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Introduction

One of the key clinical issues explored in the osteoarthritis guideline update related to its
pharmacological management since current practice varies widely nationally. It is estimated
that most patients will receive paracetamol as a first line drug treatment. Remaining patients
will be prescribed an opioid or a non-steroidal anti-inflammatory drug (NSAID). A growing
proportion of patients are also being prescribed topical NSAIDs, though these can be
purchased over the counter.

Based on the clinical evidence, the guideline committee decided not to recommend
paracetamol for the management of osteoarthritis. It was agreed therefore that the
opportunity cost of withdrawing paracetamol would be investigated via a health economic
evaluation, looking specifically at the costs and Quality-adjusted life-years (QALYs)
associated with each treatment alternative.

The previous guideline model included individual NSAID drugs with and without PPls,

combination formulations of NSAIDs with PPIs and paracetamol. The committee were

specifically interested in drug classes and this model therefore considered the following:
e Paracetamol

Oral NSAIDs plus PPIs

Oral NSAIDs alone

Topical NSAIDs

Strong oral opioids

Transdermal buprenorphine

Drug classes range from £20 - £100 per month at a minimum cost of the maximum dose.
This guideline does not recommend long-term use, but the committee acknowledge there are
instances where they are used long-term and would therefore accrue a lifetime cost.

The committee is concerned that there is a limited effectiveness for some of these drug
classes. Furthermore, each drug class is thought to be associated with different harms.
Therefore, there is potential for disinvestment in some drug classes for people with
osteoarthritis. The committee noted that most of the oral drug classes will have a similar
average cost to each other but noted that if one of the least expensive drug classes was not
to be recommended and another slightly higher cost class of treatments were to be positively
recommended, there could be a significant resource impact given the size of the
osteoarthritis population. The committee noted that topical and transdermal medicines are
significantly more expensive than oral medicines on the whole.

Given the different benefits and harms associated with each drug class as well as differences
in drug costs, it is likely to be difficult to fully assess which is the most cost effective without
an economic model quantifying the costs and QALYs associated with different adverse
events.
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Methods

Model overview

A cost-utility analysis was undertaken where lifetime quality-adjusted life years (QALYs) and
costs from a UK NHS and personal social services perspective were considered. The
analysis followed the standard assumptions of the NICE reference case for interventions with
health outcomes in an NHS setting, including discounting at 3.5% for costs and health
effects.”® An incremental analysis was undertaken.

2.1.1 Comparators

The following comparators were included in the analysis:

No treatment: patients do not have drug treatment for their osteoarthritis.
Paracetamol

Oral NSAIDs plus PPIs

Oral NSAIDs alone

Topical NSAIDs

Strong oral opioids

Transdermal buprenorphine:

Patients take one drug for a treatment duration of three months.

NoOR®DND =

2.1.2 Population
The population of the analysis was adults with osteoarthritis.

In the base case analysis, the model was run using a starting age of 60 for men and women.
This was based on the weighted average for age from the trials applicable to the base case
analysis that were used to calculate age-related utilities. In the same manner, the ratio of the
proportion of males to females were calculated as 0.35:0.65.

Approach to modelling

The aim of the model is to quantify the trade-off between improved quality of life due to
intervention effectiveness and both cost and decreases in quality of life resulting from
increased risks of adverse events. The costs and QALY's associated with each intervention
were therefore calculated.
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2.2.1 Model structure
A Markov model was constructed to calculate lifetime costs and QALYs for each comparator.

In a Markov model, a set of mutually exclusive health states are defined that describe what
can happen to the population of interest over time. People in the model can only exist in one
of these health states at a time. Possible transitions are defined between each of the health
states and the probability of each transition occurring within a defined period of time (a cycle)
is assigned to each possible transition.

Figure 1 illustrates the health states in the model and transitions between them in each cycle.
A 3-monthly cycle length was used. A cohort of people entered the model for each individual
intervention at which point they were exposed to the intervention-specific risk of adverse
events.

The different adverse events can be broadly categorised into two: acute and chronic. The
acute adverse events are transient and last for one cycle only. For those acute adverse
events related to the gastro-intestinal system (bleeding, dyspepsia, symptomatic ulcer,
constipation, nausea, vomiting) and central nervous system (vertigo) the person moves to
the ‘no treatment’ state post-event.

The remaining acute adverse events (cardiovascular (CV), acute liver failure (ALF), acute
kidney injury (AKI)) were set up as tunnel states where people move automatically to the
post-event state in the following cycle (unless they die). This means that repeat
cardiovascular events were not explicitly modelled, which was considered a reasonable
simplification for modelling purposes.

Each adverse event was associated with a unique utility decrement, cost and probability of
death. This model was run for 240 cycles (60 years) by which time everyone in the model
was in the dead state, regardless of which treatment comparator they were allocated.

The model structure was the same for each comparator. Drug treatments were taken for one
cycle only (3 months), and each treatment had its own treatment effectiveness (measured as
change in EQ-5D), drug costs and probabilities of adverse events. This resulted in different
total costs and total QALY for each comparator. Comparing these results allowed us to
identify whether each individual treatment was cost effective compared to no treatment and
also how they compared against each other.

Figure 1. Model structure

Drug treatment (no adverse events)

P

Gl: bleeding, (Acute) CV events (Post) liver transplant
dyspepsia, ulcer,
constipation,

nausea, vomiting (Post) CV events (Acute) liver disease
CNS: vertigo

No treatment (no adverse events)

Gl: bleeding, (Acute) CV events (Acute) liver disease
dyspepsia, ulcer,

constipation, P
(Post) CV events - (

nausea, vomiting Post) liver transplant

CNS: vertigo
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Abbreviations: AKI= acute kidney injury; CNS= central nervous system; CKD= chronic kidney disease; CV=
cardiovascular; GI= gastrointestinal

2.2.2 Uncertainty

The model was built probabilistically to take account of the uncertainty around input
parameter point estimates. A probability distribution was defined for each model input
parameter. When the model was run, a value for each input was randomly selected
simultaneously from its respective probability distribution; mean costs and mean QALY's
were calculated using these values. The model was run repeatedly — 10,000 times for the
base case and for each sensitivity analysis — and results were summarised.

To ensure the number of model runs was sufficient to account for random variation in
sampling, we checked for stability in the incremental net health benefit gained for each
intervention versus no treatment. The incremental net health benefit is a summary statistic
based on incremental QALYs, incremental costs and the cost effectiveness threshold that
highlights the change in population health resulting from the introduction of a new
intervention. This was done by plotting the number of runs against the mean outcome at that
point (see example in Figure 2) for the base-case analysis. Convergence was assessed
visually, and all had stabilised before 10,000 runs.

Figure 2. Checking for convergence: incremental net health benefit versus no
treatment at a threshold of £20,000 per QALY

Paracetamol
0.030
0.020
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0.000 T T T T \
2000 4000 6000 8000 10000
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-0.020 A
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-0.040 -
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The way in which distributions are defined reflects the nature of the data, so for
example event probabilities were given a beta distribution, which is bounded by
0 and 1, reflecting that the probability of an event occurring cannot be less than
0 or greater than 1. All of the variables that were probabilistic in the model and
their distributional parameters are detailed in Table 1 and in the relevant input
summary tables in section 2.3. Probability distributions in the analysis were
parameterised using error estimates from data sources.
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Table 1: Description of the type and properties of distributions used in the
probabilistic sensitivity analysis

Type of
Parameter distribution Properties of distribution
Probability of adverse Beta Bounded between 0 and 1. As the sample size and the
events number of events were specified alpha and beta
values were calculated as follows:
e Alpha = (number of patients having the event)
Beta = (total number of patients) — (humber of patients
having the event)
Probability of first Dirichlet Fitted to multinomial data. Represents a series of
cardiovascular event conditional distributions, bounded on 0-1 interval.
Derived by the number of patients in the sample and
the number of patients in a particular subgroup.
Odds ratios Lognormal The natural log of the mean and standard error were
Hazard ratios calculated as follows:
Standardised mortality e Mean = In(mean cost) - SE?/2
ratios e SE = [In(upper 95% CI) - In(lower 95% CI)]/(1.96%2)
Risk ratios This formula includes a correction to ensure the mean

generated in the probabilistic analysis will be the same
as the reported mean. 7

Utilities Beta Bounded between 0 and 1. Derived from mean and its
standard error, using the method of moments.
Alpha and Beta values were calculated as follows:
Alpha = mean?x[(1-mean)/SE2]-mean
Beta = alphax[(1-mean)/mean]

Utility decrements Gamma Bounded at 0, positively skewed. Derived from mean
Costs and its standard error.

Outcome measures Alpha and beta values were calculated as follows:
(WOMAC, SF-36, e Alpha = (mean/SE)?

VAS)

e Beta = SE2/Mean

Abbreviations: 95% Cl= 95% confidence interval; SE= standard error; SF-36= 36-item short-form survey;, VAS=
visual analogue scale; WOMAC= Western Ontario and McMaster Universities Osteoarthritis Index.

In addition, various scenario analyses were undertaken to test the robustness of model
assumptions. In these, one or more inputs were changed, and the analysis rerun to evaluate
the impact on results and whether conclusions on which intervention should be
recommended would change. Details of the scenario analyses undertaken can be found in
2.5 Sensitivity analyses.

The following variables were left deterministic (that is, they were not varied in the
probabilistic analysis):

e The cost-effectiveness threshold

e Drug prices

¢ Unit costs and resource use for healthcare (except for cardiovascular and hip fracture
costs where the source literature reported standard errors)

o Excess mortality resulting from acute non-bleeding gastrointestinal events and vertigo
since these were zero in the base case.

Model inputs

Model inputs were based on clinical evidence identified in the systematic review undertaken
for the guideline, supplemented by additional data sources as required. Model inputs were
validated with clinical members of the guideline committee. A description of sources,
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calculations and rationale for selection can be found below. A full list of inputs and their
probabilistic parameters is provided in Appendix B.

2.3.1 Baseline adverse event probabilities

2.3.1.1 Gastrointestinal bleeds

The probability of gastrointestinal (Gl) bleeds in the no treatment arm was taken from all
relevant trials between oral NSAIDs alone and no treatment, oral NSAIDs with PPIs and no

treatment and oral NSAIDs with PPl and oral NSAIDs alone. 11 4. 15,21, 37-41, 48, 49, 53, 54, 58, 80-84,
88, 89, 92, 100

2.3.1.2 Gastrointestinal non-bleeding events

The non-bleeding gastrointestinal symptoms most frequently observed in clinical trials with
strong oral opioids and transdermal buprenorphine were constipation, nausea and vomiting.
These were therefore grouped together as associated with opioids for the model. The
baseline probabilities for each were calculated by taking a weighted average of the number
of patients reporting the events in the no control arm over a 3-month period (see Table 2).
Only those opioid-related trials that were listed in the clinical review for the relevant
gastrointestinal non-bleeding events were included.

Table 2. Number of patients in the control arm of opioid-related clinical trials reporting
adverse events of constipation, nausea, vomiting or vertigo

Study Duration N (control) Constipation Nausea Vomiting Vertigo
Afilalo 2010 3 months 337 22 23 11 16
Serrie 2017 3 months 337 31 21 13 29
Breivik 2010 6 months 91 5 10 2 18
Total - 765 58 54 26 63
Percentage - 7.6% 71% 3.4% 8.2%

There were two adverse events commonly reported with oral NSAIDs, dyspepsia and
symptomatic ulcer. Baseline probabilities were calculated in the same manner as described
above with opioids but using the control arm of trials comparing NSAIDs with placebo (Table
3).

10
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Table 3. Number of patients in the control arm of oral NSAID-related clinical trials
reporting adverse events of dyspepsia or symptomatic ulcer

Study Duration N (control) Dyspepsia Symptomatic ulcer
Bocanegra 1998 3 months 91 35 3
Amundsen 1983 3 months 52 1

Andelman 1983 3 months 10 0

Anonymous

1983 3 months 599 0

Baerwald 2010 3 months 30 0

Bakshi 1991 3 months 106 0

Bensen 1999 3 months 203 1 0
Couto 2018 3 months 409 3 0
Dore 1995 3 months 86 0

Essex 2012 3 months 66 1

Essex 2014 3 months 61 1

Famaey 1976 3 months 20 6

Fleischmann

2006 3 months 94 0

Ghosh 2007 3 months 126 6 0
Golden 2004 3 months 155 0 0
Gordo 2017 3 months 79 2

Hubault 1976 3 months 9 7

Kageyama 1973 3 months 43 0

Karakaya 1977 3 months 5 0

Kivitz 2001b 3 months 218 0

Kivitz 2004 3 months 208 0

Leung 2002 3 months 56 16 0
Lopez sanchez

1983 3 months 10 0

Lund 1998 3 months 137 4

Makarowski

2002 3 months 117 0 0
Paul 2009 3 months 141 0

Pincus 2004 3 months 289 5 0
Puopolo 2007 3 months 111 0

Sandelin 1997 3 months 82 0

Schmitt 1999 3 months 56 0 0
Schnitzer 2011A 3 months 257 0 0
Schnitzer 2011

B 3 months 416 11 0
Schubiger 1980 3 months 34 0 8
Scott 2000 3 months 303 0 0
Sheldon 2005 3 months 382 0 0
Tannenbaum

2004 3 months 243 9 0
Wasselman

1984 3 months 14 0

11
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Study Duration N (control) Dyspepsia Symptomatic ulcer
Wiesenhutter

2005 3 months 104 0

Yocum 2000 3 months 157 0

Total - 5,579 108 11

Percentage - - 1.9% 0.35%

Note that the probability of symptomatic was based on only those trials that reported for ulcer (number
of participants= 3,137)

2.3.1.3 Cardiovascular events

There were eight health states linked to cardiovascular (CV) events in the model: stable
angina (SA), unstable angina (UA), myocardial infarction (MI), transient ischaemic attack
(TIA), non-fatal stroke, death resulting from CHD and death resulting from CVD. These were
the health states applied to CV events in the model for the NICE hypertension guideline and
the committee agreed that they would also be relevant for a model in the osteoarthritis
population.

