3111/13696998.2014.925463 All rights reserved: reproduction in whole or part not permitted

Original article
Persistence and healthcare utilization associated
with the use of buprenorphine/naloxone film
and tablet formulation therapy in adults with
opioid dependence

Emilie Clay
Amine Khemiri
Creativ-Ceutical, Paris, France

Vladimir Zah
ZRx Outcomes Research Inc., Mississauga, ON,

Canada

Samuel Aballéa
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Abstract

Background:

Buprenorphine/naloxone film was developed to improve retention in treatment and reduce public health

risks over the tablet formulation for opioid dependence.

Objectives:

To compare patient persistence and resource utilization between formulations for the treatment of opioid

dependence.

Methods:

A longitudinal, retrospective cohort analysis was conducted to compare persistence and healthcare costs in

a private US insurance claims database. Previously untreated patients, who initiated treatment with

buprenorphine/naloxone following the introduction of the film, were classified in two groups according to

the initial prescription. Persistence was defined as the proportion of patients continuing treatment for at least

6 months. Resource utilization and related costs were calculated over the 6- and 12-month periods after

treatment initiation.

Results:

Film and tablet groups included 2796 and 1510 patients enrolled over 9.76 and 13.76 months on average,

respectively, from initiation of treatment. Patient characteristics were similar between groups. Mean

prescribed doses were 14.62 and 14.26 mg/day in film and tablet groups. Among patients enrolled for

at least 6 months from the initial treatment, persistence rates were 63.78% with film vs 58.13% with tablet.

Time to treatment discontinuation was longer in the film group, with a hazard ratio of 0.818 (p¼ 0.0005,

95% CI¼ [0.730;0.916]) adjusted for baseline characteristics. Patients treated with film had significantly

more outpatient visits (þ4%, p¼ 0.0185) and lower probability to be hospitalized (�17%, p¼ 0.0158),

resulting in lower total healthcare costs over the 12-month period after initiation (�27%, p50.0001).

Conclusions:

Patients treated with the film formulation of buprenorphine/naloxone appeared to stay longer on treatment,

have a lower probability of hospital admission, and lower health care costs compared to patients treated with

the tablet. This study, based on insurance claims data, has the advantage of reflecting real-world practice,

but one cannot rule out the existence of bias due to differences in patient or prescriber profiles, despite

adjustments made for observed characteristics at treatment initiation.
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Background

Opioid drug dependence is a chronic relapsing brain
disorder characterized by tolerance, withdrawal, intense
craving, and an individual’s inability to stop using opi-
oids even when it is in his or her best interest to do so1.
It is a complex health condition that often requires
long-term treatment and care2. It includes dependence
on prescription pain medications, heroin, and other illi-
cit opioid agonists3,4. The economic burden associated
with untreated drug abuse and drug dependence is sub-
stantial; total charges associated with emergency depart-
ment and hospital inpatient care for opioid-related
events were estimated at $9.5 billion in 20085.
Existing medication-assisted treatments (MAT) for
opioid dependence in the US are buprenorphine/nalox-
one and methadone.

Buprenorphine is available in a monoformulation and
in combination with naloxone6. Buprenorphine is a par-
tial mu opioid agonist and naloxone is a full opioid
antagonist. Naloxone has negligible bioavailability at
the oral and sublingual routes, and was added to deter
diversion and abuse by injection and snorting7. When
taken parenterally, naloxone becomes 100% bioavail-
able, blocks the euphoric effects of opioids including
buprenorphine, and precipitates withdrawal8. The bupre-
norphine/naloxone combination was launched in the
US in 2002 in the form of sublingual tablets
(Suboxone Sublingual Tablets, no longer available)
and in 2010 in the form of sublingual film (Suboxone
Sublingual*). In 2013 generic forms of buprenorphine/
naloxone tablets were approved by the FDA.

The sublingual film formulation was intended to help
safeguard public health through reduction in accidental
pediatric exposure by using unit dose child-resistant
packaging, and to reduce diversion and abuse through
the use of serialization of packaging and a formulation
resistant to crushing and snorting. In contrast to the
tablet, the film has a muco-adhesive quality that is
expected to reduce chances of prematurely swallowing
the medication before the absorption has completed in
the sublingual compartment. In addition, the film
formulation was designed to dissolve faster, to improve
the taste, and to be easier to carry during travel. Those
changes are expected to be associated with better persist-
ence and compliance, although no real-world study has
shown this yet.

