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Abstract

Objective:

To evaluate costs and outcomes associated with initial tapentadol ER vs oxycodone CR for the treatment of

chronic non-cancer pain (CNCP) in the US.

Methods:

This study developed a Monte-Carlo simulation based on the scientific foundation established by published

models of long-acting opioids (LAO) in patients having moderate-to-severe CNCP. It estimates costs and

outcomes associated with the use of tapentadol ER vs oxycodone CR over a 1-year period from the

perspective of a US payer. LAO effectiveness and treatment-emergent adverse event (TEAE) rates are

derived from clinical trials of tapentadol ER vs oxycodone CR; other inputs are based on published

literature supplemented sparingly with clinical opinion. Sensitivity analyses consider the impact of real-

world dosing patterns for LAO on treatment costs.

Results:

Initial tapentadol ER consistently demonstrates better outcomes than initial oxycodone CR (proportion of

patients achieving adequate pain relief and no GI TEAE; acute TEAE-free days; days free of chronic

constipation; quality-adjusted life days; productive working hours). While total costs with initial

tapentadol ER are slightly (2.2%) higher than with initial oxycodone CR, nearly twice as many modeled

patients in the initial tapentadol ER arm (29% vs 15%) achieve adequate pain relief and no GI TEAE

compared to initial oxycodone CR. In sensitivity analyses, tapentadol ER becomes a dominant strategy

when real-world dosing patterns are considered.

Conclusion:

The additional costs to produce better outcomes (pain relief and no GI TEAE) associated with tapentadol ER

are small in the context of double the likelihood of a patient response with tapentadol ER. When daily average

consumption (DACON) for oxycodone CR is factored into the analysis, initial tapentadol ER becomes a

dominant strategy. Our findings are both strengthened, and limited by the use of randomized trial-centric

input parameters. These results should be validated as inputs from clinical practice settings become

available.

Introduction

Chronic non-cancer pain (CNCP) is pain that persists beyond the expected
period of normal healing, is maladaptive, and provides no protective function.
It is a major problem in modern society1. Chronic pain often causes substantial
psychological distress as well as interference with daily activities1–4.

Long-acting opioid (LAO) therapy can be an effective therapy for carefully
selected and monitored patients with CNCP5. Effective analgesia of LAO in
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such patients has been demonstrated in clinical studies of
oxycodone6,7. Further, published guidelines have endorsed
the use of opioids with appropriate patients to treat these
conditions when other clinical management strategies do
not provide sufficient relief1,8.

The process of titrating opioid therapy requires finding
a balance between pain relief and treatment-emergent
adverse effects (TEAE). Even after initiation of opioid
treatment has been successful—that is, finding a treatment
that achieves analgesia without unacceptable side-
effects—subsequent change in the opioid regimen may
be required, driven by events such as TEAE. Thus, differ-
ences in adverse event rates between LAO agents may give
rise to differences in the tolerability of and, in turn, patient
persistence with the prescribed treatment.

Tapentadol ER (tapentadol extended release tablet) is a
novel, centrally-acting analgesic combining m-opioid
receptor agonism and norepinephrine reuptake inhibition
in a single molecule. Randomized clinical trials (RCT)
have shown consistently that tapentadol ER effectively
reduces moderate-to-severe pain with superior tolerability
compared to oxycodone CR (oxycodone controlled
release) at equianalgesic doses9–11.

This study uses a decision model framework to evaluate
the outcomes (pain relief, tolerability, persistence with
therapy) and costs (direct and indirect) associated with
the use of tapentadol ER compared with oxycodone CR
for the treatment of CNCP in the US.

Methods

We constructed a Monte Carlo simulation using Microsoft
Excel� 2007 software to assess the relative costs and out-
comes associated with tapentadol ER compared to oxyco-
done CR in opioid-naı̈ve and opioid-experienced patients
with moderate-to-severe CNCP (specifically, patients
with chronic pain due to osteoarthritis or low back mala-
dies) who are appropriate candidates for LAO therapy.
The analysis begins with LAO initiation and continues
through titration and long-term use. It considers adequacy
of pain relief, TEAE, opioid switching, stable LAO
use over a 1-year time horizon and, if warranted,

opioid failure (Figure 1). The model builds on foundations
established by earlier models of LAO use in CNCP12–15.
For instance, much like Neighbors et al.14, we represent
LAO-related adverse events in a stepwise, sequential
manner, and we assume that patients repeat the titration
phase in the event of a switch in opioid therapy. We also
embrace the concept put forward by Ward et al.15 that the
situation of prescribing opioids to manage chronic pain is
best served by a modeling structure that avoids the restric-
tive assumptions of Markov models.

