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Abstract

Objective:

To compare the cost effectiveness of prolonged release oxycodone/naloxone (OXN) tablets (Targinact*) and

prolonged release oxycodone (OXY) tablets (OxyContiny) in patients with moderate-to-severe non-malignant

pain and opioid-induced constipation (OIC) from the perspective of the UK healthcare system.

Methods:

A cohort model used data from a phase III randomised, controlled trial (RCT). It calculated the cost difference

between treatments by combining the cost of pain therapy with costs of laxatives and other resources used

to manage constipated patients. SF-36 scores were converted into EQ-5D utility values to calculate the

quality-adjusted life-year (QALY) gains. Deterministic and probabilistic sensitivity analyses were performed.

Results:

The incremental cost of OXN versus OXY was £159.68 for the average treatment duration of 301 days. OXN

gave an incremental QALY gain of 0.0273. The estimated incremental cost-effectiveness ratio (ICER) was

£5841.56 per QALY. Sensitivity analyses gave a maximum ICER of £10,347.03. In some scenarios, OXN

dominated with a cost saving of up to £4254.70. Probabilistic sensitivity analysis showed that OXN had

approximately 96.6% probability of cost effectiveness at the £20,000 threshold.

Limitations:

The model was conservative in predicting the probability of constipation beyond the 12-week RCT period. UK

cost of constipation data were limited and based on primary care physician opinion.

Conclusions:

In the base case, direct treatment costs were slightly higher for patients treated with OXN than for those

treated with OXY. However, patients treated with OXN experienced a quality of life gain, and had an ICER

considerably below thresholds commonly applied in the UK. The model was most sensitive to the estimated

cost of constipation with a number of realistic scenarios in the sensitivity analysis demonstrating a cost

*[Targinact, Napp Pharmaceuticals, Cambridge, UK]

y[OxyContin, Purdue Pharma LP, Stamford, CT, USA]
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saving with OXN (OXN dominant). OXN is therefore estimated to be a cost-

effective option for treating patients with severe non-malignant pain and OIC.

Introduction

Persistent pain is a common and disabling illness; it has an
estimated prevalence of 19% across Europe1 and affects
around 5 million people in the UK2. It restricts daily activ-
ities1, reduces quality of life1, and carries a significant eco-
nomic burden in terms of direct costs (e.g., healthcare
services, medications)3,4 and indirect costs (e.g., loss of
income, decreased productivity)4–6. Although many clini-
cians are aware of the direct costs, few take account of the
wider cost implications of chronic pain.

Patients with severe pain frequently require strong opi-
oids as part of their pain management programme.
However, around 80% of patients treated with opioids
will experience at least one adverse event2. Opioids com-
monly cause opioid-induced bowel dysfunction (OIBD) by
binding to m opioid receptors throughout the gastrointes-
tinal (GI) tract. This leads to a range of symptoms, includ-
ing constipation, bloating, abdominal pain, cramping and
incomplete faecal evacuation. However, the most
common (and most disabling) side-effect of opioid treat-
ment is opioid-induced constipation (OIC)7. Binding of
opioid receptors in the GI tract reduces peristaltic activity
and GI secretions, and increases fluid absorption, leading
to harder stools passing through a poorly peristaltic gut,
and resulting in classical symptoms of constipation.

OIC is generally managed with stool softeners and lax-
atives. However, although these offer a degree of symptom
control, they do not resolve the underlying problem and
many patients will not have their constipation resolved
with this therapy. Several studies document patients’ inad-
equate response to laxatives. In one study, approximately
54% of patients treated for OIC did not achieve the desired
result even half of the time8. Some patients might not be
able to tolerate the dose of laxative required to control the
constipation (laxatives are associated with a number of
side-effects, including nausea, bloating and dehydration).
OIC can be such a distressing side-effect that some patients
try to avoid it by reducing the dose of their opioid medi-
cation; they prefer to be in pain rather than experience
severe constipation9. Patients with OIC frequently have a
reduced quality of life and may use additional healthcare
resources, including primary care physician and district
nurse visits. Studies carried out in the US and Sweden
showed that patients with OIC had significantly higher
total health costs than those who did not10–12.

Oxycodone is a strong opioid agonist that is commonly
used to treat non-malignant pain in the UK. Prolonged
release oxycodone/naloxone (OXN) tablets (Targinact*)
are a fixed-dose, prolonged release formulation of
oxycodone and the opioid antagonist naloxone.