Improving persistence in treatment among patients
suffering from opioid-dependence is important to increase
the chance of recovery and limit the economic burden
of the disorder9. Weiss et al.10 found relapse rates
greater than 90% after limiting treatment to 4 and 12
weeks with MAT. Furthermore, Cornish et al.11

demonstrated that mortality risk is 9-times higher in the
first 3 months of stopping treatment, and that MAT has
an 85% chance of decreasing mortality among opiate
dependent patients if the treatment duration approaches
or exceeds 1 year. An economic model by Schackman
et al.12 suggested that continuing treatment with buprenor-
phine/naloxone beyond 6 months was cost-effective in
the US compared with no treatment at a threshold of
$100,000/QALY depending on assumptions about qual-
ity-of-life weights. However, many patients discontinue
treatment prematurely13.

Previous studies investigated the cost of treating
opioid dependence. MAT was demonstrated to be asso-
ciated with a reduction in the number of admissions for
overdose, rehabilitation, and inpatient care, opioid-
related or not, and a reduction of 29% of total health-
care costs compared to non-pharmacological treatment
despite additional pharmaceutical costs14. In addition,
healthcare costs associated in patients treated with
methadone were found to be significantly higher than
those in patients treated with buprenorphine (with or
without naloxone) over 6 months after the treatment
initiation15. The study presented here focussed on the
two formulations of buprenorphine and naloxone
combination.

The aim of this study, based on a private health
insurance claims database, was to compare persistence in
treatment, healthcare resource utilization, and total
healthcare costs between patients treated with the bupre-
norphine/naloxone sublingual film formulation and
patients treated with the buprenorphine/naloxone sublin-
gual tablet formulation.

Methods

Data source

A longitudinal retrospective cohort analysis was
conducted using the Invision DataMart database16,
which contains information on patients, pharmacy
claims, medical claims, and hospitalizations representing
more than 30 million covered managed care lives from
several of the largest commercial health insurance plans
in the US.

The data were obtained for �56 months before and 27
months after the launch of the film formulation of bupre-
norphine/naloxone (from January 1, 2006 to November
30, 2012). Data include diagnoses, coded using the
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM)17 for all inpatient and
outpatient claims. Dates of service and costs are available
for all patient claims.

*Reckitt Benckiser Pharmaceuticals, Inc., Package Insert, Richmond, VA.
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Inclusion and exclusion criteria

Patients having evidence of treatment with the buprenor-
phine/naloxone sublingual film (launched September 1,
2010) or tablet formulation between January 1, 2006 and
November 30, 2012, were identified. The first recorded
pharmacy dispensing claim for buprenorphine/naloxone
is termed the ‘index event’ for this analysis. As depicted
in Figures 1 and 2, the study utilized a look-back period of
365 days to establish whether there was no utilization of
buprenorphine/naloxone prior to the ‘index date’, and no
utilization of buprenorphine monotherapy between
365 days and 14 days before the ‘index date’. This was
done to ensure that patients who received buprenorphine
monotherapy during the induction phase were included.
Patients with at least 12 months of continuous enrolment
prior to ‘index date’ and at least one renewal of buprenor-
phine/naloxone prescription between 30 days and 75 days
after the index date (in order to exclude short term
users) were included in the analysis. If a patient had
more than one treatment episode matching the criteria
above during the observation period (i.e. two treatment
episodes with an interval of at least 12 months without
buprenorphine), only the first treatment episode was
taken into account. A sensitivity analysis without the
requirement for a prescription renewal between 30–75
days was also performed, for the comparison of persistence
between formulations.

Patients initiating buprenorphine/naloxone therapy
with the film formulation were compared to patients initi-
ating therapy with the tablet formulation after the launch
of the film (after September 2010). Comparisons between
the two groups were done over the same period to avoid
biases related to the evolution of clinical practice or of the
healthcare costs over time.

Definition of outcomes

The outcomes of interest were the time to discontinuation
of buprenorphine/naloxone, persistence rates, switch rates,
average daily doses, resource utilization, and healthcare
costs. Discontinuation was defined as a gap of at least

31 days without a claim for buprenorphine/naloxone or
buprenorphine following the date when the last package
claimed was expected to be consumed (determined accord-
ing to claim date and duration of prescription). Persistence
rates were defined as the proportions of patients who had
not discontinued treatment after 6 and 12 months.

Switch was defined as a change in formulation
(e.g. tablet to film, film to tablet, buprenorphine/naloxone
to buprenorphine monotherapy) with a gap not exceeding
30 days between depletion of the day’s supply for the
previous claim and the date of the following claim.
This is reported for two reasons: (1) because switching
from film to tablet would suggest that patients are

Invision DataMart Database

24,864 patients continuously enrolled at least 365 days
pre-index

16,643 patients with no utilization of
buprenorphine/naloxone during the 365 days

prior to the index date and without utilization of
buprenorphine alone between 365 and 14 days

before index date

11,124 patients with at least one renewal of
buprenorphine/naloxone prescription between

30 days and 75 days after index date

39,538 patients with diagnosed ICD-9-CM Diagnosis Code
304.0 between January 1st, 2006 and November 30th, 2012

4,306 patients initiating
buprenorphine/naloxone therapy after

September 2010

Figure 2. Population identification: patients in the database.