The three-monthly transition probabilities for each individual CV event were calculated
following the methodology used in the hypertension guideline model 5, taking into account:

e The overall rate of CV events ¥

¢ The relative distribution of the individual CV events that make up this overall rate, which
were taken from the QRISK2

e Information about CV events not included in QRISK2 (i.e., heart failure)?®

Transition probabilities therefore changed over time because of two reasons: firstly, within
the overall risk of any CV event, the breakdown of which event is more or less likely varied
with age and sex. Secondly, the overall risk of any CV event increased with each cycle as
the cohort aged, as age is the main determinant of risk (Table 4).

Table 4. Incidence rates of cardiovascular events

Age Total incidence rate of CV events HF incidence rate
Male

45-54 0.0042 0.0003
55-64 0.0137 0.0017
65-74 0.0243 0.0039
75-84 0.0375 0.0098
85+ 0.0426 0.0168
Female

45-54 0.0016 0.0001
55-64 0.0066 0.0007
65-74 0.0124 0.0023
75-84 0.0234 0.0059
85+ 0.0329 0.0096

Annual incidence rates were converted to 3-monthly probabilities using the following formula:
Where
Transition probability (P) =1-et r = selected rate
t = cycle length (0.25 years)

12



Osteoarthritis: assessment and management FINAL
Cost-utility analysis: Oral, topical and transdermal pharmacological treatments

Calculating the cardiovascular event-specific risk element

The relative distribution of first CV events that are included in the QRISK2 tool (SA, UA, MI,
TIA, stroke, CV death), were based on the same source as the Hypertension guideline
models: Ward 2007.% A rate for each event was calculated using this distribution combined
with an overall age/sex specific cardiovascular event rate (Ward 2007%).

Heart failure is not included in the QRISK2 tool but was included in the model. The incidence
rate of heart failure was also taken from the Lipids model (Cowie 19992%3).

The final probabilities for CV events are presented in Table 5.

Table 5: 3-month probability of cardiovascular events including heart failure

Age (years) SA UA Mi TIA Stroke HF CVD death
Male

45-54 0.00032 0.00011 0.00031 0.00006 0.00014 0.00007 0.00003
55-64 0.00112 0.00024 0.00059 0.00030 0.00071 0.00029 0.00016
65-74 0.00130 0.00050 0.00105 0.00061 0.00164 0.00059 0.00038
75-84 0.00179 0.00076 0.00151 0.00075 0.00321 0.00059 0.00075
85+ 0.00228 0.00102 0.00198 0.00017 0.00373 0.00059 0.00087
Female

45-54 0.00013 0.00005 0.00003 0.00006 0.00009 0.00001 0.00002
55-64 0.00054 0.00019 0.00013 0.00026 0.00038 0.00006 0.00009
65-74 0.00107 0.00023 0.00029 0.00029 0.00089 0.00012 0.00021
75-84 0.00118 0.00030 0.00071 0.00043 0.00223 0.00047 0.00053
85+ 0.00123 0.00028 0.00084 0.00081 0.00381 0.00035 0.00090

Abbreviations: HF= heart failure; MI= myocardial infarction;, SA= stable angina; TIA= transient ischaemic attack;
UA= unstable angina

2.3.1.4 Renal adverse events

Acute kidney injury

The incidence of acute kidney injury was taken from a study by Ali 2007.2 This was a
retrospective cohort study in Scotland based on 523,390 people from the area of Grampian.
The reported incidence rate was 2,147 cases per million person years, which was
subsequently converted to a 3-month probability.

Probability of progressing from AKI to stage 3-4 CKD

The clinical evidence is limited regarding the progression from AKI to stage 3-4 CKD. Arshad
2020 reported that 19% of a cohort of patients with AKI went on to develop CKD in one year.*
This was a one-year retrospective follow-up study of patients with septic acute kidney injury
that determined in what proportion of patients the injury resolved and what proportion it
progressed to chronic kidney injury This figure was converted to a 3-month probability and
used in the model.

Probability of progressing from CKD stage 3-4 to CKD stage 5

The baseline transition probability associated with the progression of CKD stage 3-4 to stage
5 CKD was taken from a ten-year cumulative incidence rate reported in a cohort study of
3,047 patients by Eriksen 2006. The patients in this study had an average eGFR of 55.1.
While this is higher than expected in patients with stage 4 CKD, it was utilised in the model in
the absence of data in patients with stage 4 CKD. The study reported the rate of progression

13
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in three different age groups: <69, 70-79, >80 years. It was therefore possible to define the
three-month probability of progressing from stage 3-4 CKD to stage 5 CKD as an age-group
dependant variable (Table 6) using the formula:

-LN(1 — 10 year rate)
40

This gave the 3-month rate which was then converted to a probability by exponentiating the
rate:

1—EXP(rate) x 1

In order to incorporate this age dependant variable, each probability is repeated three times
for each age category.

Table 6: Age dependant disease specific progression from Stage 3-4 to stage 5 CKD

<69 0.07 0.0018

70-79 0.04 0.0010

>79 0.03 0.0008
Abbreviations:

2.3.1.5 Hepatic adverse events
Acute liver failure

The incidence of acute liver failure was taken from a study by Weiler 2020%, which was
based on statutory health insurance data from the largest health insurance provider in
Germany between January 2014 and December 2018. The incidence of acute liver failure
was presented as a distribution by gender and across decades in age, for which data from 60
years onwards was extracted for use in the model. The incidence per 100,000 years as
reported in the study is presented below in Table 7 (note: these figures were manually read
and interpreted from a graph).

Table 7. Incidence of ALF per 100,000 years, by age and gender

60-69 0.75 0.73
70-79 1.2 1.15
80-89 1.25 1.57
90-99 0.75 1.91
100-109 0.00 1.99

These rates were converted to a 3-month probability for the model. It was assumed that the
probabilities after age 110 years remained constant.

The acute liver failure health state is an acute state meaning that patients remain for one
cycle only. After that, there are three possibilities: recovery and transition to the ‘no
treatment’ state, liver transplant and subsequent transition to the post-liver transplant health
or death.

14
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Liver transplant

It is reported in a review of acute liver failure (Stravitz 2012) that approximately 25% of the
people with acute liver failure will go on to have a liver transplant.®’ This probability was
applied to the acute liver failure health state in the model, and after factoring in mortality
resulting from the procedure, the remaining patients transfer to the post-liver transplant
health state, where they remain for the duration of the model time horizon.

2.3.1.6 Central nervous system adverse events

Vertigo was a commonly reported adverse event of the central nervous system with strong
oral opioids and transdermal buprenorphine. The baseline probability was calculated by
taking a weighted average of the number of patients reporting the events in the control arm
over a 3-month period (see Table 2).

2.3.2 Treatment effects - adverse events

The model focused on adverse events associated with treatment along with treatment
efficacy (see section 2.3.4). Adverse events data associated with drug treatment were taken
from the clinical review and applied to each cycle of the model for the relevant drug treatment
(see Table 8 below).

Table 8. Risk ratio of adverse events versus no treatment

o o Topical Strong Transdermal
Paracetamol NSAIDs NSAIDs . .
NSAIDs opioids buprenorphine
plus PPI alone
Gastrointestinal 2.32 2.99
(bleeding or 1.00 (0.81 to (2.13 to 1.00 1.00 1.00
perforation) 9.21) 4.19)
Gastrointestinal 1.17 1.63 226
(non-bleeding or  1.00 1.00 (0.39 to 1.00 (0.80 to (1'54 0 3.30)
perforation) 3.57) 3.28) ' '
2.51 1.15
Cardiovascular 1.00 (0.73 to (0.84 to 1.00 1.00 1.00
8.59) 1.56)
5.97
Hepatic (2.30 to 1.00 1.00 1.00 1.00 1.00
15.50)
2.67 1.96
Renal 1.00 (0.50 to (0.18 to 1.00 1.00 1.00
20.50) 20.80)
1.93
N 1 0 1.00 1.00 1.00 16710 248
system 2.24) (1.55 to 3.96)

2.3.3 Mortality

2.3.3.1 General population mortality

In each 3-month cycle, people in the no treatment arm in the model are at risk of death from
non-cardiovascular causes and so a proportion will transition to the dead state.

Transition probabilities for the no treatment arm were based on the Office of National
Statistics (ONS) life tables for England 2018-20.7° The proportion of deaths that are non-
circulatory were also taken from the ONS and applied to the mortality rates to determine the
non-CV mortality rate by age and gender.

15
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2.3.3.2 Adverse event mortality

Table 9. Excess mortality for acute adverse events

Gl bleeds 9.34%
Constipation 0%

Nausea 0%

Vomiting 0%

Vertigo 0%

Angina stable) Age- and sex-
Angina (unstable) specific.
Myocardial

infarction

Stroke

Transient

ischaemic attack

Heart failure

Acute kidney injury  18.2%

Acute liver failure 52%
(ALF)

Liver transplant 23.85%
resulting from ALF

Vertigo 0%

Abbreviations: Gl= gastrointestinal

Roberts 201277
Assumed

The distribution of CV
mortality was attributed
to individual health states
using data from QRISK2.
This was subsequently
applied to the incidence
of age- and sex-specific
CV events, which were
taken from Ward 2005.
Rates were then
converted to 3-month
probabilities.

James 201046
Bernal 201312

Dawwas 200730

Assumed to have no
effect of general
population mortality.

(a) Probabilities were fixed as these were zero values

16

Beta
Fixed(®)
Fixed(@)
Fixed(@)
Fixed(@)
Gamma

Beta
Beta

Beta

Fixed(@)
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Table 10. Mortality relative risks associated with chronic health states

Probability

Input Data Source distribution
Angina (stable) 1.95 Age-adjusted relative risk for death from any Log normal

cause in men with angina (compared to men

free from clinical CHD). 16-year follow-up.

Swedish general population sample.

Rosengren 199878
Angina 2.19 Weighted average of SMRs for UA/NSTEMI 1 Log normal
(unstable) year in those alive at 6 months with and

without new MI. UA/NSTEMI NICE guideline.5°
Myocardial 2.68 Average of SMRs for men and women. All- Log normal
infarction cause mortality after first non-fatal Ml

compared to that expected in the general
population. Danish population. Up to 15 years
follow up. Bronnum-Hansen 200118

Stroke 1.4 Average of SMRs for men and women. All- Log normal
cause mortality after first on-fatal stroke
compared to that expected in the general
population. Danish population. Up to 15 years
follow up. Bronnum-Hansen 200117

Transient 2.72 Risk ratio for mortality in people with TIA Log normal
ischaemic attack compared to that expected in those without

TIA (age and sex matched). UK population.

Mean of 3.7-year follow-up. Oxfordshire

Community Stroke Project. Dennis 199032

Heart failure 2.2 Based on the SMR used for the preserved Log normal
ejection fraction heart failure (HF-PEF)
population, where annual mortality from a trial
with an average of 4 year follow up was
compared to the general population annual
mortality for the same age group to derive a
crude SMR.%”

Chronic kidney Age- Eriksen 200634 Log normal
disease (CKD) dependent

stage 3-4 SMRs

Severe chronic Age- Villar 200793 Log normal
kidney injury dependent

(CKD) stage 5 SMRs

Liver transplant 2.3 Dawwas 20073 Log normal

Mortality associated with gastrointestinal bleeding

The mortality associated with gastrointestinal bleeding was taken from the previous
osteoarthritis model and is based on a study by Roberts 2012.7” This was a study that
reported on prognosis following upper gastrointestinal bleeds over 3 months in people of all
ages.
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Mortality associated with non-bleeding gastrointestinal events and vertigo

It was assumed there was no excess mortality associated with the following adverse events:
dyspepsia, symptomatic ulcer, constipation, nausea, vomiting and vertigo. The model only
factored in a disutility and a cost of treatment for these events.

Mortality associated with cardiovascular events

Patients in any of the CV adverse event states are at a higher risk of mortality than then
general population. This risk was implemented by applying relevant standardised mortality
ratios (SMRs) to the 3-monthly age-dependant general population mortality probabilities (all-
cause mortality). SMRs were identified from the NICE hypertension in adults guideline and
can be seen in Table 10. The SMRs were applied to both the acute event states and post
event states.

Mortality associated with renal events

The mortality from acute kidney injury is taken from the study by James 2010.4¢ This was a
large retrospective cohort study of 14,782 adults undergoing coronary angiography, of which,
1,420 patients had contrast induced AKI. The study divided AKI into three stages and
reported the probability of death for each stage. A weighed average of the probability of
death in all three stages (18.2%) was used in the model for AKI.