Naloxone counteracts OIC by blocking the action of oxy-
codone at opioid receptors in the gut. It does this without
compromising the analgesic effect of oxycodone as when
taken orally, naloxone is largely metabolised by the liver
and does not reach the central nervous system in clinically
significant amounts. Clinical studies have confirmed that
treatment with OXN provides effective pain control while
reducing OIC13–16.

The objective of this cost-utility study was to evaluate
the cost effectiveness of OXN versus prolonged release
oxycodone (OXY) tablets (OxyContiny) in patients with
moderate-to-severe non-malignant pain experiencing
OIC. The study was carried out from the perspective of
the UK National Health Service (NHS).

Patients and methods

The model used data from a phase III, randomised, con-
trolled, double-blind, parallel-group study published in
2008 by Simpson et al.14. The study compared OXN with
OXY in adults who required continuous opioid therapy for
moderate to severe non-malignant pain, and had OIC.
After a 7–28-day run-in phase (during which their pre-
study opioid was converted to OXY; the protocol required
their pain to be controlled at a dose of 50 mg/day or less),
322 patients were randomised to treatment with OXN
(n¼ 162) or OXY (n¼ 160) and entered a 12-week
double-blind phase. The mean dose of oxycodone across
both treatment groups was approximately 33 mg/day.
Patients were told to take oral bisacodyl as a rescue laxa-
tive according to the protocol. The primary objective was
to assess whether OXN gave improvements in constipation
compared with OXY alone after 4 weeks’ treatment.
Constipation was assessed using the Bowel Function
Index (BFI). Patients rated the following on a scale of
0–100, where a lower score indicates better bowel func-
tion: ease of defecation, feeling of incomplete bowel evac-
uation and personal judgement of constipation. Their BFI
score was defined as the mean of these three scores17.
Normal bowel function is defined as a score of �28.8;
this was determined in a study that reported that 95% of
non-constipated patients had a BFI score �28.818.
Patients’ average pain over the last 24 hours was assessed
using a 0–10 numerical rating scale (where a lower score
indicates less pain). The study showed that although anal-
gesic efficacy was comparable between OXN and OXY,
patients in the OXN group had statistically and clinically
significant improvements in OIC. After 4 weeks of treat-
ment, mean BFI scores were 34.9 (SD 25.80) in the OXN
group and 51.6 (SD 26.78) in the OXY group (p50.0001).
Mean pain intensity scores were similar between treatment
groups and remained stable throughout the study (ranging
from 3.3 to 3.5 in the OXN group and from 3.3 to 3.7 in the
OXY group). Forty-nine patients (31%) in the OXN group
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used rescue laxatives in the first 4 weeks, compared with 87
patients (55%) in the OXY group (p50.0001). The
number of laxative tablets required was significantly
lower in the OXN group than in the OXY group
(p50.0001).

Model structure and overview

A cohort cost-utility model was developed in Microsoft
Excel 2007 (Microsoft Corporation, Redmond, WA,
USA) with constipated and non-constipated health
states. The model was replicated in SAS v9.2 (SAS
Institute, Cary, NC, USA) to audit the calculations and
results. The model calculated the incremental cost-effec-
tiveness ratio (ICER) defined as Dcost/Deffectiveness,
where effectiveness was defined in terms of quality-
adjusted life-years (QALY) gained19. The health states
were estimated using the BFI data. Utility values were cal-
culated by mapping SF-36 data from the study by Simpson
et al.14 to EQ-5D scores. Pain was not included as a health
state as based on the study data, it was assumed to be equal
between treatments. The model included laxative use
based on the use of rescue laxative in the study by
Simpson et al.14.

Figure 1 shows the structure of the model. Most patients
started in a constipated health state, however over time
patient movement occurred between the constipated and
non-constipated health states, with the constipated health
state incurring an additional cost. The model had weekly
time intervals. The duration for base case analysis was 301
days, according to the average duration of treatment with
OXY tablets in patients with non-cancer diagnoses20. Cost
and effects were not discounted owing to the time horizon
being less than 1 year.

The following equations were used in the model:

Total cost of drug (laxative and pain treatment)

Cj¼ total cost of drug in treatment group over the treat-
ment period (j¼ 1 refers to OXN; j¼ 2 refers to OXY)

K¼ the expected duration of each treatment, which is
estimated at 43 weeks, hence K¼ 43
Dj is the average weekly cost of pain therapy in the jth
treatment group. Therefore, Dj¼ cost per mg� average
(mean) dose (mg) per day� 7 (days)
Lj is the average weekly cost of laxative use in the jth
treatment group. Therefore, Lj¼ ([mean tablets per 28
days]/4)�Cost per 5 mg tablet