Figure 2 describes patients’ movement through the
system in greater detail. The model assumes that each
patient begins LAO therapy (tapentadol ER or oxycodone
CR) and then follows up in clinic visits. At each visit, the
clinician enquires about the patient’s level of pain relief
and experience of TEAE. The duration of each phase in
the model depends on individual patients’ simulated expe-
rience, as described below.

Opioid initiation

All modeled patients are assumed to initiate therapy with
either tapentadol ER or oxycodone CR. Dosing schedules
are drawn from RCTs9–11 and consist of a starting dose that
adjusts upward to a minimum therapeutic dose over a fixed
period of 7 days. Thus, the model assumes that total daily
initial dosing (bid regimen) is tapentadol ER 100 mg/day
(oxycodone CR 20 mg/day) for the first 3 days, increasing
to tapentadol ER 200 mg/day (oxycodone CR 40 mg/
day)—the minimum therapeutic dose—for the next
4 days. This dosing schedule is consistent with clinical
guidelines which recommend beginning a trial of opioid
therapy with a low dosage and increasing the dosage grad-
ually until an optimal opioid dose is attained1,5.

Titration

The duration of LAO therapy in the model depends on
each patient’s simulated experience with pain relief and
TEAE. During titration each patient’s opioid dose is indi-
vidualized in order to achieve an acceptable bal-
ance between pain relief and opioid-related adverse
effects1,5.

Figure 1. Overview of the model structure.
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The goal of titration in the model is to establish a stable
opioid dose, achieving pain control with no unacceptable
opioid-related TEAE. After a patient completes the initial
7-day regimen of tapentadol ER or oxycodone CR (opioid
initiation), the model assumes that there will be 3 days
(minimum) between any further dose titrations, and that
any dosage adjustments will be made in increments of
tapentadol ER 100 mg/day or oxycodone CR 20 mg/day.
Maximum allowable doses in the model are tapentadol
ER 500 mg/day or oxycodone CR 100 mg/day, again corre-
sponding to tapentadol ER vs oxycodone CR clinical trial
protocols9–11.

During titration, patients’ experience of LAO efficacy
(pain relief) as well as the most common TEAE (consti-
pation; nausea/vomiting; dizziness; somnolence; pruri-
tus)16 are considered simultaneously. If all other options
have been exhausted, the model allows for patients to fail
opioid therapy. Running the model produces a dataset con-
taining 365 days of simulated experience for each patient
in each of the modeled scenarios. Aggregating these data
produces modeled outputs.

Efficacy

Baseline efficacy is modeled with reference to pooled
Kaplan-Meier analyses of time-to-adequate-pain-relief
(responders) from tapentadol ER vs oxycodone CR trials,

where adequate pain relief is defined as a 30% or greater
reduction in pain9–11. For example, by day 10 of the trial,
about one-quarter of patients had achieved a 30% or
greater reduction in pain; thus, the model assumes that
the likelihood of adequate pain relief for any given patient
on day 10 is 25%. Head-to-head clinical trial data showed
no statistical difference in efficacy between the two LAO;
thus, the model assumes equivalent efficacy for tapentadol
ER and oxycodone CR9–11.

Treatment-emergent adverse events

In the model, patients are at risk of experiencing TEAE for
15 weeks after beginning opioid therapy; i.e., a patient may
experience TEAE even after a (temporarily) stable opioid
dose has been achieved. TEAE (constipation; nausea/
vomiting; dizziness; somnolence; pruritus) incidence rates
are derived from Kaplan-Meier analyses of time-to-first-
event from tapentadol ER vs oxycodone CR trials9–11.
Thus, due to data limitations, the model assumes that
TEAE are drug-specific but not dose-specific, and that
patients will experience a maximum of one treatment-
emergent episode of each event per LAO agent.

Acute TEAE (nausea/vomiting, somnolence, dizziness,
pruritus) are modeled as time-limited occurrences for
which only a proportion of affected patients will seek med-
ical contact (Table 1). In contrast, constipation is modeled

Figure 2. Opioid initiation and titration: detail.
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as an acute occurrence (initial event) that has chronic
management implications; thus, patients experiencing a
constipation adverse event who are treated acutely are
assumed to remain on treatment (stool softener; laxative)
for the duration of therapy with the LAO agent.