At least 12 months of
history without BUP/NAL

At least one prescription renewal
between 30 and 75 days

BUP/NAL or BUP
monotherapy prescriptions

Index date : first
BUP/NAL

prescription

No BUP between the 365 days and
the 14 before index date 

Figure 1. Cohort selection. BUP/NAL, buprenorphine/naloxone.
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dissatisfied with the film; and (2) because high switch
rates would affect the interpretation of any difference
in other outcomes between groups defined according to
initially prescribed formulation. A switch to a different
formulation was not considered as a case of
discontinuation.

Average daily doses were calculated as the quantity
of product prescribed (number of films or tablets) multi-
plied by the strength of the product and divided by the
number of days for which buprenorphine/naloxone was
prescribed.

The costs available in the database were estimations
from the perspective of insurance plans based on different
methods for all major types of healthcare services that
account for the quantity of services provided, the relative
resource costs involved in providing the service, and the
nature of the service.

Inpatient facility costs were based on an estimated per
diem cost using aggregated diagnostic and service category,
the presence or not of major surgery, length of stay, and
single or same day stays were treated differently than stays
of 2 or more days. The costs of facility outpatients were
estimated as a percent of the submitted charges.
Professional service pricing was standardized at �130%
overall of Medicare Fee for Service18 for common services.
Standard pricing for drugs and pharmacy services was
based on pricing from First Databank19, adjusted by
therapeutic category and generic indicator to allow for
the typical difference between First Databank pricing
and the allowed amounts observed in the pharmacy
claims data. In this way, relative pricing within a
therapeutic category and generic indicator was determined
by First Databank information, while general pricing levels
by therapeutic category and generic indicator were
determined by observed payments. To create a

standardized cost, the resulting average payment
schedule was applied to each pharmacy service—based
on the NDC code listed and the metric quantity for the
prescription.

Total healthcare costs were calculated over periods of
12 months before index date, 6 months after index date,
and 12 months after index date, including all pharmacy,
inpatient, and outpatient claims. The analysis of health-
care costs was based on complete cases. For example,
patients who were followed for less than 12 months from
index date were excluded for the analysis of healthcare
costs over 12 months. In addition, the observation
period was partitioned in treatment phases: before
treatment (up to 2 weeks before initiation of treatment
with buprenorphine/naloxone), treatment initiation
(from 2 weeks before to 2 weeks after index date), on treat-
ment (from 2 weeks after index date to 2 weeks
before discontinuation), treatment discontinuation (from
2 weeks before to 2 weeks after date of discontinuation),
after treatment (from 2 weeks after discontinuation to
2 weeks before re-initiation), and treatment re-initiation
(from 2 weeks before to 2 weeks after date of treatment
re-initiation). Average monthly costs were calculated
within each period. Periods shorter than 28 days were
not considered.

Statistical analyses

The time to discontinuation was analyzed using the
Kaplan Meier method, and a Cox model was used to esti-
mate the hazard ratio associated with each buprenorphine/
naloxone formulation, adjusting for patient characteristics
at baseline and daily dose entered as a time-dependent
variable.

Figure 3. Kaplan Meier Curve: Time to discontinuation. BUP/NAL, buprenorphine/naloxone.
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The numbers of pharmacy claims and outpatient visits
during the 12-month periods before and after treatment
initiation were analyzed using Poisson regression with
adjustment for patient characteristics. To determine
whether there was a significant effect of treatment formu-
lation on resource utilization, we also controlled resource
utilization before treatment initiation to analyze resource
utilization in the period after index date. Similarly, the
probability to have at least one hospitalization and the
probability to have at least one emergency room (ER)
visit was analyzed using a logistic regression. Generalized
linear models were used to estimate the effect of treatment
formulation on costs by resource category, controlling
for patient characteristics and costs before treatment
initiation (for the analysis of costs after treatment
initiation). For emergency room visits and hospitalization,
adjusted average costs per admission were estimated
and then multiplied by the probability to have at
least one. Repeated-measures generalized linear models
with a normal distribution and a log-link function were

used to analyze the impact of treatment formulation
on total monthly costs within each treatment
phase, adjusting on confounding factors. The choice
of the distribution was based on quality of fit, as
assessed by the Root Mean Square Error (RMSE) criterion.

Potential confounding factors considered for adjust-
ments in regression analyses were gender, age, type
of health insurance plan, presence of diagnosis of mental
disorder in the 12 months before index date, comorbidities
(as listed in Table 1), daily dose at index date, and
healthcare costs or resource utilization over 12 months
before index date when the analyzed period is after
treatment initiation. All statistical tests were two-sided
and set at the 5% level of significance. The chi-square
independence test or Fischer’s exact test were used to
test for associations between categorical variables at
index date and treatment group and the Student’s t-test
was applied for an association between a continuous
variable and treatment group. All statistics were computed
using SAS 9.320.