The mortality associated with CKD stage 3-4 is taken from the study by Eriksen 2006.3* The
study provides an age and sex-dependent standardised mortality ratio (SMR) that are
presented in Table 11. SMRs were then multiplied by the age dependant mortality from the
life tables (standard UK mortality rates by age) provided by the Office of National Statistics.
Mortality is applied at each cycle prior to the transition probabilities for the other health states

Table 11. Age dependent SMRs in stage 3-4 CKD for men and women by age

Age category (years) Men (SMR) Women (SMR)
<69 3.6 2.7
70-79 24 1.8
>79 23 2.1

Abbreviations: SMR= standardised mortality ratio

Death from stage 5 CKD was taken from Villar 2007%, where age-dependant SMRs were
reported, which are presented in Table 12.

Table 12: Age dependant standardised mortality ratios for Stage 5 CKD

Age Category (years) Men (SMR) Women (SMR)
18-64 8.88 13.86
>65 4.88 7.96

Abbreviations: SMR= standardised mortality ratio
Mortality associated with hepatic events

The mortality associated with acute liver disease was reported as 52% in Stravitz 2012%,
which was applied in the model.

The mortality for the acute and post-liver transplant states for acute liver failure were taken
from Dawwas 2007.%° This was a multicentre cohort study based on two national databases
of all adults who underwent a first and single liver transplant in the UK, Ireland or the USA
between March 1994 and March 2005. Five-year mortality after liver transplant for acute liver
failure was reported as 34.1% in the UK and Ireland. Annual figures for mortality post-
transplant were also presented in a graph over that five-year period. For the purposes of the
model, it was assumed that mortality in year 1 was equivalent to the acute liver transplant

18



Osteoarthritis: assessment and management FINAL
Cost-utility analysis: Oral, topical and transdermal pharmacological treatments

health state and mortality between years 2-5 was equivalent to the post-liver transplant
health state.

The probability of death in the first year was estimated as 26% based on a reading of the
graph in Dawwas 2007. The probability of death in years 2-5 was 10.9%. This probability was
transformed into a rate and compared to the average mortality rate in the general population
with the corresponding age. This enabled the calculation of the standardised mortality ratio
(SMR) that was used in the model to calculate the probability of death in the chronic state.
The mortality in the first year from the graph was transformed into a 3-month mortality
assuming that all the acute deaths occur in the first three months whereas in the other
months, the mortality was as for the chronic state.

2.3.4 Utilities

Quality Adjusted Life Years (QALY) are the key outcome of the model. However, there are
few trials reporting utility scores, which would be needed to calculate QALYs. There are two
key areas for which quality of life data is important in the model. These are:

o efficacy of the different treatments (2.3.4.1 t0 2.3.4.4) and
o the adverse events profile of the different treatments (0).

2.3.4.1 Calculating treatment efficacy

In the model base case, EQ-5D scores for all interventions were mapped from SF-36 or
WOMAC scores. For studies that reported SF-36 data, the mean for each summary/domain
score along with the standard deviation were extracted for the baseline and any subsequent
time points, for both the intervention and control groups.

For studies that reported WOMAC scores, both the total WOMAC score and the subscale
scores along with the standard deviations were extracted for the baseline and any
subsequent time points, for both the intervention and control groups. One study did not report
the WOMAC stiffness subscale score, so it was instead calculated by subtracting the other
subscale scores from the total WOMAC score. For that study, the standard error was
assumed to be 20% of the subscale score.

VAS pain scores were also extracted from studies that were identified during the clinical
review and these were incorporated into utility calculations for a sensitivity analysis. If a study
did not report the baseline score or any other relevant data for the mapping algorithm such
as mean age/sex profile of participants, a weighted average of other studies where this was
reported was used instead.
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Mapping algorithms
Mapping SF-36 summary scores to EQ-5D

An algorithm by Price 2019 was chosen in the base case to convert from SF-36 physical and
mental component scores (PCS and MCS) to EQ-5D.” It focuses on an osteoarthritis
population and uses a UK population tariff for EQ-5D scores, thereby meeting the NICE
reference case. It has other advantages to such as many observations underpinning the results
(N=19,410 observations from 2,201 individuals) as well as the availability of a co-variance
matrix, which is useful when making its algorithm probabilistic. The advantage of a co-variance
matrix is that it enables interrelation between individual variables.

A scenario analysis used an algorithm by Lawrence 2004 instead.%° Although this algorithm
uses a general US population tariff to derive EQ-5D values, it also has many observations
underpinning the results (14,580 individuals, of which 7,313 were selected randomly for the
analytic sample and 7,267 were reserved for validation of the mapped scores) as well as a co-
variance matrix. Three regression models were used during mapping. Although the 6-variable
model had the best reported goodness of fit (R>=0.628) and predictive ability (Mallow’s C,=
22.1) of the three, the 2- and 3-variable models performed better in predicting the EQ-5D
scores across a range of disease areas. Since predicted scores were virtually identical
between the 2- and 3- variable models, the authors used the 2-variable model for subsequent
analysis, and this was the only model for which the variance-covariance matrix was published.
For these reasons the 2-variable model was used here during mapping.

A second scenario analysis was chosen in which an algorithm by Maund 2012 was selected.
5" This was a systematic review and cost-utility analysis, that derived the utilities by creating
a regression to map from SF-36 summary scores to the EQ-5D. The dataset used to
generate the regression was the SAPPHIRE trial (2008) %8, which was in a population with
rotator cuff disease (N = 200). The algorithm was based on a regression model using
individual-level data at 1,3 and 12 months. This dataset was preferred to the 3-month dataset
as the explanatory power and fit was better. There were five models to choose from, of
which, 3 were ordinary least squares (OLS) models, one was a tobit model and one was a
CLAD model. Of the OLS models, model 3 had the highest explanatory fit (adjusted
R?=0.4284) as well as the closest predicted EQ-5D score to the actual EQ-5D score and was
therefore chosen for mapping.

It should be noted that although the Price and Lawrence algorithms were originally intended to
convert SF-12 to EQ-5D, it is possible to map from either the SF-12 or SF-36 summary scores
to EQ-5D-3L since both utilise the same summary scores on the same scale.

Mapping SF-36 domain scores to EQ-5D

SF-36 domain scores were mapped to EQ-5D-3L (UK tariff) utility scores using a mapping
algorithm from Ara and Brazier 2008.2> Model 5 was chosen as it was one of two models that
accurately predicted the actual EQ-5D score, and of the two, it had the higher R2. This
algorithm only requires five of the eight domains: physical functioning, social functioning, role
limitation (emotionally), mental health, general health as well as the average age of the cohort.

Mapping WOMAC to EQ-5D

WOMAC scores were mapped to the EQ-5D-3L (UK tariff) in the base case using the
regression model from Wailoo 2014%, while a sensitivity analysis explored the effect of using
regression model E from Barton 2008.° The Wailoo 2014 model was based on 7,072
observations from 1,768 patients recruited in a registry study from 15 hospitals across Spain
who were either scheduled to undergo primary joint replacement surgery due to knee/hip
osteoarthritis or had received postoperative management. Of the available models, the five-
class mixture model was preferred due to its superior summary measures of fit (MAE, RMSE,
AIC and BIC). This model used the distribution of the EQ-5D UK value set to predict EQ-5D as
a function of the WOMAC subscale scores.
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The study by Barton 2008 mapped total WOMAC scores to EQ-5D using responses from
individuals taking part in the Lifestyle Interventions for Knee Pain (LIKP) study. Inclusion
criteria for the LIKP study were knee pain on most days over the past month, age greater than
or equal to 45 and a BMI greater than 28 kg/m2. The EQ-5D and WOMAC scores were
completed at baseline by 348 individuals and 259 individuals further completed responses at
6,12 and 24 months. Five models were developed, of which model E had the highest adjusted
R? (0.313) and the lowest MAE and RMSE (0.129 and 0.180, respectively) and was therefore
selected for mapping purposes.

A second sensitivity analysis used an algorithm by Price 2019 to assess the impact of the
above-mentioned algorithms on the cost effectiveness results.”® This algorithm is based on a
trial of patients with chronic pain of the knee suggestive of osteoarthritis in the UK (N=261) and
uses a UK tariff for conversions to EQ-5D. However, it should be noted that this algorithm has
not been externally validated, unlike the Wailoo and Barton algorithms. 4’

Mapping pain visual analogue scales (VAS) to EQ-5D

For studies that did not report WOMAC, SF36 or SF12 but did report VAS pain, change
scores and baseline scores were extracted along with standard errors. Some studies did not
report a baseline score, and here, it was assumed to be 6.5 since this was the average score
where studies did report a baseline.

The pain scores and their confidence intervals were mapped onto the EQ-5D-3L (UK tariff)
using the regression by Maund 2012. Note that the regression used by Maund was based on
a dataset using the VAS on a 0-100 scale. Since the maijority of trials reported VAS pain
using the 0-10 scale, all scores were extracted in accordance with a 0-10 scale and then
multiplied by 10 to convert them to the 0-100 scale.

Maund 2012 was a systematic review and cost-effectiveness analysis that created a
regression to map from VAS pain to the EQ-5D. The dataset used to generate the regression
was the SAPPHIRE trial (2008). The analysis with the largest population was used, which
was the analysis using patient-level data reported at 1, 3 and 12 months (n= 491, of which,
295 were in the estimation data set (60%), and 196 in the validation data set). The OLS
model that included the squared VAS interaction term was chosen as equations that include
interaction terms are generally considered more reliable. Although other models were also
available like TOBIT models, they did not report the R squared statistic which was needed
(see section 2.2.2 for further details).

The model goodness of fit was poor, with an R squared of 0.1. However, this was the only
mapping study identified that mapped VAS pain to EQ-5D without the need for further data.
This approach to calculating EQ-5D score for a cost effectiveness model has been used
elsewhere, most notably in a large acupuncture study.®® In this analysis, a variance
adjustment method was utilised to account for the additional uncertainty expected to arise
during mapping, represented by the low R squared. This method is explained in more detail
below.

Accounting for uncertainty in the regression weights

The coefficients in the mapping algorithms were themselves made probabilistic to account for
uncertainties in the mapping equations. Various methods were used but they all drew values
from a normal distribution.

Standard errors for the coefficients were reported with the Maund algorithms for SF-36 and
VAS pain, so these were used to make the values probabilistic. They were not reported with
the Barton algorithm, so they were assumed to be 20% of the point estimates. The Lawrence,
Price SF-12 and Price WOMAC as well as the Wailoo algorithms all had variance/covariance
matrices, and the Cholesky decomposition method was used to make the point estimates
probabilistic, accounting for the covariance between the algorithm coefficients.
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Accounting for uncertainty in mapping algorithms

It has been noted that the application of mapping algorithms, even probabilistically as
described above, can underestimate uncertainty. The most obvious explanation for the
variance underestimation of derived utilities is that there are important unmeasured predictors
in most mapping algorithms. This leads to a relatively high degree of unexplained variance of
utilities. In OLS based mapping algorithms, this is reflected as a relatively low R squared.

There were five OLS based mapping (Barton 2008 (WOMAC), Lawrence 2008 (SF-12/36),
Maund 2012 (SF-12/36), Maund 2012 (VAS) and Ara & Brazier 2008 (SF-36) algorithms used
in this model and a high level of unexplained variation was reported in all (that is, a relatively
low R squared). To account for this, an additional variance component was included in the EQ-
5D predictions.

Chan 2014 suggests methods that could be used to estimate the variance of mapped values,
by accounting for a low R squared in OLS-based mapping algorithms.?® Multiple methods are
suggested, but some are only possible if patient-level data is available. One simple method
that could be used to account for an artificially low variance of utilities because of a low R
squared, is to inflate the variance of the derived utilities by a factor of 1/R squared. This
estimator helps account for a low R squared but does not account for the uncertainty of the
regression coefficients. This adjustment has also been used in other studies using a mapping
algorithm for pain.®

This adjustment factor was applied to the variance of the mapped EQ-5D values for utilities
mapped from WOMAC using the Barton algorithm (adjusted R squared = 0.313), from the SF-
12/SF-36 using the Lawrence algorithm (R squared = 0.612) and Maund SF-12/36 algorithm
(adjusted R squared = 0.428), form SF-36 using the Ara & Brazier algorithm (R squared =
0.5856) and from VAS using the Maund algorithm (R squared = 0.101).

Trials reporting treatment efficacy
Studies reporting treatment outcomes with paracetamol

The clinical review found one study that compared paracetamol to no treatment.*® Treatment
outcomes were reported using the WOMAC scale at baseline and 6 months, which were all
extracted along with their associated standard deviations. The study did not report the
WOMAC stiffness subscale score, but this was calculated by deducting the sum of the pain
and physical function subscale scores from the WOMAC total score. The standard deviation
for the WOMAC stiffness score was assumed to be 20% of the point estimate.

Studies reporting treatment outcomes with oral NSAIDs plus PPI

There were no studies identified during the clinical review that reported non-VAS pain
outcomes. Therefore, the committee agreed it was reasonable to assume the change in utility
would be identical to that reported for NSAIDs alone, since the addition of PPlIs is intended to
mitigate adverse events and is not to give a treatment benefit.