Hence,

Cj ¼ K Dj þ Lj

� �
ð1Þ

Additional healthcare costs

Pij is the proportion of patients with constipation in each
treatment group at each week (i)

The total average weekly cost per patient of additional
healthcare required is V, where V¼ (average cost/patient
per course of therapy/301 days)� 7 days

Therefore, using a half-cycle correction, the additional
healthcare costs (Z�j ) is given by:

Z�j ¼ V½1=2 P0j þ P1j

� �
þ 1=2ðP1j þ P2jÞ þ P2j

þ 1=2ðP2j þ P4jÞ þ 3P4j þ 1=2ðP4j þ P8jÞ þ 3P8j

þ 1=2 P8j þ P12, j

� �
þ 31P12� ð2Þ

The incremental cost is therefore:

C1 � C2ð Þ þ Z�1 � Z�2
� �

ð3Þ

Utilities
If the utilities for each treatment group at each week are

denoted Uij, then defined as U�j , the total QALY gain
across all 43 weeks for a given treatment group, using a
half cycle correction is:

U�j ¼ 1=52½1=2ðU0j þU1jÞ þ 10U1j

þ 1=2ðU1j þU12, jÞ þ 31U12, j� ð4Þ

Weighted cost of additional resources

Non-constipated

Constipated

Weighted cost of additional resources

Non-constipated

Constipated

Patients with moderate to severe 
non-malignant pain and OIC

OXN (mean utility values 
calculated from Simpson, et al14

and Rowen, et al21)

OXY (mean utility values 
calculated from Simpson, et al14

and Rowen, et al21)

OIC, opioid-induced constipation.

Figure 1. Model structure.
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The ICER is therefore given by [3] divided by [4]:

ðC1 � C2Þ þ Z�1 � Z�2
� �

U�1 �U�2
ð5Þ

Model inputs

Figure 2 shows the major model inputs. Incremental qual-
ity-adjusted life-years (QALYs) and costs were calculated
using the area under the curve (AUC) method with last
observation carried forward (LOCF).

Cost inputs
Unit costs were based on the latest available data at
Q1 201122–24. The pack costs for OXN were £17.56
(5 mg), £35.11 (10 mg), £70.22 (20 mg) and £140.44
(40 mg)22. The pack costs for OXY were £12.46 (5 mg),
£24.91 (10 mg), £49.82 (20 mg) and £99.66 (40 mg)22. The
model used sales data for OXN and OXY to calculate a
weighting that was then used to estimate cost per mg (due
to slight variations in the cost per mg of both treatments at
different dose strengths, it was necessary to estimate the
proportion of patients receiving each of the tablet
strengths in the UK setting). The weightings
applied were 24% (5 mg), 30% (10 mg), 29% (20 mg)
and 18% (40 mg). The cost calculations included

5–40 mg oxycodone in each group. The weighted cost
per week of OXY was £12.71; the weighted cost per week
of OXN was £17.48.

Laxative use was based on patient data from Simpson
et al.14. As data were only available for both treatment
groups for the first 4 weeks of treatment, the model
assumed that laxative use would remain stable in both
treatment groups for the rest of the study period
(301 days). Table 1 shows costs of treatment with OXN
and OXY, and laxative costs.

BFI scores (Simpson, et al14)

SF-36 scores mapped to EQ-5D 
utility scores (Rowen, et al21)

Resource use estimated from GP 
survey for constipated and 

non-constipated health states

BFI mapped to constipated 
(BFI>28.8) and non-constipated 

(BFI≤28.8) health states 
(Ueberall, et al18)

Inputted into health economic 
model with therapy costs to 

calculate cost per QALY gained

SF-36 scores (Simpson, et al14)

Converted to QALYs by LOCF and 
AUC

Costs QALY

BFI, Bowel Function Index; QALY, quality-adjusted life-year; GP, general practitioner; LOCF, last observation
carried forward; AUC, area under the curve.

Figure 2. Major model inputs.

Table 1. Costs of pain and laxative therapy.