The model does not make an explicit distinction
between mild, moderate, and severe TEAE. However,
the model implicitly acknowledges TEAE severity (and
the degree to which patients are bothered by the TEAE)
by assuming that patients may, or may not seek medical
attention due to TEAE according to rates documented in
published literature17. The model assumes further that
medical contact is necessary for a patient’s experience of
TEAE to impact therapy (e.g., prescription treatment for
TEAE; change in LAO therapy). Any prescribed interven-
tions for TEAE are assumed by the model to be effective.
Only the direct costs of healthcare services due to TEAE
are considered. The model does not address adverse
impacts of TEAE treatment. These assumptions apply
equally in both modeled arms.

Clinical assessment schedule

The model assumes patients will receive routine clinical
re-assessment to evaluate adequacy of pain relief and
TEAE at 14-day intervals until an optimal (stable)
opioid dose is found. Once an optimal dose is found,
patients are assumed to be reassessed clinically at sched-
uled, 30-day intervals, in keeping with clinical guidelines
for the use of opioid therapy in CNCP5. The occurrence of

TEAE may result in an unscheduled clinical re-evaluation
at any point in the modeled year.

Clinical management

All scheduled clinical encounters are assumed to occur in a
primary care office. Unscheduled clinical encounters for
TEAE, however, may prompt unscheduled clinical con-
tact, such as a telephone call or an office, walk-in clinic,
or emergency department (ED) visit. Utilization may vary
by healthcare setting; however, the model assumes that the
longer-term clinical management decision regarding LAO
therapy (e.g., increase dose, opioid switch) will not vary by
healthcare setting.

Clinical management during titration is modeled
simply depending on each patient’s simulated experience
with regard to LAO efficacy and TEAE. We developed
decision logic with reference to published clinical practice
guidelines1,8 and informed by expert clinical opinion. The
same decision logic governs patient flow in the model,
regardless of LAO:

Adequate pain relief

� If pain relief is adequate and there are no TEAE then
maintain current LAO regimen.

� If pain relief is adequate and patient has one or more
TEAE then either (a) treat TEAE (if applicable) and

Table 1. Days duration, management, and utilization associated with TEAE.

Nausea/
Vomiting9–11,17,18

Pruritus17,18 Dizziness17 Somnolence17,18 Constipation
(Acute)5,17,18

Constipation
(Chronic)5,19

Days duration of TEAE 10 3 1 1 3 Duration of LAO
% of patients who

seek medical contact17
29% 17% 21% 11% 23% –

Of the patients seeking medical contact,
% who switch LAO due to TEAE

12.2% 5.1% 6.5% 3.7% 12% –

Medical contact
Scheduled primary care OV – – – – – 10%
Unscheduled primary care OV 18% 9% 10% 7% 12% 10%
Telephone consult 7% 8% 10% 4% 9% –
ED visit 1% – 1% – 1% –
Inpatient admission 3% – – – 1% –
Pharmacy
Rx anti-emetic 29% – – – – –
Rx psycho-stimulant – – – 3% – –
Rx stool softener – – – – 11.4% 11.4%
Rx laxative – – – – 6.4% 11.4%
Diagnostics
X-ray (pelvis) – – – – – 5%
CT scan (abdominal) – – – – – 2%
MRI (abdominal) – – – – – 1%
Weighted cost per event** $104.49 $15.65 $24.18 $11.83 $50.95 $0.01*

OV, office visit; ED, emergency department; Rx, prescription; MRI, magnetic resonance imaging.
*Daily cost for management of chronic constipation for the duration of the LAO therapy.
**2012 US dollars.
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maintain current LAO regimen; or (b) treat TEAE (if
applicable) and switch LAO agent.

Inadequate pain relief

� If pain relief is inadequate and there are no TEAE then
increase dose of current LAO.

� If pain relief is inadequate and patient has one or more
TEAE then switch LAO agent.

Opioid switching

Patients begin the model on initial LAO therapy with
tapentadol ER or oxycodone CR. The model assumes
there is one alternate LAO, represented as an amalgam
(e.g., weighted average efficacy, cost) of available alterna-
tive LAO therapies (branded and generic fentanyl, hydro-
morphone, morphine sulfate).

Patients switching LAO therapy move to a
morphine-equivalent dose of the next agent18 and repeat
titration on the new LAO regimen (i.e., they are
again vulnerable to TEAE). Patients who switch to the
alternate LAO may stay on that LAO for the duration
of the modeled year or they may fail opioid therapy,
but they may not subsequently switch to another
LAO therapy.

Ongoing use

Once an optimal opioid dose of LAO is found, patients are
assumed to be reassessed clinically at 30 day intervals.
However, this stable pattern of LAO use may be inter-
rupted by subsequent TEAE.