Table 1. ICD9-CM codes used for comorbidities.

Diagnosis Code ICD-9-CM

Candiasis ‘112’ [Candiasis]
Chlamydia and gonococcus infections ‘098’ [Gonococcal infections]

‘099’ [Other venereal diseases]
Drugs abuse and dependence ‘V58.6’ [Long-term (current) drug use]

‘292’ [Drug psychoses]
‘305’ [Nondependent abuse of drugs]
‘303’ [Alcohol dependence syndrome]
‘304’ [Drug dependence]
‘96X’ and ‘97X’ [Poisoning by drugs, medicinal, and biological substances]

Drug and pregnancy ‘648.3’ [Drug dependence complicating pregnancy, childbirth, or the puerperium]
‘648.4’ [Mental disorders complicating pregnancy, childbirth, or the puerperium]
‘634’ [Spontaneous abortion]
‘764’ [Slow fetal growth and fetal malnutrition]
‘765’ [Disorders relating to short gestation and unspecified low birth weight]

Endocarditis ‘421.0’ [Acute and sub-acute bacterial endocarditis]
‘421.9’ [Acute endocarditis, unspecified]

HIV ‘042’ [Human immunodeficiency virus infection with specified conditions]
Hepatitis ‘070’ [Viral hepatitis]
Mental disorder (except drug use) ‘29X’, ‘30X’, and ‘31X’ [Mental disorders] and not ‘303’, ‘304’, ‘305’ [Psychoactive substance]
Acute pain ‘338.1’ [Acute pain]
Chronic pain ‘338.2’ [Chronic pain]
Phlebitis and thrombophlebitis ‘451’ [Phlebitis and thrombophlebitis]
Septicemia ‘038’ [Septicemia]
Soft tissues infections ‘683’ [Lymphadenitis, acute]

‘682’ [Other cellulitis and abscess]
‘680’ [Carbuncle and furuncle

Syphilis ‘09X’ [Syphilis and other venereal diseases]
Tetanus ‘037’ [Tetanus]
Tuberculosis ‘010’ [Primary tuberculous infection]

‘011’ [Pulmonary tuberculosis]
‘012’ [Other respiratory tuberculosis]
‘013’ [Tuberculosis of meninges and central nervous system]
‘014’ [Tuberculosis of intestines, peritoneum, and mesenteric glands]
‘015’ [Tuberculosis of bones and joints]
‘016’ [Tuberculosis of genitourinary system]
‘017’ [Tuberculosis of other organs]
‘018’ [Miliary tuberculosis]

ICD-9-CM, The International Classification of Diseases, Ninth Revision, Clinical Modification.
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Results

A total of 4306 subjects were included in the analysis, of
which 2796 (64.93%) patients initiated buprenorphine/
naloxone therapy with film formulation and 1510
(35.07%) patients initiated buprenorphine/naloxone
therapy with tablet formulation after September 2010.
The proportion of short-term users was very similar:
33.97% in the film group vs 33.37% in the tablet group
(p¼ 0.49). The patients were followed on average for
9.76 and 13.76 months, respectively. The average duration
of follow-up was lower in the film group because the uptake
of the film was relatively low in the first months of
the study period. The profiles of these patients are shown
in Table 2.

Patient characteristics

The proportion of females (35.40%) was comparable
between the two treatment groups. Patients were slightly
younger in the film group (34.34 vs 35.65 years) and the
distribution by geographical area was slightly different
between groups (patients on film more likely to live in
the South). The distribution of patients by the type of
health insurance plan was comparable between groups.
The majority of the patients had a point of service insur-
ance plan (74.18%).

The proportion of patients with a diagnosis of comor-
bidities in the 12 months before index date is also
described in Table 2. Drug abuse or dependence was
reported in a majority of patients (76.47%), with

Table 2. Patient characteristics at index date, by formulation.

Characteristic BUP/NAL p-value

Tablet Film

Gender
Female 563 (37.28%) 961 (34.38%) 0.06
Male 947 (62.72%) 1834 (65.62%)

Age
Mean (SD) 35.65 (12.32) 34.34 (11.83) 0.001
95% CI 35.03; 36.27 33.90; 34.77

Region
West 211 (14.00%) 416 (14.89%) 0.01
Midwest 310 (20.57%) 558 (19.97%)
South 757 (50.23%) 1489 (53.29%)
Northeast 229 (15.20%) 331 (11.85%)

Insurance plan product
EPO 234 (15.50%) 397 (14.20%) 0.12
HMO 110 (7.28%) 230 (8.23%)
Indemnity 1 (0.07%) 8 (0.29%)
Point of service 1110 (73.51%) 2084 (74.54%)
PPO 54 (3.58%) 77 (2.75%)