OXN OXY Difference

Pain therapy
Cost/mg £0.078 £0.055 £0.02
Average dose/day (mg)14 32.2 33 �0.8
Average cost/week [Dj] £17.48 £12.71 £4.77

Laxative (bisacodyl)
Cost/5 mg tablet £0.03 £0.03 0
Average number

of 5 mg
tablets/4 weeks14

1.83 4.37 �2.54

Average cost/week [Lj] £0.01 £0.04 �£0.03

Unit costs taken from British National Formulary 60 September 201022.
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Alongside direct pain treatment and laxative costs, a
constipated patient may incur other healthcare costs, such
as physician consultations and home visits, hospital visits
and procedures, outpatient appointments, enemas and
manual evacuations. Cost weighting took into consider-
ation the percentage of patients requiring the resource and
how often the resource was required over the course of
opioid therapy (Table 2); this information was based on
findings from a specially commissioned survey of UK pri-
mary care physicians25. A limitation of this survey was that
it was not explicit about the duration of patients’ treat-
ment, therefore the average resource use per week was also
not explicit. The average treatment duration applied in
the model (301 days) was used to calculate the weekly
resource use. This was potentially conservative as most
of the survey respondents said they would treat for less
than 14 weeks. Using the figure of 301 days resulted in
an average weekly cost of additional therapies for a con-
stipated patient of £5.50 (equating to an average monthly
cost of £23.83).

Inputs for health states
The model included the percentage of constipated and
non-constipated patients in both treatment groups
throughout the 12-week treatment period (Table 3).
Constipation status was modelled by defining normal
bowel function as a BFI score of �28.818.To allow model-
ling beyond 12 weeks, it was assumed that the BFI values
achieved at the end of 12-week treatment period would
remain constant for both treatment groups until the end of
the model (301 days). This was a conservative assumption
given the results of the extension phase of the study show-
ing the continued benefit of OXN over a 12-month period:
patients’ mean BFI score decreased from 35.6 (SD 27.74) at
12 weeks to 20.6 (SD 24.01) after an additional 52 weeks of
treatment with OXN26. This equates to 27% of those

patients originally randomised to OXN being constipated
at the end of the 52-week extension phase. Note that a
small percentage of patients in the model did not start in
the constipated health state as they were originally diag-
nosed as constipated according to study entry criteria that
were based on complete spontaneous bowel movements
(CSBMs), not the BFI threshold. However, in most
cases, there is a high level of correlation between the
BFI and CSBMs17.

Quality of life inputs (utility values)
The model included quality of life data based on patient
health survey (SF-36 v227) responses from patients in the
study by Simpson et al.14. General improvements on qual-
ity of life were seen for the OXN group. In particular, there
were statistically significant improvements in social func-
tioning, vitality and the general health subscale at week 12
(p¼ 0.012, p¼ 0.010 and p¼ 0.039, respectively). As with

Table 2. Additional healthcare costs.

% of patients
requiring
resource

Frequency
over course

of opioid

Cost/unit (£) Weighted
cost (£)

Enema administered by patient 10 2.40 7.98 1.92
Enema administered by practice nurse 13 2.10 19.98 5.29
Enema administered by district nurse 12 2.30 34.98 9.90
Primary care physician consultation 34 2.90 36.00 35.29
Home visit by primary care physician 13 1.70 120.00 26.72
Home visit by district nurse 24 2.80 27.00 18.30
Home visit by practice nurse 10 1.00 20.00 2.00
Outpatient appointment 6 1.20 268.00 20.58
Endoscopy/colonoscopy 4 1.20 956.00 49.33
Accident and emergency attendance 4 1.40 87.00 4.87
Manual evacuation 3 1.10 991.00 30.52
Haemorrhoid stapling 3 1.00 1219.00 31.69
Average cost/patient per course of therapy 236.40
Average weekly cost/per patient of additional therapies 5.50 [V]

Costs taken from British National Formulary 60 September 201022, Curtis 201023, National Tariff 2009/201024.

Table 3. Percentage of constipated patients over time [Pij].

% of patients

OXN
(n¼ 158)

OXY
(n¼ 158)

Difference

Week 0 91 88 �3
Week 1 63 82 19
Week 2 56 79 23
Week 4 58 77 19
Week 8 51 75 24
Week 12 49 67 18
Week 64* 27 – –

*Extension phase data for patients randomised to OXN in the study by
Simpson et al.
The constipation status at week 64 (i.e., 64 weeks after randomisation in the
study by Simpson et al.) was not applied in the model.
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constipation status, quality of life at 12 weeks was carried
forward for the remainder of the model. For the base case,
the model applied a mapping method developed by Rowen
et al.21 to convert the SF-36 scores to the EQ-5D utility
values, which are commonly used in the UK.
Subsequently, QALY gains were estimated using the
AUC method with adjustment for baseline differences,
as described by Manca et al.28, and Willan and Briggs29.
Adjusting for baseline differences ensured that any
observed differences between treatments (post-baseline)
took into account potential differences between treatment
groups at baseline. In the sensitivity analysis, QALY gains
were also estimated without adjusting for baseline differ-
ences. Table 4 shows the difference in utility scores
between OXN and OXY; at week 12, the improvement
in quality of life was significantly greater in patients trea-
ted with OXN than those treated with OXY (p¼ 0.0185).
The adjusted difference of 0.04 for the OXN group
compared with the OXY group is likely to be clinically
significant, as a cut-off value of 0.03 is frequently
used as the minimum clinically relevant difference for
the EQ-5D30–32.