Studies reporting treatment outcomes with oral NSAIDs alone

Studies that reported visual analogue scale (VAS) pain scores were not included in the base
case analysis. As a result, there were 4 studies identified that reported treatment outcomes
with NSAIDs alone versus no treatment. Of these, two reported SF-36 summary scores®' 81,
one reported SF-36 domain scores®, and the final study reported WOMAC scores.®®

Baseline SF-36 summary scores were not reported in either of the two relevant trials, therefore
these were assumed to be 30 for the physical component score on a scale of 0-100 and 50 for
the mental component score on a scale of 0-100. These values were chosen as they aligned
with what was reported in other trials in this model and in the guideline electroacupuncture
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model (see separate report). Standard deviations were assumed to be 20% of the point
estimates.

Studies reporting treatment outcomes with topical NSAIDs

There were eight studies in the clinical review that reported treatment outcomes for topical
NSAIDs versus no treatment. Of the seven studies, two did not report WOMAC stiffness and
WOMAC total scores® 8, which meant the reported outcomes could not be mapped to EQ-5D
since all mapping algorithms require either the total WOMAC score or all three subscale
scores. Of the six remaining studies 5 13.16.79.8.94 'weighted averages of WOMAC scores were
calculated based on the number of participants across the studies, which were then used in
the calculations for conversion to EQ-5D.

One study did not report the mean age of patients', so it was assumed to be 61 in line with
the model base case. Where total WOMAC scores were not reported, it was calculated by
summing up the WOMAC pain, stiffness and physical function subscales scores. The standard
deviation was assumed to be 20% of the point estimate.

Studies reporting on treatment outcomes with strong oral opioids

There were four studies reporting treatment outcomes over 3 months with strong oral opioids
versus placebo that were used in the model. Of these, two reported changes in EQ-5D"#', and
the other two reported SF-36 summary scores.3" 3¢

The baseline EQ-5D score was not reported in either of the two relevant trials and was
therefore assumed to be 0.5 since this was the mid-score.

Baseline SF-36 summary scores were also not reported in either of the two relevant trials,
therefore these were assumed to be 30 for the physical component score on a scale of 0-100
and 50 for the mental component score on a scale of 0-100. These values were chosen as
they roughly aligned with what was reported in other trials in this model and in the
electroacupuncture model.

Standard errors were not reported and in all these cases were assumed to be 20% of the point
estimates.

One study was identified that compared buprenorphine to no treatment. Treatment outcomes
were reported using the WOMAC scale at baseline and 6 months.

It was assumed that the change scores at 3 months was identical to those reported at 6
months, therefore the mapped EQ-5D scores were directly applied to a single model cycle.

Base case treatment efficacy

The resulting EQ-5D scores to be used in the base case are presented in
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Table 13 below.
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Table 13: EQ-5D-3L mapped over time by randomised trial

No treatment 0.400@ - -
Paracetamol 0.435 0.035 Wailoo 2014
Oral NSAIDs plus PPI 0.451®) 0.051 -
Ara & Brazier 2008,

Oral NSAIDs alone 0.451 0.051 Maund 2012,

Wailoo 2014
Topical NSAIDs 0.502 0.102 Wailoo 2014
Strong oral opioids 0.409 0.009 Price 2019
Transdermal 0.461 0.061 Wailoo 2014

buprenorphine

Abbreviations: NSAIDs= non-steroidal anti-inflammatory drugs; PPI= proton pump inhibitor
(a) Based on a weighted average of the baseline score in the no treatment arm across all trials
(b) Assumed identical to the value reported for NSAIDs alone in the absence of data

Age- and sex- specific utility values from the general population were used for the people in
the model (Ara 2010).

Utility multipliers for people with osteoarthritis were calculated separately for each treatment
and each gender as follows:

1. Mapping mean baseline SF-36 scores or WOMAC scores to EQ-5D using various
mapping algorithms in the placebo arm for all relevant trials.

2. Taking from Ara 2010 the general population utility scores according to the average base
case patient, which were 0.833 and 0.812 for males and females aged 61 years,
respectively

3. Dividing the former by the latter

These multipliers (Table 14) were then applied to the general population utility scores to give
age- and sex-specific utility values for people with each intervention. For example, for males
in the no treatment arm, the following calculation was applied: 0.400/0.833= 0.480.

Table 14. Derivation of osteoarthritis utility multipliers

No treatment 0.400 0.480 0.493
Paracetamol 0.435 0.523 0.536
Oral NSAIDs+PPI 0.451 0.550 0.565
Oral NSAIDs alone 0.451 0.550 0.565
Topical NSAIDs 0.502 0.603 0.619
Strong opioids 0.409 0.491 0.504
Transdermal 0.461 0553 0568

buprenorphine
Abbreviations: NSAIDs= non-steroidal anti-inflammatory drugs; PPI= proton pump inhibitor

2.3.4.5 Adverse event utilities

Comparative utility scores for adverse events are important in the model because the
adverse events associated with the different drugs are the key drivers of health effects as
well as costs. However, data for the utility scores required were sparse, largely because of
the time periods considered. Often utility scores are reported for adverse events without
being specific about the time periods the utility scores relate to. This is important because a

25



Osteoarthritis: assessment and management FINAL
Cost-utility analysis: Oral, topical and transdermal pharmacological treatments

utility score for a period after a Ml will be very different one year after the event compared to
one or two months after the event. For our model, we required average utility scores for the 3
months immediately after an event, as well as average scores for the longer term after an
event.

In the absence of scores for nausea, vomiting and vertigo, the utility applied to the adverse
event health state dyspepsia from the previous osteoarthritis guideline model was used as a
proxy. The gastrointestinal bleeds health state was present in the previous model, so this
utility score was carried over. Both utility scores were taken from a Canadian Coordinating
Office for Health Technology Assessment (CCOHTA) survey reporting 3-month utility scores
for various gastrointestinal adverse events associated with NSAIDs (Maetzel 2003).%

Utilities for CV events (and also for the post CV states) were taken from the NICE
Hypertension model (2009).5” Likewise, the utilities for renal-related health states were taken
from the NICE contrast-induced acute kidney injury (CI-AKI) model (2013)%", while utilities for
liver transplant and its post-state were taken from the NICE non-alcoholic fatty liver disease
(NAFLD) model (2016).%° It was assumed that the utility of acute liver disease was the same
as acute kidney disease in the absence of data.

The full list of utility multipliers for adverse events are shown in Table 15. These were
multiplied by age- and sex-specific utility scores for the osteoarthritis population for the
duration of the adverse event.

Table 15. Utility weights
Utility weight (1=0A, no

Adverse event Sy
complications)

Nausea 0.733
Vomiting 0.733
Gastrointestinal bleeds 0.459
Stable Angina (New Event) 0.808
Stable Angina (Post Event) 0.808
Unstable Angina (New Event) 0.770
Unstable Angina (Post Event) 0.808
MI (New Event) 0.760
MI (Post Event) 0.880
TIA (New Event) 0.900
TIA (Post Event) 0.900
Stroke (New Event) 0.628
Stroke (Post Event) 0.628
Heart Failure (New event) 0.683
Heart Failure (Post Event) 0.683
AKI 0.525
Moderate CKD 0.861
Severe CKD 0.798
ALF 0.525
Liver transplant 0.800
Liver transplant (Post event) 0.850
Vertigo 0.733

For the remaining adverse event health states, a utility decrement was applied instead to
age-specific utility scores (Table 16).
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Table 16. Utility decrements

Constipation -0.072

The utility decrement for constipation was taken from the NICE opioids in palliative care
model (2012), which derived the value from a SF-36 data from a systematic review of
constipation on quality of life in adults and children (Belsey 2010)."° The SF-36 data were
converted to EQ-5D using an algorithm published by Ara & Brazier 2008.3

The adverse events states for nausea, vomiting, vertigo and constipation were assumed to
last 2 weeks after which people reverted to their age and sex-related utility score.

2.3.5 Resource use and costs

2.3.5.1 Drugs
The cost of the different drug treatments were obtained from the Drug Tariff’?, with
doses based on Average Daily Quantities (ADQs) for the relevant indication taken
from the online BNF.5* A weighted average of drug class costs was used based on
prescription usages data between 2020/21 released by the NHS.”® The resultant drug
costs per cycle are presented in
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Table 17.
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Table 17. Drug costs per model cycle

No treatment = - -
Drugs used to treat symptoms of osteoarthritis
Paracetamol Paracetamol alone £0.26 £24.10
Aceclofenac, £0.19 £17.19
Celecoxib,
Diclofenac,
Diclofenac/misoprostol,
Etodolac,
Etorocoxib,
Ibuprofen,
Indometacin,
Mefenamic acid
Meloxicam,
Naproxen,
Naproxen/esomeprazole,
Diclofenac, £0.31 £28.40
Ibuprofen,
Ketoprofen,
Piroxicam
Morphine, £0.56 £51.23
Oxycodone,
Tapentadol,
Tramadol,

Transdermal . £0.89 £81.64
! Buprenorphine
buprenorphine

Oral NSAIDs

Topical NSAIDs

Strong oral opioids

Drugs used to prevent treatment side-effects

Esomeprazole, £0.12 £11.24
Lansoprazole,
Omeprazole,
Pantoprazole,
Misoprostol®@)
Drugs used to treat treatment side-effects

Esomeprazole, £0.06 (b)
C Lansoprazole,
Proton pump inhibitors
Omeprazole,
(PPIs)
Pantoprazole,
Rabeprazole
Bisacodyl, £0.22 £3.130
Lactulose,
Macrogol,
Senna
Betahistine, £0.22 £3.120)
Cinnarazine,
Cyclizine,
Prochlorperazine
Domperidone, £0.14 £1.920)

Metoclopramide
Abbreviations: NSAIDs= non-steroidal anti-inflammatory drugs; PPI= proton pump inhibitor

Proton pump inhibitors
(PPIs)

Laxatives

Treatment of vertigo

Anti-emetics
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(a) Misoprostol is a prostaglandin analogue, but for the purposes of this review has been grouped with the PPls

(b) Cost per cycle dependent on type of adverse event being treatment. For gastrointestinal bleeds, the daily cost
was multiplied by 42 days’ worth of treatment. For dyspepsia and symptomatic ulcer, the daily cost was
multiplied by 28 days supply. The treatment dose for PPIs was assumed to be maximum dose listed in the
British National Formulary.

(c) Based on a supply of 14 days treatment

2.3.5.2 Monitoring costs and osteoarthritis follow-up

It was assumed that all people with osteoarthritis attended annual follow-ups with their GP. In
addition to this, patients receiving NSAIDs or opioids were also assumed to attend an
additional appointment with their GP during the year, with patients receiving NSAIDs also
having an annual biochemistry test. The annual cost was divided by four to give a cycle cost.
The cost of a GP appointment was taken from the PSSRU 2020 %, and the cost of a
biochemistry test was taken from the NHS Reference Costs 2019/20.7

2.3.5.3 Adverse event costs

The costs of hospital resources (e.g., endoscopy) were taken from the NHS Reference Costs
2019/20.7 Staff costs were taken from the PSSRU unit costs 2020.%"

Cost of gastrointestinal bleeding

For gastrointestinal bleeding events, the methodology utilised in the previous OA guideline
model was followed. Here, a decision tree was used to estimate average cost per event,
based on assumptions made in the 2006 HTA paper on gastroprotection (Brown 2006)."®
Costs of each branch in the decision tree were calculated using HRG codes from the NHS
reference costs 2019/20.”* GP contacts and outpatient visits were assumed and included,
again based on data from the 2006 HTA paper on gastroprotection (Brown 2006)."° All
patients with a gastrointestinal bleed were assumed to have a helicobacter test.

Table 18. Gastrointestinal bleeding resource use description
Adverse event Resource use description

Gastrointestinal  Two GP consultations are assumed, with a PPI prescribed for 42 days. Those

bleeding event patients treated in the inpatient setting are assumed to have one outpatient
visit and a surgical procedure (including an endoscopy), or a therapeutic
endoscopy alone if surgery is not undertaken. Patients treated in the outpatient
setting are assumed to have two gastroenterology visits and a therapeutic
endoscopy.

EURGICAL MANAGEMENT

ET% MEDICAL MAMNAGEMENT
Eix
COMPLICATED Gl EVENT

QUTPATIENT MANAGEMENT
FE%

Abbreviations: GI= gastrointestinal; GP= general practitioner; PPI= proton pump inhibitor
The cost per event, along with the weighted average cost per event is reported in
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Table 19.
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Table 19. Cost associated with the management of gastrointestinal bleeds

Inpatient surgical £3,199
Inpatient medical £946

Outpatient £1,091
Weighted average cost of £1,581

gastrointestinal bleeds

Cost of non-bleeding gastrointestinal events and vertigo

For the adverse events constipation, nausea, vomiting and vertigo, a single GP consultation
along with a prescription for 14 days treatment was assumed. For dyspepsia and
symptomatic ulcer, a decision tree was used to estimate average cost per event, based on
assumptions made in the 2006 HTA paper on gastroprotection (Brown 2006)."
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Table 20. Dyspepsia and symptomatic ulcer resource use description

Dyspepsia It was assumed that in the majority of cases (98%) no further investigation was
undertaken after an initial consultation with the GP who prescribes a PPI for one
month. A small minority of patients are treated in an inpatient setting with an
endoscopy or as an outpatient with or without endoscopy.