Follow-up duration
Mean (SD) 412.81 (236.22) 292.70 (185.93) 50.0001
95% CI 400.88; 424.73 285.81; 299.60
Min–Max 24.00–851.00 30.00; 826.00

Daily dose at index date (mg)
0–8 500 (33.11%) 779 (27.86%) 50.0001
8–12 114 (7.55%) 194 (6.94%)
12–16 560 (37.09%) 1175 (42.02%)
16þ 336 (22.25%) 648 (23.18%)

Comorbidities 12 months before index date
Drugs abuse 1134 (75.10%) 2159 (77.22%) 0.12
Hepatitis 46 (3.05%) 75 (2.68%) 0.49
Mental disorder (except drug use) 1010 (66.89%) 1728 (61.80%) 0.001
Acute pain 98 (6.49%) 151 (5.40%) 0.14
Chronic pain 208 (13.77%) 332 (11.87%) 0.07
Soft tissues infections 128 (8.48%) 219 (7.83%) 0.46

�1 diagnosis of opioid dependence or abuse in the 12 months before index date 800 (52.98%) 1587 (56.76%) 0.02
�1 opioid prescription 1044 (69.14%) 1856 (66.38%) 0.07
�1 chronic pain diagnosis 208 (13.77%) 332 (11.87%) 0.07
�1 opioid prescription or one chronic pain diagnosis 1056 (69.93%) 1866 (66.74%) 0.03
�1 acute pain diagnosis 98 (6.49%) 151 (5.40%) 0.14
% copayment of the index date prescription

Mean (SD) 15.61 (13.50) 15.19 (12.15) 0.59
95% CI 14.93; 16.29 14.74; 15.64

BUP/NAL, buprenorphine/naloxone; EPO, Exclusive Provider Organization; HMO, Health Maintenance Organization; PPO, Preferred Provider Organization;
SD, Standard Deviation; CI, Confidence Interval.
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comparable proportions between the two treatment
groups. The second most frequently observed diagnosis
was mental disorder (except drug use), with a lower
proportion among patients treated with film compared to
tablet (61.80% vs 66.89%; p¼ 0.001). In addition, soft
tissues infections were reported in 8.06% of patients,
with comparable percentages between groups.

Previous prescriptions for opioid-based
medications and pain diagnoses

Presence of opioid prescription and pain diagnosis are
reported in Table 2. Most of the patients had at least one
opioid prescription during the year before index date:
66.38% of the patients treated by film and 69.14% of
the patients treated by tablet. A diagnosis of chronic
pain was found in 12.54% of patients over the
12 months before index date, and a diagnosis of acute
pain in 5.78% of patients, without significant difference
between groups.

Treatment characteristics

Co-payments and daily doses for the index date prescrip-
tions are displayed in Table 2. The percentage of
co-payment for index claim was not statistically different
between the two groups, with an average of 15.61% in the
tablet group and 15.19% in the film group.

The patients initially receiving the tablet formulation
had a slightly lower dose for their first prescription than
patients who initiated with the film formulation.
Furthermore, 27.86% of the patients treated with film
received a daily dose of up to 8 mg per day vs 33.11% for
patients treated with tablet; and 65.20% received a dose of
12 mg or more per day with film vs 59.34% with tablet
(p50.0001). The difference in daily dose decreased over
time. After 5 months, the trend was reversed: the average
daily dose with film was lower than the average daily dose
with tablet.

Persistence, discontinuation, and switch

There were 1134 cases of discontinuation with film formu-
lation and 821 with tablet formulation. Persistence at
6 months was significantly higher for the film group than
for the tablet group (63.78% vs 58.13%; p¼ 0.002). Based
on Kaplan-Meier analysis shown in Figure 3, the estimated
probability of discontinuing treatment before 12 months
was 52.86% for patients treated with film, compared to
�58.66% for patients treated with tablet. In the tablet
group, 251 (16.62%) patients switched to film. Of the
patients on film, 102 (3.65%) switched to tablet.

After adjustment on age, gender, region, health plan
category, co-payment proportion, and dose, the time to

treatment discontinuation was significantly longer in the
film group, as shown by a hazard ratio of 0.818
(p¼ 0.0005). Other variables with a significant effect on
the time to discontinuation were age and the daily dose in
the previous month. In the sensitivity analysis, including
all patients with or without buprenorphine/naloxone
renewal prescription between 30–75 days after initial
prescription, the hazard ratio was estimated at 0.819
(p50.0001).