Deterministic sensitivity analyses

It was important to determine which inputs had the most
significant impact on model results and whether particular
inputs increased or decreased the ICER. A simple sensitiv-
ity analysis involved increasing and decreasing the follow-
ing key variables by 25% as a change of this magnitude
would be sufficient to indicate any trends: incremental
QALY gain; total weekly dose of oxycodone; treatment
duration, in weeks; cost of additional resources for consti-
pated patients; cost per mg of bisacodyl. Probability of con-
stipation in each treatment group was adjusted by 10% to
prevent values exceeding 100%.

It was important to undertake more in-depth analysis
on the mapping functions used to convert SF-36 to utility
values as a number of mapping functions are available and
the choice of function can influence model results. A map-
ping function by Brazier et al.33 was applied in the sensi-
tivity analysis as it was one of the earliest developed and is
still one of the most commonly applied. There have also

been several quality of life studies reporting utility values
on the impact of constipation34–36. The model compared
utility values from the study with published utility values.
Applying these values from the literature as a sensitivity
analysis was a good way to assess any uncertainty around
the quality of life gain reported in the study. The average
utility values from the literature were 0.5850 (range 0.31–
0.9) for constipation and 0.8200 (range 0.63–1.00) for
non-constipation34–36.

Another input that needed to be tested was the cost of
treating constipation, especially as the base case was
formed on primary care physician opinion. A number of
non-UK studies were identified in the literature, most of
which involved using extensive databases. Sensitivity
analyses were carried out on the cost of constipation
using information from studies by Kwong et al.10, Iyer
et al.11, and Hjalte et al.12 that included patients with
non-malignant pain. In each case, the local currency was
converted to GBP* and the cost duration converted to
weekly costs before being applied to the model. There
was no adjustment for inflation as all cost inputs were
within a timeframe of one year before the model was
built. The analyses included direct costs only; all inputs
are shown in Table 5.

Probabilistic sensitivity analysis

The model conducted probabilistic sensitivity analysis
(PSA) on the following major model inputs: utility
values; probability of constipation over time; average oxy-
codone dose; unit cost of resource use in constipated
patients; cost of laxatives.

The analysis calculated means and standard errors using
data from the study by Simpson et al.14 in the statistical
package SAS v9.2. Means and standard errors from the
SAS output were manually inputted into the Excel
model. Distributions were applied to the variables accord-
ing to standard methods applied in health economics19.

The mean weekly dose was considered to be normally
distributed because the measures of skewness ranged from

Table 4. Base case EQ-5D utility values.

OXN* OXYy Difference (95% CI) p-value

Week 0 Raw mean (SE) 0.4776 (0.0137) 0.4792 (0.0116) –0.0015 (�0.034, 0.037) 0.9319
Week 1 Adjusted meanz (SE) 0.5008 (0.0076) 0.4829 (0.0077) 0.0180 (�0.0035, 0.0395) 0.1006
Week 12 Adjusted meanz (SE) 0.5029 (0.0115) 0.4640 (0.0117) 0.0388 (0.0065, 0.071) 0.0185

*n¼ 162 at weeks 0 and 1; n¼ 159 at week 12.
yn¼ 160 at weeks 0 and 1; n¼ 156 at week 12.
zLeast squares mean with baseline as a covariate based on Manca et al.28 and Willan and Briggs29.
SE, standard deviation; CI, confidence interval.

*Exchange rates taken from http://www.xe.com. $1 US¼ £0.615574023 (2nd

March 2011). E1¼ £0.887653 (10th June 2011)
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0.08 (little or no skew) to 0.68 (some evidence of positive
skew). In addition, the mean and median values were very
close to each other suggesting that normality assumptions
were not grossly violated. A beta distribution was assumed
for EQ-5D utility values, as499% of the EQ-5D scores
were estimated to be between 0 and 1. Costs were assumed
to follow a gamma distribution since costs are positive (40)
and also positively skewed. Gamma distributions are com-
monly assumed for cost inputs in economic evaluations.
Based on a previously described method19, the model used
the following definition of gamma: g¼ (1, m).

A breakdown of the distributions and parameters used
for utilities, probabilities of OIC, costs, and average dose of
study drug is given in Appendix 1 (Supplementary
material).