MO INYESTIGATION
L

IMPATIEMT fAANAGERERNT
Gl ETMPFTOME ! DT EPEPEIA 24%

INVESTIGATION

QUTPATIENT MANAGEMENT wITH EMDOECOPYT

QUTPATIENT MANAGEMENT WITHOUT ENDOZCORY
435

Symptomatic Two GP consultations are assumed who prescribes a PPl is prescribed for one
ulcer month. Two gastroenterology outpatient appointments are also assumed with or
without an endoscopy.

INVEETIGATION "WITH ENDOZCOPY
2%
EYMPTOMATIC ULCER

——INYEETIGATION wITHOLUT ENDOECORY
%

Abbreviations: Gl= gastrointestinal; GP= general practitioner; PPI= proton pump inhibitor
The cost per event, along with the weighted average cost per event for dyspepsia and
symptomatic ulcer are reported in Table 21 and Table 22, respectively.

Table 21. Cost associated with the management of dyspepsia

No investigation £41
Inpatient £700
Outpatient endoscopy £700
Outpatient no endoscopy £391
Weighted average cost of £52

gastrointestinal bleeds

Table 22. Cost associated with the management of symptomatic ulcer

Outpatient endoscopy £1,090
Outpatient no endoscopy £391
Weighted average cost of £579

gastrointestinal bleeds

Cost of cardiovascular events

Sources of cost data were identified by reviewing sources used in other similar
cardiovascular models (NICE guideline or technology appraisal models or published
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economic models) and through non-systematic online searches to identify newer
publications.

Costs of stroke were based on Xu 2016, which undertook a patient level simulation using
audit data from the UK Sentinel Stroke National Audit Programme to generate estimates of
the financial burden of Stroke to the NHS and social care services. The estimates of costs
attributable to stroke from resulting health and social care provision, were estimated up to
five years after the first stroke. The total of 1 year and 5-year costs were reported, with NHS
and social care costs being reported separately. Recurrent strokes were also included in the
costs. For the event state cost in the model, the 1-year total costs from the study were used.
The 1-year costs included both local authority, NHS and private social care costs, as it was
not possible to disaggregate the two. The costs of the post stroke state was calculated by
dividing the average cost between years 1 and 5 by the average life years between years 1
and 5, in order to derive the cost per life year. The 5-year cost included only local authority
social care costs and NHS costs, as these were reported separately in the report. Since the
costs of stroke and post-stroke were presented as annual sums, to convert these to 3-
monthly cycle costs, the post-stroke cost was first divided by four to give a 3-monthly cost.
The additional cost associated with the first year after stroke was bundled into the acute
stroke state. This was achieved by taking the first-year cost of stroke and deducting the cost
of three 3-monthly post-stroke cycles from it.

Danese 2016 aimed to characterise the costs to the UK National Health Service of
cardiovascular (CV) events among individuals receiving lipid-modifying therapy.?® It was a
retrospective cohort study using Clinical Practice Research Datalink records from 2006 to
2012 to identify individuals with their first and second CV related hospitalisations (first event
and second event cohorts). Costs were reported for TIA, unstable angina, MI, and heart
failure. The study only included healthcare costs. Costs after each CV event were estimated,
and the incremental difference from the period before the first CV event was calculated. The
follow up period was 36 months after the event, with costs broken down into the first 6
months, and 7-36 months. The cost between 7-36 months was reported as annualised costs.
This was divided by four to reflect the cost of a cycle in the chronic state under the
assumption that the cost will remain constant over time. The cost between 0-6 months
reflects the acute costs and assumed to occur in the first cycle of the model. The 3-monthly
chronic cost was subtracted from the acute state cost to ensure the overall cost in the first six
months reflects the costs reported in the source.

All published costs above were inflated to 2019/20 costs using the Hospital & Community
Health Services (HCHS) Pay & Prices Index.?’

The cost for the stable angina event state was based on a weighted average of HRG codes
EB12A-D from the NHS reference costs 2019/20. The post-stable angina state was assumed
to cost the same as the post-unstable angina health state.

The costs assigned to the CV health states in the model are summarised in Table 23.

Table 23: Health state costs

State Cost (per cycle) Source

Stroke £12,941 Xu (2016)8 - SSNAP project inflated to
Post-stroke £1,728 2019/20

TIA £1,646 Danese (2016)?° inflated to 2019/20

Post-TIA £36

Myocardial infarction £4.427

Post-MI £253

Stable angina £687 NHS reference costs 2019/20.7# Total HRG's.

EB13. Weighted average of the complication
and comorbidity codes
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Post-stable angina £90 Assumed same as post unstable angina state.
Unstable angina £2,295 Danese (2016) inflated to 2019/20%°
Post-unstable angina £90

Heart failure £2,442

Post heart failure £232

Abbreviations: MI= myocardial infarction; TIA= transient ischaemic attack

Source/Note: All published costs that were inflated above were inflated to 2019/20 costs using the Hospital &
Community Health Services (HCHS) Pay & Prices Index®”

Cost of renal events

The cost of acute kidney injury was based on a weighted average of total HRG costs of AKI
from the NHS reference costs 2019/20(see Table 24 below).”

Table 24. Cost of acute kidney injury

LAQO7H Acute Kidney Injury with Interventions, with CC Score 11+ 2,477 £6,282
LAO7J Acute Kidney Injury with Interventions, with CC Score 6-10 3,727 £4,794
LAQO7K Acute Kidney Injury with Interventions, with CC Score 0-5 2,765 £3,828
LAQO7L Acute Kidney Injury without Interventions, with CC Score 12+ 9,437 £2,850
LAO7M Acute Kidney Injury without Interventions, with CC Score 8-11 20,958 £2,072
LAO7N Acute Kidney Injury without Interventions, with CC Score 4-7 34,676 £1,546
LAO7P Acute Kidney Injury without Interventions, with CC Score 0-3 24,807 £1,045
Pooled average £1,961

Cost of moderate chronic kidney disease (stages 3-4)

The cost of moderate and severe chronic kidney disease (CKD) was based on the NICE
contrast-induced acute kidney injury (CI-AKIl) guideline.®' The resource use assumption
underpinning that model were kept, and unit costs, staff costs and drug costs updated using
the National Reference Costs 2019/20, PSSRU 2020 and Drug Tariff November 2021
edition, respectively. The original model included HRG codes associated with vascular
access for renal replacement therapy for stage 5 CKD taken from the 2010/11 National
Reference Costs which were no longer present in the 2019/20 version. These costs were
therefore inflated to 2019/20 costs.

Costs associated with the CKD stages 3—4 include nephrology appointments, estimated
glomerular filtration rate (eGFR) measurements (consisting of one biochemistry and one
phlebotomy test), treatment for anaemia (with epoetin) and treatment with diuretics, (Table
25). The assumptions surrounding the resource use (e.g., the number of appointments), as
well as epoetin and furosemide requirements were all based on the acute kidney kidney
injury guideline (CG148).83
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Table 25. Cost of stage 3-4 CKD per 3-month cycle

Number of nephrologist appointments per 1 NICE 2013a8"

cycle

Cost of nephrology appointment £175 NHS Reference costs
2019/2074

Number of eGFR measurements per cycle 1 NICE 2013a8"

Cost of eGFR measurements £5.42 NHS Reference costs
2019/2074

Proportion of people with anaemia 9% NICE 2013a8"

receiving epoetin

Cost of epoetin per cycle £69 Calculation (a)

Proportion of people receiving furosemide 60% NICE 2013a8"

(stage 4 only)

Cost of furosemide per cycle £0.42 Calculation (b)

Total cost £250 Calculation (c)

Abbreviation: eGFR= estimated glomerular filtration rate

(a) Average cost of one unit of epoetin is £0.03 (Drug Tariff November 2021). Average weekly dose 1,788 units
(CI-AKI guideline model). Per cycle costs obtained by multiplying the weekly dose by the cycle length (in
weeks), then by the cost per unit and the percentage with anaemia.

(b) Cost of a 40 mg tablet of furosemide is £0.03 (Drug Tariff November 2021). Assumed dose is 40 mg per day
(NICE, 2013a). Total cost obtained by multiplying the cost for one tablet by the number of days in a cycle,
followed by the percentage receiving furosemide.

(c) Total cost of nephrology appointments, eGFR tests, epoetin and furosemide.

Cost of severe CKD (stage 5)
Patients who enter stage 5 CKD will, in addition to the drug costs outlined in
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Table 25, incur costs associated with either renal replacement therapy (RRT) or conservative
management (CM). They will also incur costs such as RRT access procedures, anaemia
management, specialist appointments, eGFR measurements and diuretics. The costs for
stage 5 CKD were calculated differently for cycle 1 and for cycle 2 onwards and are shown in
Table 26.

In cycle 1, patients are initiating treatment and therefore will be receiving care with increased
intensity. In this cycle, It was assumed that 90% of patients will be receiving RRT and 10%
will be on CM in line with the assumptions in the CI-AKI guideline.®'To estimate the cost of
RRT, a pooled average was taken from the NHS reference costs comparing national usage
of different treatment modalities with the costs per session of each modality.

Table 26: CKD Stage 5 Costs

Resource frequency Cost Source of cost
per
cycle
Patients on RRT - Cycle 1
Nephrologist appointment 1 per cycle £175 NHS Reference costs
2019/2074
eGFR 12 per cycle £65 NHS Reference costs 2019/20
& PSSRU 2020%" 74
Epoetin alpha 1788 units per week £257 Drug Tariff November 2021&
(£0.033 per unit) NICE 2013a?
Access procedure 1 (Haemodialysis: 79%; £1,421 NHS Reference costs
Peritoneal: 21%) 2019/2074
Pooled average cost of 36 per cycle £165
RRT (excluding APD and
CAPD)
Pooled average cost of 84 per cycle £77
APD and CAPD
RRT £6,049 Calculated®@)
Patients on Conservative Management (CM) — Cycle 1
Nephrologist appointment 1 per cycle £175 NHS Reference costs
2019/2074
Phone call 12 per cycle £73 PSSRU 2020%
Home visits 3 per cycle £76
eGFR 12 per cycle £65 NHS Reference costs 2019/20
& PSSRU 2020%" 74
Epoetin alpha 1788 units per week £257 Drug Tariff November 2021&
(£0.033 per unit) NICE 2013a6". 72
Patients on RRT cycle 2 onwards
Nephrologist appointment 2 per cycle £349 NHS Reference costs
(no initial consultation) 2019/2074
eGFR 12 per cycle £65 NHS Reference costs 2019/20
& PSSRU 2020%" 74
Epoetin alpha 1788 units per week £39 Drug Tariff November 2021&
(£0.033 per unit) NICE 2013a6". 72
Access procedure 0.15 per cycle £213 NHS Reference costs 2010/11
(Haemodialysis: 79%; (inflated to 2019/20 costs) 27:
Peritoneal: 21%) &
Pooled average cost 36 per cycle £165 NHS Reference costs
(excluding APD and CAPD) 2019/2074
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Pooled average cost of 84 per cycle £77
APD and CAPD

RRT £6,049 Calculated®@)

Patients on CM- cycle 2 onwards

Nephrologist appointment 2 per month £349 NHS Reference costs

(no initial consultation) 2019/2074

Phone call 12 per cycle £73 PSSRU 2020%"

Home visits 3 per cycle £76

eGFR 12 per cycle £65 NHS Reference costs 2019/20

& PSSRU 2020%" 74

Epoetin alpha 1788 units per week £257 Drug Tariff November 2021&
(£0.005 per unit) NICE 2013a6". 72

Cycle 1 90% RRT/10% CM £7,236

Cycle 2 onwards 90% RRT/10% CM £6,323

Abbreviations: APD= Automated Peritoneal Dialysis; CAPD= Continuous Ambulatory Peritoneal Dialysis; CM=

conservative management; e GFR= estimated glomerular filtration rate; RRT= renal replacement therapy

(a) RRT is calculated by multiplying the pooled average cost of either haemodialysis or peritoneal dialysis by the
frequency per cycle and by the proportion of patients receiving haemodialysis or peritoneal dialysis

Cost of hepatic events
The cost of acute liver failure (ALF) and liver transplant were taken from the NHS

Reference costs 2019/20.7* The ICD-10 code for acute liver failure (K72.00:
Acute and subacute hepatic failure without coma) was mapped to the HRG
code GCO1: Liver failure disorders. Given the severity of ALF, a weighted
average of the HRG codes including single and multiple interventions (GC01C,
GCO01D) was applied to the cost of management. The cost associated with
post-transplant was taken from the non-alcoholic fatty liver disease (NAFLD)
model. Here, a 6-monthly cost were calculated by taking an average of the
costs from patients with hepatitis’ B and C. This cost was inflated to 2019/20%,
and halved to give the average 3-monthly cost. It should be noted that the
NAFLD model apportioned costs to liver transplant over two years, while this
model apportions the cost of a liver transplant according to the total HRG code
only, therefore additional costs incurred immediately after liver transplant may
not have been captured and the true cost of transplant may therefore be
underestimated. The costs for related to hepatic events are presented in
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Table 27.
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Table 27. Costs associated with hepatic adverse events

GCO1C Liver Failure Disorders with Multiple Interventions 810 £6,296

GCO01D Liver Failure Disorders with Single Intervention 1,880 £3,519

Pooled average £4,355

GA15A Liver Transplant, 18 years and over 703 £20,827

Pooled average £20,827
Computations

The model was constructed in Microsoft Excel 2010 and was evaluated by cohort simulation.
Time dependency was built in by cross referencing the cohorts age as a risk factor for
mortality. Quality of life scores were adjusted for age to reflect the declining trend of quality of
life over time.