Resource use and healthcare costs

The healthcare costs and resource utilization are described
by formulation group in Table 3. Adjusted mean numbers
of pharmacy claims were not significantly different
between the film and tablet formulations during both
periods of 12 months before and after treatment initiation.
The probabilities of having at least one inpatient claim
were lower in the film group than in the tablet group
before treatment initiation and after treatment initiation,
controlling for the presence of inpatient claim before
treatment initiation. The probability to have at least one
ER visit was similar in the two groups before and after
treatment initiation. After adjustment on patient
characteristics, the average number of outpatient visits
was similar before treatment initiation. The number of
outpatient visits was found to be 4% higher over
12 months following treatment initiation for patients in
the film group (p¼ 0.0185), controlling for patient
characteristics (age, gender, presence of diagnosis of
mental disorder during the 12 months before index date,
presence of diagnosis of chronic pain during the 12 months
before index date, type of health insurance plan, out-
patient visits over the 12 months before index date, and
daily dose at index date).

For each category of resources, the adjusted average
costs were lower in the film group than in the tablet
group, during the periods of 12 months before index date
and after index date, controlling for costs before index
date. The generalized linear model on the total healthcare
costs is presented in Table 4. The effect of the treatment
formulation on total healthcare costs over both 6 and
12 months after index date was statistically significant.
Adjusted total healthcare costs were lower in the film
group by $2860 (p¼ 0.0008) over 12 months before
index date, and by $5422 (p50.0001) over 12 months
after index date. Being treated with film rather than
with tablet was associated with a reduction in total health-
care costs by 24% (95% CI¼ 16–32%) over 6 months and
27% (95% CI¼ 16–37%) over 12 months, after adjust-
ment on baseline characteristics including costs before
treatment initiation.

Table 5 presents the results of the regression analysis on
monthly costs by treatment phase. The model estimated
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Table 3. Adjusted healthcare costs and resource utilization in the 12 months before and after index date.

12 months before index date 12 months after index date

Resource utilization BUP/NAL tablet
(n¼ 1503)

BUP/NAL film
(n¼ 2779)

p-value BUP/NAL tablet
(n¼ 775)

BUP/NAL film
(n¼ 857)

p-value

Pharmacy claims
Mean 28.32 26.76 0.0893 33.61 32.71 0.2624
CI [24.37;32.90] [23.16;30.92] [27.65;40.85] [26.95;39.70]

Probability to have at least one hospitalization
Mean 0.34 0.3 0.004 0.23 0.19 0.0158
CI [0.30;0.39] [0.26;0.35] [0.20;0.25] [0.17;0.22]

Probability to have at least one ER visit
Mean 0.14 0.12 0.1306 0.11 0.1 0.3852
CI [0.12;0.15] [0.11;0.13] [0.09;0.13] [0.08;0.12]

Outpatient visits
Mean 8.74 8.93 0.2074 9.51 9.88 0.0185
CI [7.96;9.61] [8.14;9.80] [8.60;10.52] [8.95;10.92]

Costs
Pharmacy

Mean 2,546 2,008 50.0001 4,467 4,028 0.0039
CI [1,988;3,260] [1,582;2,549] [2,886;6,963] [2,586;6,275]

Hospitalization
Mean 9,987 7,534 0.0049þ 8,198 5,371 0.0806þ

CI [7,105;14,038] [4,562;10,392] 0.0040þþ [5,550;12,111] [3,499;8,245] 0.0158þþ

ER visit
Mean 91 66 0.0842þ 79 57 0.3917þ

CI [63;130] [48;91] 0.1306þþ [42;145] [28;112] 0.3852þþ

Outpatient
Mean 7,066* 6,478* 0.0485 6,668* 5,507* 0.0104
CI [5,799;8,612] [5,346;7,849] [2,685;16,558] [2,217;13,676]

Total healthcare costs
Mean 20,632 17,772 0.0008 19,853 14,431 50.0001
CI [16,895;25,195] [14,644;21,569] [4,515;87,291] [3,277;63,532]

BUP/NAL, buprenorphine/naloxone; CI, Confidence interval.
*Costs associated with all the outpatient claims (not only visits).
þfrom generalized linear model on; þþ from logistic model.

Table 4. Generalized linear models* on total healthcare costs in the 6 and 12 months post-index periods.

Parameter Category
6 months after index date

(tablet: 1165 patients; Film: 1751 patients)
12 months after index date

(tablet: 775 patients; Film: 857 patients)

Cost ratio Confidence interval p-value Cost ratio Confidence interval p-value

Intercept** 8912 6103 13,016 50.0001 16,897 10,573 27,000 50.0001
ITT at index date

[REF: BUP/NAL tablet]
BUP/NAL film 0.76 0.68 0.84 50.0001 0.73 0.63 0.84 50.0001

Diagnosis of Mental disorder
12 m prior index date

1.08 0.93 1.25 0.308 1.21 1.00 1.47 0.0524

Gender [REF: Male] Female 1.02 0.91 1.14 0.7709 1.01 0.88 1.15 0.9295
Health insurance plan