Results

Base case

Table 6 shows the base case results. The incremental cost
of OXN versus OXY was £159.68 for the average treatment
duration of 301 days. OXN gave an incremental QALY

gain of 0.0273. The ICER of £5841.56 was well within the
£20,000–30,000 threshold37 often applied in the UK.

Deterministic sensitivity analyses

Table 7 shows the results of the deterministic sensitivity
analyses. Simple percentage change adjustments applied to
all of the key variables resulted in the ICERs remaining
under £8000 in all scenarios. The model was not particu-
larly sensitive to changes in the probability of constipation

Table 5. Deterministic sensitivity analysis inputs.

Sensitivity analysis Input Comments

Key variables
Incremental utility values OXY �25% To determine which inputs had the

most significant impact on model
results (and the direction of
impact), a simple sensitivity anal-
ysis involved increasing and
decreasing key variables by 25%
as a change of this magnitude
would be sufficient to indicate any
trends (except for probability of
constipation, which was adjusted
by 10% to prevent values exceed-
ing 100%)

Total weekly dose of OXY/OXN �25%
Treatment duration (weeks) �25%
Probability of constipation in OXY group �10%
Probability of constipation in OXN group �10%
Cost of additional resources for constipated patients �25%
Cost of laxative �25%

Mapping functions
Rowen et al.21 unadjusted for baseline Week 0: 0.4776 (OXN); 0.4792 (OXY) To test whether adjusting baseline

utility values impacts the model
results

Week 1: 0.5003 (OXN); 0.4849 (OXY)
Week 12: 0.5032 (OXN); 0.4652 (OXY)

SF-6D mapping equation (Brazier et al.33) Week 0: 0.60169 (OXN); 0.59811 (OXY) To test whether the mapping function
impacts the model resultsWeek 1: 0.61216 (OXN); 0.59624 (OXY)

Week 12: 0.61901 (OXN); 0.58664 (OXY)

Constipation utility values To test how application of constipated
and non-constipated utility values
from the literature impacts the
model results

Non-advanced illness34 Not constipated 0.6500; constipated 0.3100
Uncontrolled chronic functional constipation35 Not constipated 1; constipated 0.74
Controlled chronic functional constipation35 Not constipated 1; constipated 0.9
Cancer patients with OIC36 Not constipated 0.63; constipated 0.39
Average utility value from the literature Not constipated 0.8200; constipated 0.5850

Cost of constipation To test how application of non-UK cost
of constipation studies impacts the
model results

Kwong et al.10 Incremental cost constipation £370.81
Iyer et al.11 Incremental cost constipation £555.58
Hjalte et al.12 Incremental cost constipation £42.16

OIC, opioid-induced constipation.

Table 6. Base case results.

Cost (£)

OXN OXY Difference

Pain therapy 751.64 546.53 205.11
Laxatives 0.43 1.72 �1.29
Other resource costs 121.00 165.14 �44.14
Total 873.07 713.39 159.68
QALY 0.4152 0.3878 0.0273
ICER £5841.56

QALY, quality-adjusted life-year; ICER, incremental cost-effectiveness ratio.
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status as utility values were calculated according to treat-
ment arm, rather than health state, in the base case anal-
ysis. When more extensive sensitivity analysis was
undertaken on the mapping functions and utility values,
the ICER remained under £11,000. Each of the sensitivity
analyses on the cost of constipation gave an ICER
where OXN was dominant, meaning a total cost saving
to the UK is possible if the cost of treating OIC is suffi-
ciently high.

Probabilistic sensitivity analysis

Most of the 10,000 Monte Carlo simulations of the PSA
gave an increase in both costs and QALYs. To determine
whether the additional benefits are worth the additional
cost, the analysis compared the ICERs with the accepted
thresholds for cost effectiveness. Figure 3 shows a cost-
effectiveness acceptability curve, based on the Monte
Carlo simulations and the thresholds usually applied in
the UK. The curve shows that the estimated probability
of OXN being cost effective is 96.6% at the £20,000
threshold.

Figure 4 shows the cost-effectiveness plane. The confi-
dence intervals (CIs) were based on calculating the

percentiles of the expected net value. The upper 95% CI
of £23,633.92 is still within the £20,000–30,000 thresh-
old37 often applied in the UK.

Discussion

This cost-utility model demonstrates that treatment with
OXN generates an ICER well below the commonly applied
thresholds in the UK. The ICER is similar to that gener-
ated in a previous cost-utility model of OXN compared
with OXY38. However, the improved methodology of the
current model makes the results more robust. For example,
the current model applied the SF-36 quality of life results
from the study by Simpson et al.14 rather than using quality
of life inputs from other published sources. In addition, the
health state of constipation was more accurately defined:
rather than using laxative intake to determine whether
patients had constipation, the current model applied BFI
values to determine the constipation health state (consti-
pated vs. non-constipated). The BFI is a fully validated
scoring system and extensive research was undertaken to
determine the cut-off value of 428.8 that indicates
constipation17,18.