A cohort of 1,000 people entered the Markov model for each of the interventions. People
then moved between health states (defined as adverse events) based on probabilities of
events occurring which was calculated using incidence data and treatment relative effects.
Mortality transition probabilities in the Markov model also depend on the health states people
are in. In each cycle, events are calculated based on the population at risk and used to
calculate overall QALY's and costs.

Mortality rates were converted into transition probabilities for the respective cycle length
(3 months in the base case) before inputting into the Markov model.
Where
Transition Probability (P) =1 —e™ "t r=selected annual rate
t=0.25 (the cycle length)

To calculate QALYs for each cycle, life years were weighted by a utility value which was
treatment dependent. A half-cycle correction was applied, assuming that people transitioned
between states on average halfway through a cycle. QALYs were then discounted at 3.5% to
reflect time preference. QALY during the first year were not discounted. The total
discounted QALYs were the sum of the discounted QALYSs per cycle.

Costs per cycle were calculated on the same basis as QALYs and were discounted at 3.5%
to reflect time preference. Each of the health states had specific costs applied.
Discounting formula:

Total Where:

(1 + r)" r=discount rate per annum
n=time (0.25 years)

Discounted total =

In the deterministic and probabilistic analyses, the total cost and QALY's accrued by each
cohort was divided by the number of patients in the population to calculate a cost per patient
and cost per QALY.
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Sensitivity analyses
SA1: Lifetime treatment duration with some AEs in the first cycle only

In the base case, it is assumed that the treatment duration is 3 months. Sensitivity analyses
explored the effect of a lifetime duration. Since it is likely that patients taking medication for
an extended period will likely experience certain adverse events requiring withdrawal soon
after treatment initiation, this scenario limited the occurrence of the following adverse events
to the first cycle only: constipation, nausea, vomiting, dyspepsia, symptomatic ulcer,
gastrointestinal bleeds and vertigo.

SA2: Add falls and hip fractures

Falls and hip fractures are adverse events that have a significant impact on health-related
quality of life and NHS resource use. The committee acknowledged that these adverse
events could be associated with drug treatment in some populations but were sceptical of
their applicability as a drug-related occurrence in the osteoarthritis population, since falls and
fractures were more likely to occur as a result of mechanical changes in joint movement
resulting from the osteoarthritis itself. The committee agreed therefore to explore the impact
of drug-related falls and hip fractures in the model during sensitivity analysis. For this
analysis, data for falls and hip fractures were based on the safe prescribing of
benzodiazepine guideline model.5?

Falls

Falls incidence in the general population was taken from the Health Survey of England (HSE)
of 2005 previously used and analysed for a health economics analysis[ref] conducted
alongside the NICE guideline CG161 on falls in older people®?as no more recent data was
found. Results from the study on a subpopulation of older people (>65) are reported
elsewhere.** The annual rates of falls are shown in Table 28.

Table 28: Fall incidence parameters ?

Parameter Women Men Source

E:"_' }';2;9; ?fgg)erson 0.505 (0.484 t0 0.525)  0.392 (0.372 to 0.412) HSE 2005
Incidence rate ratio by age group

65-69 1 1

70-74 1.036 (0.863 to0 1.21)  1.271 (1.065 to 1.477)

75-79 1.069 (0.891 to0 1.247)  1.136 (0.909 to 1.363) HSE 2005
80-84 1.518 (1.345 to 1.69( 1.644 (1.408 to 1.88)

85+ 1.855 (1.677 t0 2.033) 2.814 (2.585 to 3.043)

Proportion of people by age

65-69 27% 32%

70-74 24% 27%

75-79 21% 20% HSE 2005
80-84 17% 13%

85+ 12% 8%

Abbreviation: HSE= health survey of England
(a) Cls have been calculated using reported SEs

Data on falls for people younger than 65 was not available. As the model includes people
aged 61 and over, fall incidence rates for people aged between 61 to 65 had to be
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extrapolated. For people aged 61 to 65 we assumed the same fall rate as the age group 65-
69.

Hip fracture

The annual probability of a hip fracture was taken from a Canadian study including 21,687
fractures which occurred in people aged 50 or older as no UK data was available.
Probabilities by age and gender are presented in Table 29.

Table 29: Hip fracture and annual probability

51-60 0.0002 0.0002
61-70 0.0008 0.0006
71-80 0.0037 0.0020 Hopkins 2012
81-90 0.0124 0.0063
91+ 0.0235 0.0160

Hip fracture probability and fall incidence rates were used to calculate the number of hip
fractures and falls occurring at each cycle. The model takes into consideration the proportion
of men and women alive at the beginning of each cycle to calculate a weighted average
incidence rate which is applied to the population at risk. As the events can occur an any point
during the cycles and not necessarily at the end or the beginning, a half-cycle correction was
built into the analysis. One of the key assumptions of the model is that a hip fracture can only
be the consequence of a fall. Hence, at each cycle, the number of hip fractures predicted is
subtracted from the number of falls to avoid double counting.

Mortality

Data for mortality after a fall was taken from a study by Scuffham 20038°, which looked at
incidence and costs of falls in older people in the United Kingdom during 1999. The
percentage of patients who died after a fall is presented below. The figures were converted
to 3-monthy probabilities for the model.

65-69 0.43% Scuffham 20038
70-74 0.65%
75+ 0.91%

Mortality in the population with hip fracture was calculated using the relative effects shown in
Table 30.

Table 30: Mortality relative effects

Hip fracture Hazard ratio Males: 7.95 (6.13 to 10.30) Haentjens 201043
Females: 5.75 (4.94 to 6.69)
Post hip fracture Hazard ratio Males: 1.90 (1.58 to 2.3) Haentjens 201043

Females: 1.86 (1.6 to 2.16)
The hazard ratios for hip fracture and post-hip fracture states were based on a meta-analysis

looking at excess mortality of people with hip fracture compared to the general population up
to 10 years after a fracture. The studies included in the meta-analysis are mostly conducted
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in Europe (14 out of 24) although only one was conducted in the UK during a period ranging
from 1979 to 2009. The hazard ratio for the first three months was used for the acute hip
fracture health state as it represents the acute phase of the condition. For the post-hip
fracture state, it was decided to use the hazard ratio for years 1-2 as this was found to be
relatively similar to the hazard ratios reported for the following years. As this analysis looked
at mortality outcomes in people with hip fracture up to 10 years only, it is possible that
beyond the last follow-up the hazard ratio decreases or approaches 1. However, the trend
seems to suggest that the hazard ratio remains stably above one over time and, for this
reason, it was assumed that post-hip fracture state is a permanent state, where people
remain until they die.

Cost of falls

The cost of a fall in calculated using a Scottish cost analysis from Craig 2013.2* Data on the
number of people who fall attending a GP, requiring ambulance service, A&E, hospitalisation
and subsequent care home residence were obtained from the Information Services Division
(ISD) and Scottish Ambulance Service (SAS). Table 31 details all fall-related events. 20% of
people who fall were estimated to experience a “serious fall” by summing up those attending
general practices, calling an ambulance and attending A&E.

Table 31: Falls-related events proportion

Event Proportion Source
Serious fall 20% of total falls Craig 2013%
GP attendance 51% of serious falls

Ambulance call-out 61% of serious falls

A&E attendance 80% of serious falls

Admissions 35% of A&E attendances

Re-admissions 7% of admissions

Discharged at home 64% of admissions

Discharged at residential: 21% of admissions

short-term

Discharged at residential: long- 15% of admissions

term

The cost of each event was estimated using a standard UK source (NHS Reference Costs
and PSSRU) and the study from Craig. All the costs used in the model and their sources are
listed in Table 32.

Table 32: Falls-related events cost

Event Cost Source

GP visit@ £38 PSSRU 202028

Ambulance call-out £213 NHS Ref Costs 2019/2074

A&E non admitted £155 NHS Ref Costs 2019/2074

A&E Admitted £313 NHS Ref Costs 2019/2074

Inpatient stay (no hip fracture) £8,195 Craig 20132 inflated to 2019/20 prices
Home discharge £1,965 Craig 20132 inflated to 2019/20 prices
Residential: Short-term £9,302 Craig 2013 inflated to 2019/20 prices
Residential: long-term £72,971 Craig 2013 inflated to 2019/20 prices

(a) Including direct care and qualification costs

Based on the data presented in Table 31 and Table 32, the average cost of a fall in the UK
was calculated as £1,330.

43



Osteoarthritis: assessment and management FINAL
Cost-utility analysis: Oral, topical and transdermal pharmacological treatments

Cost of hip fracture

The cost of a hip fracture was estimated using a UK cost analysis conducted on a cohort of
33,152 patients admitted with a hip fracture in a UK region between 2003 and 2013 and
identified from hospital records and followed until death or administrative censoring.®"

The analysis estimated the cost occurring in the first year after a hip fracture and the cost
occurring in the second year. They are both presented in Table 33. Costs included diagnostic
and treatment cost both outpatient and inpatient sustained by the NHS.

Table 33: Hip fracture cost
First year £14,163 £254 Leal 2016%2
Second year £2,139 £90

The model applies the first-year cost to those in the acute hip fracture state and the second-
year cost to those in the post-hip fracture state. Since the costs of hip fracture and post-hip
fracture were presented as annual sums, to convert these to 3-monthly cycle costs, the post-
hip fracture cost was first divided by four to give a 3-monthly cost. The cost associated with
fracture itself was bundled into the first cycle. This was achieved by taking the annual cost of
hip fracture and deducting to the cost of three 3-monthly post-stroke cycles from it.

Utility decrements after falls and hip fractures

Decrements for falls and hip fractures were also taken from the NICE safe prescribing of
benzodiazepine model (2021). Utility losses caused by a fall injury were identified from an
existing and published model by Church 2012 reporting an annual loss of utility caused by
falls-related events and are shown in Table 34.%2

Table 34: Annual utility loss after a fall-related event
Emergency admission -0.014 (-0.016 to -0.01) Church 201222
Hospitalisation -0.144 (-0.255 to 0)
Discharge to residential care -0.060 (-0.338 to -0.03)

The proportion of falls resulting in an emergency admission, hospitalisation and
admission to residential care along with their source are presented in
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Table 35. Hospitalisation and emergency admission are not treated as independent events,
meaning that if a person is admitted to the emergency room and is then hospitalised, they
would incur only a loss of utility equal to 0.144. By contrast, being admitted to a residential
care is treated as an independent event, causing an additional loss of utility.
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Table 35: Falls-related events

Serious fall 20% of total falls Craig 20132
A&E attendance 80% of serious falls

Hospitalisation 35% of A&E attendance

Discharge to residential care 36% of hospitalisations

At each cycle, the model calculates the proportion of falls resulting in emergency admissions,
hospitalisation and discharge to residential care and applies the utility decrements
associated with each event. All the events are assumed to be transitory, hence the losses of
utility occur for one cycle only. In the probabilistic analysis, these losses were allowed to vary
independently.

The utility decrements for the hip fracture health state and the post-hip fracture health state
were also based on the benzodiazepine safe prescribing model where the post-hip fracture
utility decrement was taken from a prospective cohort of 741 patients treated at a single
major trauma centre in the United Kingdom.*?> The reduction in EQ-5D at 12 months was
reported as -0.22. To calculate the utility decrement during the 12 months, the area above
the curve EQ-5D in Figure 3 was estimated using the trapezoidal rule assuming linear
change between data points.

Figure 3. Changes in EQ-5D following a hip fracture

0.60 - Baseline pre-operation EQ-5D
0.50 -
0.40
0.30
EQ-5D
0.20
0.10 4
000 . . .
1 6 12
-0.10 Months from the operation
-0.20

Source: Griffin 2015

This gives a QALY loss of 0.237 that was assigned to people in the acute hip fracture state.

Utility decrements for falls and hip fractures used in the mode are presented in Table 36.

Table 36. Utility decrements

Falls injury -0.011
Hip fracture (New event) -0.237
Hip fracture (Post event) -0.220

SA3: Add laxatives with opioids

The model was based on the clinical trial setting where patients were given opioids alone
without preventative laxatives. However, in clinical practice, it is normative to co-prescribe a
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laxative with strong opioids to mitigate the risk of opioid-related constipation. In this
sensitivity analysis, the average-weighted cost of laxatives was added to the cost of opioids
and in turn it was assumed that the risk of constipation in this cohort remained the same as
the no treatment cohort.

SA4: Remove SA, UA, TIA

The previous osteoarthritis guideline model did not include SA, UA and TIA within CV
adverse events; therefore, this analysis also excludes these to enable a better comparison of
the results with previous models

SA5: NSAID+PPI cardiovascular event RR same as NSAID alone

The base case used the relative risk for CV events with NSAIDs plus PPIs that was reported
in the clinical review. However, this value was based on a single trial.?® This was substantially
higher than the relative risk reported with oral NSAIDs alone versus placebo. However, a
comparison between oral NSAIDs plus PPI and oral NSAIDs alone reported no significant
difference between the two in relation to cardiovascular events. This scenario therefore sets
the relative risk of cardiovascular events for oral NSAIDs plus PPlIs to that of oral NSAIDs
alone.