[REF: PPO/Other]
EPO 0.83 0.62 1.11 0.2071 0.74 0.50 1.09 0.1307

HMO 0.83 0.60 1.16 0.2755 0.80 0.52 1.24 0.3254
IND 1.72 0.85 3.51 0.1324 0.58 0.00 927.32 0.8845
POS 0.95 0.73 1.22 0.6721 1.01 0.73 1.40 0.9633

Age [REF: 18 years] 0.99 0.99 1.00 0.0001 0.99 0.98 0.99 0.0002
Total costs 12 months prior

to index date
2nd quartile 1.59 1.17 2.17 0.0028 1.23 0.84 1.81 0.2808

[REF: 1st quartile] 3rd quartile 2.19 1.63 2.93 50.0001 1.99 1.40 2.81 0.0001
4th quartile 3.60 2.72 4.76 50.0001 3.31 2.38 4.61 50.0001

Daily dose at index date 0.99 0.98 1.00 0.0453 0.99 0.99 1.00 0.2176

BUP/NAL, buprenorphine/naloxone; PPO, Preferred Provider Organization; EPO, Exclusive Provider Organization; HMO, Health Maintenance Organization;
IND, Indemnity plan; POS, Point of Service; IIT, Intent to treat.
*Generalized linear model with log link function and Gaussian distribution.
**Represents mean cost for reference patient (tablet, with diagnosis of mental disorder before index date, male, with PPO/other insurance plan, aged 18 years,
total charge before index date in 1st quartile).
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the ratio of monthly costs for each treatment phase for the
two groups, relative to the monthly total healthcare costs
during the period before treatment in patients initiating
treatment with the tablet formulation. The monthly costs
for the reference patient (i.e., fictitious patient in tablet
group, male, aged 18 years, living in the Northeast region,
with preferred provider organization plan, and no diagnosis
of mental disorder before treatment initiation) were $979.
Healthcare costs were highest in the month around
initiation of buprenorphine/naloxone, in the two groups.
In addition, monthly costs during treatment were signifi-
cantly lower than during the discontinuation (p50.0001)
and the re-initiation phases (p¼ 0.0.279), in the film
group.

Discussion

This study provides evidence on persistence in treatment,
resource utilization, and healthcare costs based on a large
sample of 4306 privately insured patients treated
with buprenorphine/naloxone. The two groups of patients
treated with the film or tablet formulation appeared to
have comparable socio-demographic characteristics and
comorbidities at treatment initiation. The film formula-
tion was found to be associated with significantly longer
persistence in treatment. The discontinuation hazard was
reduced by 18% among patients who received the film
formulation, after adjustment on observed patient
characteristics at baseline (p¼ 0.0005). In addition, the

film formulation was found to be associated with a reduc-
tion in total healthcare costs over 6 and 12 months from
treatment initiation, by 24% and 27% (p50.0001;
p50.0001) respectively. Patients receiving the film formu-
lation had a slightly higher number of outpatient visits, but
a lower probability to have one hospitalization or more.
Estimated monthly healthcare costs were lower during the
period in treatment, compared to discontinuation and re-
initiation period when treated with the film. Also, the
improvement in persistence is likely to be a factor contri-
buting to the reduction in healthcare costs among patients
receiving the film formulation.

In a previous study based on administrative claims,
the mean persistence with buprenorphine/naloxone was
estimated to be 3.5 months and the median length of ther-
apy was 1 month. The definition of discontinuation was
the same, i.e. absence of refill for at least 30 days following
depletion of the day’s supply for a buprenorphine/naloxone
claim. The reason for the substantially higher persistence
in this study lies in the selection of patients, as patients
without a second prescription of buprenorphine/naloxone
were excluded in order to focus on patients who entered
the treatment maintenance phase.

Using another administrative claims database, Baser
et al.14 estimated total healthcare costs among patients
treated with buprenorphine (with or without naloxone)
in 2005 at $10,710 over 6 months after index date.
Previously, a study based on Veterans Health
Administration data estimated healthcare costs over
6 months after initiation of buprenorphine at $11,59720.

Table 5. Generalized linear model* on total monthly costs, by treatment phase.

Parameter Category Cost ratio Confidence interval p-value

Intercept 979.46** 743.52 1290.26 50.0001
Treatment phase [REF: Tablet - Before treatment] Tablet - Initiation 2.47 2.16 2.82 50.0001

Tablet - Treatment 1.06 0.92 1.22 0.4212
Tablet - Discontinuation 1.51 1.18 1.93 0.001
Tablet - After treatment 1.16 0.92 1.48 0.2131
Tablet - Re-initiation 1.28 1.00 1.64 0.0515
Film - Before treatment 0.80 0.69 0.93 0.0034
Film - Initiation 1.69 1.46 1.97 50.0001
Film - Treatment 0.84 0.72 0.97 0.02
Film - Discontinuation 1.30 1.02 1.67 0.0338
Film - After treatment 0.95 0.77 1.17 0.6189
Film - Re-initiation 1.24 0.86 1.79 0.2519