Opioid failure

Opioid failure is a treatment alternative of last resort in the
model; it may occur at any time (titration; ongoing use) if
all other modeling options have been exhausted. Opioid
failure is an absorbing state. The model assumes that
patients who fail LAO therapy continue to have underly-
ing chronic pain; thus, they are assigned a fixed, one-time
macro-cost to manage and/or re-establish pain control
($3440) as well as an assumed daily cost of subsequent
pain control therapy ($17) (Table 2) The subsequent
approach to pain management is not detailed in the
model nor is it intended to be exhaustive; rather, it is
intended to represent costs associated with key clinical
management practices—such as additional diagnostics,
office visits, and interventional treatments —that may
occur in this patient population. For patients who fail
opioid therapy, the model assumes 14 days of inadequate
pain relief while pain control is being re-established, lead-
ing to a temporary decrement in health-related quality-of-
life (Table 3). Clinical management for those who fail
opioids is assumed to impact workplace productivity
(Table 4). The fixed, one-time cost does not vary by
LAO therapy or by the elapsed time between the start of
therapy and the time of opioid failure.

Health-related quality-of-life
Traditionally, patient preferences for certain health sta-
tuses are arranged on an interval scale, with 1.0 assigned
to an optimal level of health and well-being (‘‘perfect
health’’) and 0.0 assigned to the worst health status possi-
ble, or death. Each health status in between is assigned a
preference weight ranging from 0.0–1.0. Quality-adjust-
ments allow differences in morbidity effects between alter-
nate interventions to be assessed.

Table 2. Opioid failure: component costs.

Cost
frequency

Medical
resource

Units % of
patients

Rationale

One-time Diagnostics Baseline estimate assumes that each patient is
assessed using one type of imaging study5.X-ray 2 25.0%

CT scan 1 25.0%
MRI 1 25.0%
Myelography 1 25.0%
Medical Contact Assumption
Office visit, complex 2 100.0%
Interventions Baseline estimate assumes that 13% of patients

receive OA-related joint surgery20, 10% receive no
further treatment (assumption), and the remaining
patients would be equally split between nerve
block injections and epidural pain blockade
(assumption).

Surgical intervention 1 13.0%
Nerve block injection 1 38.5%
Epidural pain blockade 1 38.5%
No further treatment – 10.0%

Daily Pain control Assumption
Buprenorphine/naloxone 16.4 mg/day 100.0%
Physical therapy Once/month 100.0%
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In the present application, disutilities are calculated
additively relative to the reference case of patients who
achieve an adequate level of pain control and experience
no LAO-related adverse outcomes (Table 3). From this
baseline, utility decrements associated with events such
as TEAE or periods of uncontrolled pain are subtracted
for the period of time that the adverse health status is
experienced.

In order to avoid the accumulation of disutilities that
create a quality-adjusted life day less than zero, the sum-
mary calculations in the model assume that a patient may
accrue disutilities for inadequate pain relief and one other
TEAE in any given day. Thus, if a patient has more than
one TEAE on the same day, only the event with the great-
est disutility is accrued for that day. Utility decrements for
each event in the model are the same regardless of LAO.
However, the rate at which patients experience each event
may differ depending on the opioid agent.

Workplace productivity
Workplace productivity is operationalized in terms of pro-
ductive work hours lost due to inadequate pain relief and
TEAE, as well as productivity losses related to clinical
encounters (Table 4). These lost productive working
hours may include absenteeism (e.g., sick leave, personal
time off) and presenteeism (e.g., decreased quality/quan-
tity of work while in the workplace) due to chronic pain
and/or its treatment22. In order to avoid the accumulation
of productivity decrements that create less than zero pro-
ductivity hours in any 1 day, the summary calculations in
the model assume that a patient will lose productive work
hours for inadequate pain relief and one other LAO-
related event in any given day. Thus, if a patient has
more than one TEAE on the same day, only the event
with the greatest loss in productive work hours is accrued
for that day.

Costs

Costs, including medications, clinical assessments, and
treatment of TEAE and opioid failure, are reported in
2012 US dollars (Table 5). Five strengths of tapentadol
ER (50 mg, 100 mg, 150 mg, 200 mg, 250 mg) and five
strengths of oxycodone CR (10 mg, 20 mg, 30 mg, 40 mg,
50 mg) are considered. Pharmacy prices represent drug
wholesale acquisition cost (WAC), blended among
branded and generic versions of the same agent, as
applicable.

The base case analysis assumes a daily average con-
sumption (DACON) of 2.0 for both tapentadol ER and
oxycodone CR. Sensitivity analysis examine a daily cost
for oxycodone CR that is based on real-world DACON23.