SAG6: Use NSAIDs plus PPI RR for cardiovascular events from NMA

The base case used the relative risk for CV events with NSAIDs plus PPlIs that was reported
in the clinical review. However, this value was based on a single trial.?® A sensitivity analysis
explored the effect of substituting this relative risk with the relative risk derived from trials
reporting adverse events with NSAIDS plus PPI versus no treatment, NSAIDs alone versus
no treatment and NSAIDs plus PPIs versus NSAIDs alone (see section 2.3.1.1 for further
information).

SA7: Exclude sudden cardiovascular death

In this scenario, the mortality associated with the acute phase of cardiovascular events were
excluded.

SA8: Only short-term cardiovascular impact of treatment

In this scenario, only the costs associated with cardiovascular adverse events were
considered.

SA9: Utilities: Barton algorithm

This analysis explored the effect of using the Barton algorithm to map between WOMAC
scores and EQ-5D scores instead of the Wailoo algorithm (see section 0 for further details).

SA10: Utilities: Price algorithm

This analysis explored the effect of using the Price algorithm to map between WOMAC
scores and EQ-5D scores instead of the Wailoo algorithm (see section 0 for further details).
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SA11: Utilities: Lawrence algorithm

This analysis explored the effect of using the Lawrence algorithm to map between SF-36
summary scores and EQ-5D scores instead of the Price algorithm (see section 0 for further
details).

SA12: Utilities: Maund algorithm

This analysis explored the effect of using the Maund algorithm to map between SF-36
summary scores and EQ-5D scores instead of the Price algorithm (see section 0 for further
details).

SA13: Use drug cost from trials

The unit cost for each drug was calculated by multiplying the weighted-average cost per unit
(usually milligrams) by its daily dosage. The daily dosage was taken from the online British
National Formulary (BNF), which sometimes differed from what was reported in the clinical
trials. For example, the recommended daily dosage of paracetamol in the BNF is 4 grams,
yet the clinical trial for paracetamol used in the base case used a daily dosage of 3 grams.
This sensitivity analysis applies the weighted average drug unit costs in line with dosages
reported in the clinical trials, thereby applying the appropriate cost to the treatment effects.

SA14: Opioid daily dose less than or equal to 40mg morphine

There is a drug-dose to adverse event relationship observed with opioids, where higher
doses result in a higher likelihood of adverse events. The committee were interested in
splitting the utilities reported in clinical trials between those that reported a morphine
equivalent daily dose less than or equal to 40mg and those that reported a morphine-
equivalent daily dose of greater than 40mg. This threshold was chosen as it has significance
in clinical practice. The conversion of various opioid doses to a morphine-equivalent dose
were based on figures reported by the Faculty of Pain Medicine®®, and are presented below
in Table 37.

Table 37. Equi-analgesic potencies of opioids relative to 40mg daily oral morphine

Hip fracture cost Potency Equivalent dose to 40mg oral morphine
Morphine (oral) 1 40mg

Oxycodone (oral) 1.5 26.4mg*

Tapentadol (oral) 0.4 100mg

Tramadol (oral) 0.1 400mg

*Although the potency was reported as 1.5, the equivalent dose to 10mg morphine was reported as 6.6mg of
oxycodone, which was used during calculations

This sensitivity analysis explored the effect of limiting the sourcing of utilities to only those
studies with a daily morphine-equivalent dose of 40mg or less. The resulting utility scores are
presented in Table 38.

Table 38. Utility scores reported in trials with MMED <=40mg

Intervention Base case utility Utility with MMED <=40mg
Oral opioids 0.409 0.412
Transdermal buprenorphine 0.461 0.461
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SA15: Opioid daily dose greater than 40mg morphine

This sensitivity analysis explored the effect of limiting the sourcing of utilities to only those
studies with a daily morphine-equivalent dose of greater than 40mg. The resulting utility
scores are presented in Table 39.

Table 39. Utility scores reported in trials with MMED >40mg

Intervention Base case utility Utility with MMED >40mg
Oral opioids 0.409 0.406
Transdermal buprenorphine 0.461 0.461

SA16: Including all VAS trials

The base case analysis excluded studies that only reported pain VAS scores during the
mapping of treatment outcomes to EQ-5D, although a mapping equation between pain VAS
scores and EQ-5D exists. This was because the committee considered pain and physical
function outcomes as clinically relevant outcomes, therefore it was not appropriate to map
from only one outcome in the base case. Nevertheless, this sensitivity analysis included
those studies reporting VAS scores, which were then combined with those studies already
included in the base with a resulting overall weighted average EQ-5D score then applied to
each intervention. The resulting utility scores are presented in Table 40.

Table 40. Utility scores with the addition of VAS- reported trials

Intervention Base case utility Utility with VAS pain included
No treatment 0.400 0.400
Paracetamol 0.435 0.409
Oral NSAIDs plus PPIs 0.458 0.450
Oral NSAIDs alone 0.458 0.430
Topical NSAIDs 0.502 0.438
Oral opioids 0.409 0.413
Transdermal buprenorphine 0.461 0.432

SA17: Paracetamol best-case scenario

A best-case scenario for paracetamol utilised the Wailoo algorithm and the drug costs from
the trial only. This scenario depicts the best possible scenario for paracetamol since the
Wailoo algorithm results in the highest QALY gain relative to other interventions and the cost
from the trial gives the lowest cycle drug costs.

SA18: Paracetamol worst-case scenario

A worst-case scenario for paracetamol utilised the Barton algorithm and included all VAS
trials, since this was associated with the lowest QALY gain relative to other interventions.
The cost of paracetamol based on BNF-recommended doses was also used since this
represented the highest possible drug cost per cycle.

SA19: Oral NSAIDs plus PPI best case

A scenario that combined all the separate sensitivity analyses favourable towards oral
NSAIDs plus PPIs was run to indicate the best possible cost per QALY. In this scenario, the
relative risk of cardiovascular events was set to that of oral NSAIDs alone, the adverse
events SA, US and TIA were removed and only the acute phase cost of CV events included.
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Model validation

The model was developed in consultation with the committee; model structure, inputs and
results were presented to and discussed with the committee for clinical validation and
interpretation.

The model was systematically checked by the health economist undertaking the analysis;
this included inputting null and extreme values and checking that results were plausible given
inputs. The model was peer reviewed by a second experienced health economist from the
National Guideline Centre; this included systematic checking of the model calculations.

Estimation of cost effectiveness

The widely used cost-effectiveness metric is the incremental cost-effectiveness ratio (ICER).
This is calculated by dividing the difference in costs associated with 2 alternatives by the
difference in QALYs. The decision rule then applied is that if the ICER falls below a given
cost per QALY threshold the result is considered to be cost effective. If both costs are lower
and QALYs are higher the option is said to dominate and an ICER is not calculated.

ICER = Costs(B) — Costs(A)

- QALYs(B)— QALYs(A) Cost effective if:
e ICER < Threshold

Where: Costs(A) = total costs for option A; QALYs(A) = total QALY for option A

It is also possible, for a particular cost-effectiveness threshold, to re-express cost-
effectiveness results in term of net health benefit (NHB). This is calculated by subtracting
costs for a comparator by the total QALY's and dividing the result by the threshold cost per
QALY value (for example, £20,000) (formula below). The decision rule then applied is that
the comparator with the highest NHB is the most cost-effective option at the specified
threshold. That is the option that provides the highest number of QALY's at an acceptable
cost.

Net Health Benefit(X) = (QALYS(X))_ Costs(X)/ A Cost effective if:

¢ Highest net benefit
Where: A = threshold (£20,000 per QALY gained)

For ease of computation NHB is used in this analysis to identify the optimal strategy.

Interpreting results

NICE sets out the principles that committees should consider when judging whether an
intervention offers good value for money. %871 |n general, an intervention was considered
to be cost effective if either of the following criteria applied (given that the estimate was
considered plausible):

¢ The intervention dominated other relevant strategies (that is, it was both less costly in
terms of resource use and more clinically effective compared with all the other relevant
alternative strategies), or

¢ The intervention costs less than £20,000 per quality-adjusted life-year (QALY) gained
compared with the next best strategy.

As we have several interventions, we use the NHB to rank the strategies on the basis of their

relative cost effectiveness. The the optimal strategy at a willingness to pay of £20,000 per

QALY gained is the one that has the highest NHB.
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Results

Base case

The probabilistic results of the base case scenario are presented in Table 43. They show that
all interventions are cost effective compared with no treatment except for oral NSAIDs plus
PPI (cost per QALY gained of £28,190) and strong oral opioids (cost per QALY gained of
£32,916).

A comparison of probabilistic incremental net health benefit shows that there were four
treatments ranked higher than no treatment. Topical NSAIDs are the optimal treatment
strategy, followed by oral NSAIDs alone, followed by paracetamol and lastly buprenorphine.

In the sensitivity analyses topical NSAIDs never fell below a ranking of second.

Oral NSAIDs remained second in the base case and most sensitivity analyses and was
never ranked below no treatment.

Paracetamol, meanwhile, was ranked third in the base case and in most sensitivity analyses.
It ranked below no treatment when VAS trials were included in the analysis.

Buprenorphine ranged between third and sixth and only fell below no treatment in the
rankings when falls and hip fractures were included in the analysis.

Oral NSAIDs plus PPI were generally ranked below no treatment in the rankings. However, it
ranked higher than no treatment when the Barton and Price algorithms were used instead of
the Wailoo algorithm and when certain assumptions regarding adverse events were relaxed
(the removal of SA, UA and TIA from CV adverse events, where the relative risk of CV
events was the same as NSAIDs alone, when acute mortality associated with CV events
were excluded and where only the short-term cost of CV events were included.

Lastly, strong opioids ranged between third and seventh and only ranked higher than no
treatment when the Maund algorithm was used, where VAS trials were included and where
the morphine-equivalent daily dose was less than or equal to 40mg.
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Table 41. Events per 1,000 patients (probabilistic base case results)

187 187

Gl non-bleeds 187 188 187 299 415
Gl bleeds 1 1 2 2 1 1 1
Cardiovascular 441 441 443 441 441 441 441
Hepatorenal 42 42 42 42 42 41 41
Central nervous system 82 82 82 82 82 133 187

Note: Gl non-bleeds, Gl bleeds and central nervous system adverse events were measured in the first cycle only. Cardiovascular and hepatorenal events were measured over the
model time horizon.

Table 42. Costs (probabilistic base case results)

£0 £24 £28 £51 £82

Drug £17 £28

Drug monitoring £0 £0 £10 £10 £10 £10 £10
OA follow up £594 £594 £593 £594 £594 £594 £594
Gl non-bleeds £10 £10 £10 £10 £10 £14 £19

Gl bleeds £1 £1 £3 £4 £1 £1 £1
Cardiovascular £5,185 £5,185 £5,259 £5,191 £5,185 £5,178 £5,170
Hepatorenal £73 £73 £76 £75 £73 £73 £73
Central nervous system £3 £3 £3 £3 £3 £6 £8
Total costs £5,867 £5,891 £5,983 £5,904 £5,906 £5,927 £5,956
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Table 43. Cost effectiveness (probabilistic base case results)

Total costs £5,867 £5,891 £5,983 £5,904 £5,906 £5,927 £5,956
Life years (undiscounted) 22.82 22.82 22.79 22.81 22.82 22.82 22.82
QALYs 5.5683 5.5756 5.5724 5.5791 5.5818 5.5701 5.5777
Incr. cost (vs no

treatment) £0 £24 £116 £37 £38 £60 £89
Incr. QALYs (vs no

treatment) - 0.0073 0.0041 0.0108 0.0135 0.0018 0.0094
ICER (n versus no

treatment - £3,301 £28,190 £3,449 £2,847 £32,916 £9,454
NHB @20k threshold 5.27 5.28 5.27 5.28 5.29 5.27 5.28
Rank of NHB 5 3 7 2 1 6 4
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Figure 4. Cost effectiveness plane (probabilistic base case results)
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Sensitivity analyses
Table 44. Rank of net health benefit (£20,000 per QALY gained) (sensitivity analyses)

3 6 2 1 7 4

Base case results 5

Treatment duration

Lifetime treatment duration with some AEs inthe 7 3 6 2 1 5 4
first cycle only

Adverse events

Add falls and hip fractures 5 3 4 2 1 7 6
Add laxatives with opioids 6 3 5 2 1 7 4
Remove SA, UA, TIA 6 3 4 2 1 7 5
NSAID+PPI CV event RR same as NSAID alone 6 4 3 2 1 7 5
Use NSAIDs plus PPI RR for CV events from 5 3 7 2 1 6 4
NMA

Exclude sudden CV deaths 6 3 2 1 7 4
Only short-term CV impact of treatment 6 3 4 2 1 7 5
Utilities

Utilities: Barton algorithm 6 3 5 2 1 7 4
Utilities: Price algorithm 6 3 5 2 1 7 4
Utilities: Lawrence algorithm 5 3 6 2 1 7 4
Utilities: Maund algorithm 6 2 7 4 1 5 3
Costs

Use drug cost from trials 5 3 7 2 1 6 4
Other

Including all VAS trials 5 7 6 2 1 4 3
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Strong opioids =<40mg MMED trials
Strong opioids >40mg MMED trials
Paracetamol best case scenario
Paracetamol worst case scenario
Oral NSAIDs plus PPI best case
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Discussion

Summary of results

In a comparison of paracetamol and no treatment

One cost utility analysis reported that paracetamol was cost effective and no
treatment (£12,771), however, in a full incremental analysis it was extendedly
dominated by oral NSAIDs plus PPls. This analysis was assessed as directly
applicable with potentially serious limitations.