Gender [REF: Male] Female 1.10 0.99 1.23 0.0866
Age [REF: 18years] 1.00 0.99 1.00 0.7803
Geographical area [REF: Northeast] West 0.94 0.77 1.16 0.5806

Midwest 1.23 1.02 1.48 0.0293
South 1.00 0.83 1.19 0.9799

Health insurance plan [REF: PPOþ INDþ HMO] EPO 1.03 0.86 1.24 0.7501
POS 1.06 0.91 1.24 0.4253

Diagnosis of Mental disorder 12 m prior index date 2.00 1.75 2.28 50.0001

BUP/NAL, buprenorphine/naloxone; PPO, Preferred Provider Organization; EPO, Exclusive Provider Organization; HMO, Health Maintenance Organization;
IND, Indemnity plan; POS, Point Of Service.
*Repeated measures generalized linear model with log link function and Gaussian distribution.
**Represents mean cost ($) for reference patient-month (tablet group, before treatment, male, aged 18 years, living in Northeast region, with PPO/other insurance
plan, diagnosis of mental disorder before index date).
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Average adjusted total healthcare costs over 6 months
after index date were estimated to be $10,405 for the
film group and $13,751 for the tablet group, and are,
thus, comparable to previous estimates.

Limitations

Some advantages of working with data from insurance
databases are that they provide access to large numbers
of patients and represent treatment length and economic
burden in real practice. However, there are also several
limitations associated with the use of such databases.
One of these limitations was that, while access to phar-
macy claims was available, information was not available
on whether medications were taken as instructed. In a
previous study reporting persistence on buprenorphine
treatment, Strain et al.21 defined discontinuation as
1 day without treatment. This level of precision is not
possible in analyses using claims data.

In addition, the reporting of ICD-9 codes associated
with claims is incomplete in the databases, as physicians
may only report the top few codes that would be
associated with reimbursement. This has likely led to an
under-estimation of the prevalence of comorbidities.
However, the extent of under-reporting should be
similar in both groups, and estimated prevalences of
comorbidities were generally comparable between
groups, so this is unlikely to result in significant bias in
the comparison between patients receiving the film and
tablet formulations.

As mentioned above, the costs available were not real
costs but estimations using standard pricing algorithms
applied to the claims data. These algorithms were designed
to create standard prices that reflect allowed payments
across all provider services. In this way, comparisons
across patients, data sources, and geographic areas can be
made in a consistent manner—as if the data were derived
from a single source using a single approach for classifying
and pricing services.

There were some significant differences between groups
at baseline, although most characteristics were similar.
The total healthcare costs at baseline were lower for
patients in the film group than for patients in the tablet
group. Regression analysis was used to adjust estimates of
the effect of treatment formulation on persistence and
healthcare costs for differences existing at baseline.
However, the possibility of residual bias due to unobserved
confounding factors cannot be ruled out. One important
variable to consider is the cause of dependence. Treatment
outcomes are expected to differ between patients who
became addicted following use of opioids in a medical
context and patients who consume opioid-based medica-
tions or heroin for recreational purpose. Variables such as
the presence of a chronic pain diagnosis, pharmacy claims

for opioid-based medication or diagnoses of mental dis-
order were used as adjustment factors because they were
thought to be related to the cause of dependence. There
was, however, no way to identify the cause of dependence
on the opioids with any certainty. It was impossible to
determine whether claims for opioid-based medications
before the index date were related to recreational use or
medical use.

In order to determine whether the difference in persist-
ence between the film and tablet treated groups could be
due to unobserved differences in patient or physician
profiles, another type of comparison reported elsewhere
was performed22. This other analysis compared patients
treated with the film to patients who received the tablet
formulation prior to the approval of the film formulation in
September 2010. Different types of bias are possible in a
before-and-after comparison, as clinical practices may
evolve over time. However, patient and physician profiles
should be more similar between the film and tablet groups.
The hazard ratio for discontinuation between film and
tablet was then estimated at 0.81, i.e., with the actual
hazard ratio result at 0.82, which suggests that the
estimated improvement in persistence is robust.

Conclusion

Patients treated with the film formulation of buprenor-
phine/naloxone appeared to stay longer on treatment,
have lower probability to be hospitalized, and lower
healthcare costs compared to patients who received the
tablet formulation. As a retrospective study, it cannot be
ascertained whether there is a causal relationship between
treatment formulation and the studied outcomes; however,
the relationship between formulation and persistence was
analyzed in multiple ways, and the results were consistent
with the hypothesis that the film formulation led to an
improved persistence in treatment. In addition, healthcare
costs were found to be higher after treatment discontinu-
ation than during treatment, likely due to the additional
expenses related to relapse and the re-initiation of treat-
ment, which contributed to higher total costs with tablet
formulation treatment.
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