Model outputs

The model keeps ‘score’ for each patient depending on his/
her path through the simulated treatment year (clinical
management, events, direct costs, utilities, productivity),
creating a simulated database of patient experience. At the
end of the 365 modeled days each patient will either (a) be
on the initially prescribed LAO; (b) be on the alternate
LAO; or (c) have failed opioid therapy. In each case, a full
year of direct and indirect cost estimates is created for all
patients who enter the model.

Primary model end-points are patients who achieve
adequate pain relief and no GI TEAE, and costs.
Additional outputs include days free of any (acute)
TEAE; days free of chronic constipation; number of rou-
tine office visits; number of unscheduled office visits;
number of TEAE; number of opioid failures; percentage
of patients who remain on initial LAO; quality-adjusted
life days; and productive work hours.

Table 4. Workplace productivity.

Event Productivity
loss (hours)

Phone call to doctor’s office 0.50
Office visit, scheduled 2.00
Office visit, unscheduled 2.00
Walk-in clinic visit 2.00
Emergency department visit 4.00
Inpatient admission 8.00
X-ray (radiography, pelvis) 2.00
CT scan (abdominal, no contrast) 2.00
MRI (abdominal) 2.00
Myelography 2.00
Nerve block injections 2.00
Epidural pain blockade 2.00
Surgical intervention* 240.00
Inadequate pain relief 1.04
Constipation TEAE (per day) 0.35
Nausea/vomiting TEAE (per day) 0.55
Dizziness TEAE (per day) 0.45
Somnolence TEAE (per day) 0.62
Pruritus TEAE (per day) 0.00
Breakthrough (flare) pain (per day) 0.26
Worsening pain (per day) 1.04

*Based on 40-hour work week and 6-week recovery period.

Table 3. Utilities.

Health state Utility
(per day)

Disutility
(per day)

Adequate pain relief/
No side-effects
(referent case)

0.88

Inadequate pain relief 0.13
Constipation TEAE 0.14
Nausea/vomiting TEAE 0.20
Dizziness TEAE 0.22
Somnolence TEAE 0.22
Pruritus TEAE 0.00

Source: Schmier et al.21
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Model validation

Model inputs were derived from RCTs and published
sources wherever possible. The model structure and
assumptions were confirmed with two practicing pain spe-
cialists. Technical validity was assessed by a thorough
quality check of programming and by setting inputs to
extreme values. Formal stability tests of the model were
conducted; these tests demonstrated that the variability of
model results from one run to the next leveled off when the
number of replications (simulated patients) in each mod-
eled arm exceeded 900. In addition, we confirmed that the
distribution of model-generated efficacy outcomes at 1, 30,
60, and 90 days were, as intended, comparable to RCT
results. At each time point the model-generated efficacy
outcomes were within 1–3% of trial results; differences
between model- and trial-generated results were evenly
distributed (positively and negatively) around zero.

In addition, one-way sensitivity analyses were con-
ducted on user-modifiable variables to test the robustness
of the modeled observations.

Results

Summary results for 50 runs of the model using 1000
patients in each model arm (total of 100,000 simulated
patients) and baseline input values for all variables are
presented in Tables 6 (clinical, humanistic variables)
and 7 (costs). All end-points refer to per-patient average
annual outcomes. All results are calculated on an intent-
to-treat basis. For example, Table 6 shows that, after 50
runs of the model, an average of 29% (SD¼ 1.41%) of
patients in the initial tapentadol ER arm achieved ade-
quate pain relief and no GI TEAE vs 15% (SD¼ 1.03%)
of patients in the initial oxycodone CR model arm.
This (average 14 percentage point) difference was
observed in 50 out of 50 runs of the model; that is, the
initial tapentadol ER arm (vs initial oxycodone CR) con-
sistently yielded a greater proportion of patients with ade-
quate pain relief and no GI TEAE at the end of the
modeled year.

Compared to the oxycodone CR group, a greater
number of modeled patients in the initial tapentadol ER

Table 5. Unit costs.

Cost category Unit Unit cost* Notes

Pharmacy
Tapentadol ER 50 mg $2.55

100 mg $4.71
150 mg $6.07
200 mg $7.73
250 mg $7.73

Oxycodone CR 10 mg $2.02 **Cost of 50 mg unit (100 mg daily dose) calculated
as cost of a 20 mg unitþ the cost of a 30 mg unit.20 mg $3.87

30 mg $5.47
40 mg $6.86
50 mg** $9.34

Alternate LAO day $6.74 Weighted average cost of branded and generic fen-
tanyl, hydromorphone, and morphine sulfate