Table 7. Results of sensitivity analyses.

Sensitivity analysis Incremental
cost (£)

Incremental
QALY

Incremental
ICER (£)

Key variables
Incremental utility values OXY �25% 159.68 0.0205 7788.75
Incremental utility values OXY þ25% 159.68 0.0342 4673.25
Total weekly dose of OXY/OXN �25% 108.08 0.0273 3953.91
Total weekly dose of OXY/OXN þ25% 211.28 0.0273 7729.21
Treatment duration (weeks) �25% 118.43 0.0191 6198.47
Treatment duration (weeks) þ25% 197.18 0.0348 5663.50
Probability of constipation in OXY group �10% 176.20 0.0273 6445.68
Probability of constipation in OXY group þ10% 143.17 0.0273 5237.45
Probability of constipation in OXN group �10% 147.58 0.0273 5398.92
Probability of constipation in OXN group þ10% 171.78 0.0273 6284.21
Cost of additional resources for constipated patients �25% 170.72 0.0273 6245.23
Cost of additional resources for constipated patients þ25% 148.65 0.0273 5437.90
Cost of laxatives �25% 160.01 0.0273 5853.36
Cost of laxatives þ25% 159.23 0.0273 5824.85

Mapping functions
Rowen et al.21 unadjusted for baseline 159.68 0.0263 6080.47
SF-6D mapping equation (Brazier et al.33) 159.68 0.0230 6939.44

Constipation utility values
Non-advanced illness34 159.68 0.0525 3043.24
Uncontrolled chronic functional constipation35 159.68 0.0401 3979.63
Controlled chronic functional constipation35 159.68 0.0154 10347.03
Cancer patients with OIC36 159.68 0.0370 4311.26
Average utility value from the literature 159.68 0.0363 4402.99

Cost of constipation
Kwong et al.10

�2771.97 0.0273 OXN dominant
Iyer et al.11

�4254.70 0.0273 OXN dominant
Hjalte et al.12

�134.54 0.0273 OXN dominant

QALY, quality-adjusted life-year; ICER, incremental cost-effectiveness ratio; OIC, opioid-induced constipation.
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Figure 4. Cost effectiveness plane.
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Figure 3. Cost effectiveness acceptability curve for the OXN utility model.
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The incremental gain in QALYs, based on the SF-36
results mapped to EQ-5D, implies that patients treated
with OXN in real-world clinical practice will experience
a quality of life gain. There are two large non-interven-
tional studies in the real-world treatment setting that sup-
port improvements in quality of life for patients with
chronic pain receiving OXN39,40. Schutter et al. reported
that 2023 patients had a 43% improvement in their mean
overall quality of life scores (measured using the Brief Pain
Inventory social interference from pain domains) after 4
weeks’ treatment with OXN39. Rychlik et al. prospectively
followed 757 patients with chronic back pain for 6
months40. They were divided into two cohorts: one
received OXN and the other received other strong
(World Health Organization step III) opioids. At 6
months, direct treatment costs were lower in the OXN
cohort and there was a QALY gain compared with the
cohort taking other strong opioids. This resulted in OXN
dominating the other strong opioids.

Limitations

In the base case, estimated constipation costs were based
on data collected from a survey of UK primary care physi-
cians25; no other sources of UK costs could be identified.
Applying results from other studies that estimate the cost
of constipation showed the sensitivity of the model to the
cost of treating constipation and the potential for substan-
tial cost savings. The sensitivity analyses included US and
Swedish costings, which were significantly higher than the
UK costings10–12. The US costings are based on insurance
registry data and the Swedish costings on patient case his-
tories, therefore both may be more accurate. In addition,
the UK costings were based on the perceptions of primary
care physicians; other groups of healthcare professionals,
particularly community-based nurses and secondary care
specialists treating constipation, may report different
resource use and costs. The survey of primary care physi-
cians did not explicitly define the duration of treatment
and subsequent resource use per unit of time. Given that
the cost of managing constipation could substantially alter
the cost-effectiveness results and the applied UK costings
may be an underestimate of the true cost, it is possible that
with more accurate UK-derived data, OXN could become
dominant (i.e., cost saving to the UK NHS) when com-
pared with OXY. The non-interventional study comparing
OXN with other strong opioids suggests that these savings
are also likely to be demonstrated in the real-world set-
ting40. The model may have further underestimated the
cost effectiveness of OXN by assuming that patients’ BFI
and quality of life remains at the level seen at week 12 of
the study by Simpson et al.14 for the duration of treatment.
However, data collected during an extension phase of the
study show that the BFI score continues to improve up to

12 months of treatment26, again suggesting that OXN may
be more cost effective than in the current model. A poten-
tial area for future research is to develop parametric sur-
vival curves to more accurately estimate the treatment
benefits beyond 12 weeks.