One cost utility analysis reported that paracetamol dominated by no treatment. This
analysis was assessed as directly applicable with minor limitations.

One original cost utility analysis from this guideline review reported that paracetamol
was cost effective compared with no treatment (£3,225). This analysis was assessed
as directly applicable with minor limitations.

In a comparison of oral NSAIDs alone and no treatment

One cost utility analysis reported that diclofenac, ibuprofen, naproxen and COX-2
inhibitors celecoxib and etoricoxib were dominated by no treatment. This analysis
was assessed as directly applicable with potentially serious limitations

One cost utility analysis reported that diclofenac, ibuprofen and naproxen were
dominated by no treatment. However, COX-2 inhibitors celecoxib and etoricoxib were
cost effective. This analysis was assessed as directly applicable with minor
limitations.

One original cost utility analysis from this guideline review reported that oral NSAIDs
alone were cost effective compared with no treatment (£3,402). This analysis was
assessed as directly applicable with minor limitations.

In a comparison of oral NSAIDs plus PPls and no treatment

One cost utility analysis reported that oral NSAIDs plus PPIs were cost effective
compared with no treatment. This analysis was assessed as directly applicable with
potentially serious limitations

One cost utility analysis reported that oral NSAIDs plus PPIs were cost effective
compared with no treatment. This analysis was assessed as directly applicable with
minor limitations.

One original cost utility analysis from this guideline review reported that oral NSAIDs
plus PPls were not cost effective compared with no treatment (£21,543). This
analysis was assessed as directly applicable with minor limitations.

In a comparison of oral NSAIDs plus PPls and oral NSAIDs alone

One cost utility analysis reported that meloxicam alone was the most cost-effective
strategy in a full incremental analysis. It was assessed as directly applicable with
potentially serious limitations.

One cost utility analysis reported that celecoxib 200mg plus PPl was the most cost-
effective strategy in a full incremental analysis (£12,557). It was assessed as directly
applicable with potentially serious limitations.

One cost utility analysis reported that etoricoxib 200mg plus PPl was the most cost-
effective strategy in a full incremental analysis (13,160). Fixed-dose combinations
(ketoprofen 200mg/omeprazole 20mg, diclofenac 150mg/misoprostol 400mg and
naproxen 1000mg/esomeprazole 40mg) were also dominated by NSAIDs plus PPI.
This analysis was assessed as directly applicable with minor limitations.
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¢ One original cost utility analysis from this guideline review reported that oral NSAIDs
plus PPls were dominated by oral NSAIDs alone. This analysis was assessed as
directly applicable with minor limitations.

In a comparison of topical NSAIDs and no treatment

¢ One original cost utility analysis from this guideline review reported that topical
NSAIDs were cost effective compared with no treatment (£2,744). This analysis was
assessed as directly applicable with minor limitations.

In a comparison of oral NSAIDs and topical NSAIDs

e One cost utility analysis from this guideline review reported that oral ibuprofen was
cost effective compared with topical ibuprofen (£9,114). This analysis was assessed
as partially applicable with potentially serious limitations.

¢ One original cost utility analysis reported that oral NSAIDs with and without PPIs
were dominated by topical NSAIDs. This analysis was assessed as directly applicable
with minor limitations.

In a comparison of strong oral opioids and no treatment

¢ One original cost utility analysis from this guideline review reported that strong oral
opioids were not cost effective compared with no treatment (£27,765). This analysis
was assessed as directly applicable with minor limitations.

In a comparison of transdermal buprenorphine and no treatment

e One original cost utility analysis from this guideline review reported that transdermal
buprenorphine was cost effective compared with no treatment (£8,020). This analysis
was assessed as directly applicable with minor limitations.

In a comparison of glucosamine with no treatment or paracetamol

¢ One cost utility analysis reported that glucosamine was not cost effective compared
with no treatment (£21,335). This analysis was assessed as directly applicable with
minor limitations.

¢ One cost utility reported thar prescription crystalline glucosamine sulphate was cost
effective compared to no treatment (£10,203), but that other forms of glucosamine
were dominated by no treatment. This analysis was assessed as patrtially applicable
with potentially serious limitations.

o One cost utility analysis reported that glucosamine was cost effective compared with
no treatment (£3,488). It also reported that that glucosamine dominated paracetamol.
This analysis was assessed as partially applicable with potentially serious limitations.

Limitations and interpretation

There were a few noteworthy limitations with this analysis. Firstly, trials that informed the
treatment effects were conducted in different populations. For example, patients in trials
assessing the efficacy opioids may have already tried NSAIDs and were moving up the
treatment of pain ladder or may have been unable to take NSAIDs due to co-morbidities.
This makes a direct comparison between different interventions difficult as it is unlikely to be
a like-for-like comparison.

Secondly, this was an analysis of drug classes rather than individual drugs. As a result, the
treatments in trials were heterogenous. The results of the trials used in the analysis were
therefore sensitive to the frequency of particular drugs used in trials. For simplification, it was
assumed that the efficacy and adverse event profile of individual drugs were broadly
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representative of the overall drug class, however, in reality this is not always the case. For
example, there is a higher risk of cardiovascular events with diclofenac than, say, with
naproxen.

Thirdly, EQ-5D-3L scores were usually not available directly and therefore were mapped
from other health outcomes (i.e., SF-36 domain and summary scores and WOMAC scores).
The disadvantage of such an approach is the increased uncertainty associated with the final
EQ-5D scores.

In addition, the adverse events reported in trials were mainly minor events, but in some
cases they have been applied to major adverse events. For example, the main hepatic
adverse event reported was elevated liver function tests, but the relative risk was applied to
acute liver failure. However, since the incidence rate for liver failure was so low to begin with,
a higher relative risk is unlikely to have much of an impact on the final results.

Finally, it should be noted that adverse event costs and utilities were gathered from various
sources and may not always have been the most up-to-date.

Generalisability to other populations or settings

The model takes a UK perspective and may not be applicable to other settings. The average
age of people in the model was 61 years, and the outcomes may not be relevant or
applicable to people below this age.

It is also important to consider the location of osteoarthritis when assessing generalisability of
model results since the majority of the evidence for oral treatments were based on people
with knee or hip osteoarthritis, while the data for topical NSAIDs was based on people with
knee or hand osteoarthritis.

It should also be noted that surgery was not included in this model, and therefore results are
reflective of people who cannot or do not wish to have surgery. It is expected that surgery will
be the most cost-effective option in other people.

Finally, exercise is considered the first-line treatment, and although it is not modelled here, it
is expected that this model reflects people for whom exercise is not a sufficient intervention
to manage the symptoms of OA.

Comparisons with published studies

There are no published studies that compared drug classes in osteoarthritis; therefore, there
is a lack of clear reference point for this analysis. During the health economic review, three
studies were identified in a UK setting that evaluated the cost effectiveness of individual oral
NSAIDs, two of these studies also included paracetamol.

Chan 2009 included oral NSAIDs alone and with PPIs and reported that meloxicam was the
most cost effective NSAID at a cost per QALY gained threshold of £20,000.

The other two studies (CG59 and CG177) reported that the combination of a COX-2 inhibitor
plus PPl was the most cost effective strategy. In CG177, paracetamol was dominated by no
treatment. This differs from what is reported here because the adverse events profile for
paracetamol in CG177 differed.

There were no economic evaluations identified in a UK setting that compared opioids and
topical NSAIDs to no treatment.
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Conclusions

Given the assumptions used in the model and current drug costs, topical NSAIDs are the
most cost-effective treatment for people with osteoarthritis aged 60 years and over. Other
cost effective treatment options compared to no treatment included oral NSAIDs,
buprenorphine and paracetamol. Oral NSAIDs plus PPIs and strong oral opioids were not
cost effective in the base case analysis but were cost effective in some scenarios.

Implications for future research

This is thought to be the first model to evaluate the cost-effectiveness of drug classes in the
management of osteoarthritis.

Given that the committee has recommended the withdrawal for paracetamol as an option for
the management of osteoarthritis, it is important to consider all potential alternatives,
including weak oral opioids. However, weak oral opioids were not included in the model due
to a lack of adverse events data compared to placebo. This is the most important question
not adequately answered via a health economic analysis and future research in this area is
warranted.
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Appendix A: Probabilistic analysis input parameters

The tables below summarise all probabilistic inputs in the model and the distribution parameters used.

Table 45: Probabilities, rate and utilities

Baseline events

Constipation 0.064 Beta 75 1170
Nausea 0.074 Beta 86 1170
Vomiting 0.032 Beta 37 1170
Dyspepsia 0.022 Beta 17 773
Symptomatic ulcer 0.004 Beta 3 773
gastrointestinal bleeds 0.001 0.001 Beta 0.52 645
AKI 0.002147 Beta 997853 0.002
Progression to CKD stage 3-4 0.194215 Beta 47 195
Progression to CKD stage 5 <69 years 0.002 Beta 5 3041
Progression to CKD stage 5 70-79 years 0.001 Beta 3 3043
Progression to CKD stage 5 >79 years 0.001 Beta 2.32 3044
Vertigo 0.078 Beta 91 1170
Drug-related adverse events

Paracetamol

Hepatic events 5.97 0.49@ Lognormal

Oral NSAIDs plus PPI

Gastrointestinal (bleeding or perforation) 2-32 0.62@ Lognormal

Cardiovascular 2.51 0.63@ Lognormal

Renal 2.67 0.95@) Lognormal

Oral NSAIDs alone

Gastrointestinal (bleeding or perforation) 4.57 0.10@) Lognormal
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Gastrointestinal (non-bleeding) 1.17 0.56) Lognormal

Cardiovascular 1.15 0.14@) Lognormal

Renal 1.96 0.67@) Lognormal

Strong opioids

Gastrointestinal (non-bleeding) 1.63 0.36@) Lognormal

Central nervous system 1.93 0.07@ Lognormal

Buprenorphine

Gastrointestinal (non-bleeding) 2.26 0.19@) Lognormal

Central nervous system 2.48 0.24@) Lognormal

Mortality

Hip fractures (men) 1.9 0.096 Lognormal

Hip fractures (women) 1.86 0.077 Lognormal

Utility multipliers

Nausea 0.733 0.055 Beta 47 17
Vomiting 0.733 0.055 Beta 47 17
Dyspepsia 0.733 0.055 Beta 47 17
Symptomatic ulcer 0.552 0.048 Beta 60 49
gastrointestinal bleeds 0.459 0.049 Beta 46 55
Stable Angina (New Event) 0.808 0.038 Beta 86 20
Stable Angina (Post Event) 0.808 0.038 Beta 86 20
Unstable Angina (New Event) 0.770 0.038 Beta 94 28
Unstable Angina (Post Event) 0.808 0.038 Beta 86 20
MI (New Event) 0.760 0.018 Beta 427 135
MI (Post Event) 0.880 0.018 Beta 286 39
TIA (New Event) 0.900 0.025 Beta 129 14
TIA (Post Event) 0.900 0.025 Beta 129 14
Stroke (New Event) 0.628 0.040 Beta 91 54
Stroke (Post Event) 0.628 0.040 Beta 91 54
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Heart Failure (New event) 0.683 0.020 Beta 171
Heart Failure (Post Event) 0.683 0.020 Beta 369 171
Vertigo 0.733 0.055 Beta 47 17

AKI 0.525 0.033 Beta 121 110
Moderate CKD 0.861 0.02@ Beta

Severe CKD 0.798 0.03@ Beta

ALF 0.525 0.033 Beta

Liver transplant 0.800 0.011 Beta 1077 269
Liver transplant (post event) 0.850 0.004 Beta 7124 1257
Utility decrements

Constipation 0.072 0.02 Gamma 16 0.0045
Hip fracture 0.237 0.074 Gamma 10 0.0231
Post-Hip fracture 12 ms 0.220 0.074 Gamma 8.8 0.0249
Hip - post hip 0.017 0.10 Gamma 0.03 0.6470
Falls emergency 0.014 0.005 Gamma 8.0 0.0017
Falls hospitalisation 0.144 0.210 Gamma 0.5 0.3054
Falls admitted residential care 0.060 0.253 Gamma 0.1 1
Costs (annualised)

Stable Angina (New Event) 776 155 Gamma 25 31
Stable Angina (Post Event) 359 67 Gamma 29 12
Unstable Angina (New Event) 2,385 53 Gamma 2025 1
Unstable Angina (Post Event) 359 67 Gamma 29 12

MI (New Event) 4,679 112 Gamma 1745 2

MI (Post Event) 1,010 170 Gamma 35 28

TIA (New Event) 1,682 76 Gamma 490 3

TIA (Post Event) 144 161 Gamma 1 180
Stroke (New Event) 18,126 3,625 Gamma 25 725
Stroke (Post Event) 6,914 1,383 Gamma 25 276
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Heart failure (New Event) 2,674 Gamma

Heart Failure (Post Event) 928 271 Gamma 12 79
Hip fracture (acute) 14,971 268 Gamma 3118 4
Post-hip fracture 2,260 95 Gamma 571 3

(a) Log scale
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