Rx stool softener day $0.04 docusate sodium (150 mg bid)
Rx laxative day $0.11 bisacodyl (10 mg qd)
Rx anti-emetic day $0.45 metoclopromide (5 mg q 6 h/day)
Rx psychostimulant day $4.16 methylphenidate (30 mg qd)
burprenorphine/naloxone day $14.77 16/4 mg once-daily
Rx lactulose day $2.06 Weighted average cost of branded and generic

Medical Contact
Office visit, scheduled each $67.89
Office visit, unscheduled each $150.20
Phone call to doctor’s office each $26.71
Walk-in clinic visit each $67.89
Emergency department visit each $849.18
Inpatient admission each $2,201.42
Physical therapy session each $77.00

Tests
X-ray (pelvis) each $38.00
CT scan (abdominal, no contrast) each $349.00
MRI (abdominal) each $860.00
Myelography each $285.00

Interventions
Nerve block injections each $194.00
Epidural pain blockade each $451.00
Surgical intervention each $19,224.00

*2012 US dollars.
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Table 6. Summary 1-year results (clinical, humanistic variables).

End-point* Tapentadol
ER

Oxycodone
CR

Difference
(tapentadol ER –
oxycodone CR)

Advantage
tapentadol

ER

% of patients who achieve adequate pain reliefþ no GI TEAE
Mean 29% 15% 14% 50/50 runs
SD 1.41% 1.03% 1.68%
# days free of any (acute) TEAE
Mean 362 359 3 50/50 runs
SD 0.14 0.18 0.22
# days free of chronic constipation
Mean 343 318 25 50/50 runs
SD 2.32 3.26 3.77
# office visits, routine
Mean 11.52 11.19 0.33 2/50 runs
SD 0.14 0.14 0.19
# office visits, unscheduled
Mean 0.15 0.27 (0.12) 50/50 runs
SD 0.00 0.01 0.01
# TEAE
Mean 0.74 1.27 (0.53) 50/50 runs
SD 0.02 0.03 0.04
# opioid failures
Mean 0.25 0.27 (0.02) 37/50 runs
SD 0.01 0.01 0.02
% patients who remain on initial LAO
Mean 42% 38% 4% 49/50 runs
SD 1.35% 1.66% 2.13%
Quality-adjusted life days (QALD)
Mean 295 284 11 50/50 runs
SD 0.69 0.79 0.91
Productive Working Hours
Mean 1927 1915 12 49/50 runs
SD 4.16 4.13 5.44

*All end-points refer to per-patient average annual outcomes. Thus, a difference of one office visit per-patient would represent a difference of 1000 office visit in a
panel of 1000 patients.

Table 7. Summary results (costs).

End-point* Tapentadol
ER

Oxycodone
CR

Difference
(tapentadol ER –
oxycodone CR)

Advantage
tapentadol

ER

Cost of LAO
Mean $2632 $2328 $305 0/50 runs
SD $42.13 $40.28 $52.76
Costs of office visits, routine
Mean $1012 $1012 $0.50 26/50 runs
SD $17.26 $14.40 $22.00
Cost of office visits, unscheduled
Mean $44.64 $79.57 ($34.93) 50/50 runs
SD $1.78 $1.92 $2.56
Cost of opioid failure
Mean $2246 $2387 ($141) 43/50 runs
SD $114.86 $114.51 $156.71
Total costs
Mean $5935 $5806 $129 3/50 runs
SD $66.91 $72.24 $98.57

*All end-points refer to per-patient average annual outcomes. Thus, a difference of one office visit per-patient would represent a difference of 1000 office visit in a
panel of 1000 patients.
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arm achieve adequate pain relief and no GI TEAE (29% vs
15%). Patients in the initial tapentadol ER arm consis-
tently have more days free of any (acute) TEAE, more
days free of chronic constipation, and fewer TEAE. A
greater number of patients who initiate opioid therapy
with tapentadol ER remain on the original LAO for the
entirety of the modeled year (42% vs 38%). Total direct
costs for patients in the initial tapentadol ER arm are
slightly (2.2%) higher than for patients in the initial oxy-
codone CR model arm. In addition, modeled patients in
the initial tapentadol ER arm achieve greater non-mone-
tary benefits, such as more quality-adjusted life days and
more productive working hours, compared to patients ini-
tiating treatment with oxycodone CR.

Sensitivity analysis

One-way sensitivity analyses on all user-modifiable vari-
ables demonstrated the robustness of the model findings.
Results of these analyses show that the advantage of initial
therapy with tapentadol ER vs oxycodone CR increases as
(a) the cost of a routine office visit decreases relative to an
unscheduled office visit (because a strategy of initial tapen-
tadol ER consistently results in more routine, but fewer
unscheduled office visits); (b) the direct treatment and
patient management costs associated with TEAE increase
(because the incidence of TEAE is consistently lower with
initial tapentadol ER); and (c) the costs associated with
switching LAO therapy increase (because a higher propor-
tion of patients remain on initial tapentadol ER without
switching).