One additional limitation of this model is that the
health state was based on constipation, the most
common side-effect of opioid treatment. However, OXN
may counteract other aspects of OIBD (such as abdominal
pain, cramping and bloating) that may require additional
healthcare resources. It is therefore possible that a model
examining all aspects of OIBD, rather than just constipa-
tion, may show a greater incremental QALY gain from
OXN compared with OXY. Also, the analysis was focused
on non-malignant pain, but in broad terms the model and
results could potentially be applied to other areas such as
malignant pain. Given that OIC can impact on patients’
productivity4–6, an important area of future research is to
develop a health economic model from a societal perspec-
tive, in which the potential increased productivity associ-
ated with OXN treatment is assessed.

Appropriateness of the comparator

For a health economic analysis to be relevant it is imper-
ative that the comparator is representative of standard
clinical practice. Identifying the appropriate comparator
is always a challenge in the area of treating OIC. This
analysis used OXY as a comparator and allowed rescue
laxative use in both treatment groups. Changing the com-
parator to OXY and regular laxatives was discounted for
the following reasons. Firstly, there is limited evidence on
laxatives for the management of constipation41. Secondly,
there is a lack of UK guidelines on the treatment of OIC,
particularly in patients with non-malignant pain. Those
guidelines that do exist (for palliative care42 and patients
with malignant pain43) recommend the use of a stimulant
and a softener, but acknowledge that this recommendation
is based on ‘common sense’ rather than evidence. Thirdly,
it seems that these guidelines are seldom followed.
Information from the UK-based General Practice
Research Database showed that between January 2004
and May 2009, only 3% of patients prescribed an opioid
were prescribed concomitant laxatives44. An audit of clin-
ical practice in Fife, Scotland showed that primary care
physicians’ prescribing habits did not change following
publication of guidance that stated that patients receiving
opioids must have access to regular prophylactic laxa-
tives45. In the 6 months before and the 18 months after
publication of the guidance, 98% of prescriptions for
patients needing opioids were written for the opioid
alone (i.e., laxatives were not prescribed)45. Even when a
laxative is prescribed, it is highly likely that patients ‘indi-
vidualise’ their regimen, rather than take them every day.
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This means that the pattern of laxative use permitted in
the study by Simpson et al.14 (largely individualised due to
patients’ monitoring of bowel movements, and judgement
of constipation and related discomfort, triggering the use of
rescue laxative under protocol-specified conditions) may
not differ greatly from that observed in clinical practice. In
addition, the regular use of a stimulant and softener may
result in significant side-effects caused by over-laxation in
some patients. This would be of particular concern for
elderly patients, in whom dehydration and electrolyte
imbalance can add significant morbidity46. All of the
above issues with laxative therapy in OIC means there is
a need for innovative therapies like OXN that fundamen-
tally reduce the probability of constipation developing in
the first place. The laxative regimen used in the study was a
stimulant laxative taken as rescue medication as defined by
the study protocol, in addition to any existing and stable
doses of fibre supplementation or bulking agents. On bal-
ance, it therefore appears to be an accurate reflection of
laxative use in UK clinical practice. This means that the
favourable cost-effectiveness ratio for OXN is based on a
relevant comparator.

Conclusions

This cost-utility analysis examined patients with non-
malignant pain suffering from OIC and was based on
common UK clinical practice. The base case analysis
showed slightly higher direct costs for OXN but this was
accompanied by a quality of life gain, meaning that OXN
demonstrates cost effectiveness at the commonly applied
threshold. There is good evidence for a sufficient quality of
life gain to offset the cost of OXN, with all sensitivity
analyses resulting in ICERs below the commonly applied
threshold. However, there is still a lack of clarity about the
incremental cost of OXN given the uncertainty around the
costs of treating OIC. A number of plausible scenarios
explored within the sensitivity analysis showed that
OXN was cost-saving (dominant). Overall, assuming a
threshold of £20–30,000, OXN is estimated to be a cost-
effective option for managing OIC in patients with severe
non-malignant pain.
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