Estimates of LAO effectiveness and TEAE rates used in
the model are derived from a comparative RCT of tapen-
tadol ER vs oxycodone CR. Changes in these variables will
influence model outcomes. In general, an agent’s advan-
tage relative to the comparator LAO will increase as
(a) the proportion of patients for whom the LAO is effec-
tive increases; (b) efficacy (pain relief) is achieved earlier
following the start of the LAO therapy; and (c) TEAE rates
decrease.

Our baseline model conservatively assumes twice-daily
dosing for both LAO, following clinical trial protocols.
However, while a recent audit of 100,000þ prescriptions
confirms real-world DACON for tapentadol ER (all
strengths) of �2.0 (50 mg, 2.11; 100 mg, 1.99; 150 mg
1.98; 200 mg, 1.96; 250 mg, 1.95), it reveals that patients
tend to use more than twice-daily dosing for oxycodone
CR (10 mg, 2.36; 20 mg, 2.46; 30 mg, 2.43; 40 mg 2.69;
50 mg 2.45)23. All other things being equal, the advan-
tages of any therapy will tend to decrease as the price of
that therapy increases relative to its comparator (because
the increased cost will offset any cost savings). In the con-
text of the current model, we executed 50 model runs after
adjusting the daily cost of LAO in keeping with real-world,

strength-specific DACON for each agent (tapentadol ER
50 mg, $5.38; 100 mg, $9.37; 150 mg $12.02; 200 mg,
$15.15; 250 mg, $15.07 and oxycodone CR 10 mg, $4.77;
20 mg, $9.52; 30 mg, $13.29; 40 mg, $18.45; 50 mg,
$22.84). In this scenario, the clinical advantages of initial
tapentadol ER vs oxycodone CR remain unchanged while
the mean, per patient difference in total cost is $268
(SD¼ $108; advantage tapentadol ER). Thus, initial treat-
ment with tapentadol ER becomes a dominant strategy
(reflecting better outcomes at a lower cost) in 50/50
model runs when the analysis uses a DACON-adjusted
price for oxycodone CR.

Discussion

Our analysis demonstrates that CNCP patients started on
initial tapentadol ER show consistently better outcomes
compared to initial oxycodone CR with respect to the
proportion of patients achieving adequate pain relief and
no GI TEAE; days free of acute TEAE; days free of chronic
constipation; QALD; and productive working hours. In
the base case, total costs for patients with initial tapenta-
dol ER are slightly (2.2%) higher than for patients with
initial oxycodone CR; however, nearly twice as many
patients in the initial tapentadol ER arm (29% vs 15%)
achieve adequate pain relief and no GI TEAE compared to
initial oxycodone CR. Sensitivity analyses show that a
strategy of initial tapentadol ER becomes dominant
(reflecting better outcomes at lower cost) when the cost
of oxycodone CR considers real-world DACON. Our find-
ings are broadly similar to those of two other indepen-
dently conducted cost-effectiveness evaluations of
tapentadol ER vs oxycodone CR, one from the perspective
of the UK24 and the other from the perspective of Spain25.

The differences in tolerability between LAO therapies
have important economic implications. Opioid-induced
side-effects can be costly to the healthcare system; they
have a substantial impact on the costs of pain management
by preventing titration to the optimal dose or leading to
treatment discontinuation17,26–28. Further, ambulatory
patients experiencing opioid-related TEAE may seek addi-
tional care (e.g., primary care office visits, prescription
medication, sometimes hospitalization) in order to
manage the undesired outcomes28–31.

Notice that in our analysis a strategy of initial tapenta-
dol ER consistently produces more routine, and fewer
unscheduled clinical encounters. This is because the
lower TEAE rate for tapentadol ER (vs oxycodone CR)
demonstrated in clinical trials produces fewer adverse
events and, as a result, fewer patients seeking unscheduled
treatment due to TEAE. Because our model assumes that a
care provider will evaluate LAO efficacy and TEAE at
every clinical encounter (scheduled or unscheduled),
patients who present for an unscheduled visit will, in
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essence, ‘reset the clock’ on their routine follow-up sched-
ules. Thus, an unscheduled visit on Monday will obviate
the need for a previously scheduled visit, say, on Friday the
same week.

Of course the story does not stop with clinical care; the
impact of reductions in nausea, vomiting, and constipation
events is also felt by patients on LAO therapy for CNCP as
well as by their employers. In our analysis, the strategy of
initial tapentadol ER consistently resulted in more patients
achieving optimal LAO therapy on the initially prescribed
agent, more QALD and more productive working hours
compared to a strategy of initial oxycodone CR. However,
these indirect benefits go beyond the immediate payer’s
perspective and were not explicitly valued as part of the
present analysis.

Our model builds on the scientific foundation estab-
lished by earlier published models of LAO use in CNCP
and incrementally advances the existing body of literature
in four ways. First, we created a patient-centric model
capable of representing the management of patients on
LAO probabilistically, explicitly influenced by both ade-
quacy of pain relief (opioid efficacy) and TEAE. Second,
our model describes TEAE using a stepwise, sequential
approach. Five possible adverse events are modeled inde-
pendently, accompanied by underlying decision logic
intended to acknowledge that each patient’s experience
of opioid-related efficacy and adverse events occurs simul-
taneously in clinical practice. Further, our model assumes
that management decisions are made, over time, on the
basis of both parameters. Third, our model represents
rates of LAO efficacy and adverse events, by day, for 15
weeks of therapy based on data from RCTs because, in
clinical practice, the duration of opioid titration and
stable opioid use does not occur over an arbitrary
number of days; rather, it may vary substantially by patient
depending on his/her experience of pain relief and adverse
events. Fourth, our model considers workplace produc-
tivity and quality-of-life impacts associated with LAO
efficacy and tolerance, using baseline estimates from pub-
lished sources.

This analysis is not without limitations. Our model
evaluates treatment efficacy with reference to clinical
trial protocols in which adequate pain relief is standardized
as a 30% or greater reduction in pain. This definition is
somewhat arbitrary in the context of real-world manage-
ment where patients may have different starting pain
levels, thresholds, and treatment goals. Further, because
efficacy data beyond 15 weeks were unavailable, our
model assumes that patients’ pain relief status at
15 weeks will carry forward for the duration of the modeled
time horizon. Published reports of other modeled evalua-
tions show similar assumptions by some authors13,14, while
other authors have addressed the issue by assuming a con-
stant, non-zero rate of withdrawal due to lack of efficacy for
both LAO agents24,25. Different approaches to this issue

will naturally lead to different absolute results; however,
any assumption of no difference in long-term efficacy for
the two agents should reach similar relative conclusions.

Our model further did not consider longer-term dose
adjustments that might be necessitated by analgesic toler-
ance. Results of a pre-clinical study suggest that the rate of
analgesic tolerance with tapentadol is half that of mor-
phine32. If these study results are upheld in the context
of oxycodone CR it could yield a more favorable cost-
effectiveness profile for tapentadol ER.

Another limitation of our analysis is that TEAE inci-
dence rates are derived from Kaplan-Meier analyses of
time-to-first-event from clinical trials Thus, due to data
limitations, the model assumes that patients will experi-
ence a maximum of one treatment-emergent episode of
each event per LAO agent. This is a potentially conserva-
tive assumption to the extent that tapentadol has a more
advantageous adverse event profile compared with oxyco-
done, as has been shown in clinical trials and reported in
several non-randomized studies17,33–35.

Finally, baseline model estimates are derived from a
variety of sources since there is no one study that has col-
lected data on all of the modeled parameters. Where pub-
lished estimates were lacking, it was necessary to rely on
expert clinical opinion. That notwithstanding, one dis-
tinct advantage of a decision model is that it applies a
consistent theoretical framework to clarify immediate
and downstream cost and outcome tradeoffs between alter-
native therapeutic approaches. By design, the baseline
assumptions of the model are easily changed in light of
new information and/or to meet the needs and local clin-
ical practices of decision-makers.

Conclusions

The results from this cost-effectiveness analysis demon-
strate that, while total costs for patients with initial tapen-
tadol ER are slightly (2.2%) higher than for patients with
initial oxycodone CR, nearly twice as many patients in the
initial tapentadol ER arm (29% vs 15%) achieve adequate
pain relief and no GI TEAE compared to initial oxycodone
CR. This marginal increase in costs to produce better out-
comes associated with tapentadol ER may be acceptable to
payers. If real-world DACON for oxycodone CR is consid-
ered in the analysis, initial tapentadol ER becomes a dom-
inant strategy (i.e., better outcomes at a lower cost). Even
beyond the direct costs to managed care, the higher toler-
ability of tapentadol ER (resulting in fewer TEAEs, fewer
unscheduled office visits, more patients achieving optimal
LAO therapy on the initial agent, more QALD, and more
productive working hours) may produce favorable out-
comes of considerable interest to patients as well as to
their employers.
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