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Abstract
Background  Oral corticosteroids (OCS) are effective anti-inflammatory agents used across a range of conditions. However, 
substantial evidence associates their use with increased risks for adverse events (AEs), causing high burden on healthcare 
resources. Emerging biologics present as alternative agents, enabling the reduction of OCS use. However, current model-
ling approaches may underestimate their effects by not capturing OCS-sparing effects. In this study, we present a modelling 
approach designed to capture the health economic benefits of OCS-sparing regimens and agents.
Methods  We developed a disease-agnostic model using a UK health technology assessment (HTA) perspective, with dis-
counting of 3.5% for costs and outcomes, a lifetime horizon, and 4-week cycle length. The model structure included type 2 
diabetes mellitus, established cardiovascular disease, and osteoporosis as key AEs and drivers of morbidity and mortality, 
as well as capturing transient events. Quality-adjusted life-years (QALYs), life-years, and costs were determined for OCS-
only and OCS-sparing treatment arms. Outcomes were determined using baseline 50% OCS-sparing, considering several 
OCS average daily doses (5, 10, 15 mg).
Results  A treatment regimen with 50% OCS dose-sparing led to lifetime incremental cost savings per patient of £1107 
(95% confidence interval £1014–£1229) at 5 mg, £2403 (£2203–£2668) at 10 mg, and £19,501 (£748–£51,836) at 15 mg. 
Patients also gained 0.033 (0.030–0.036) to 0.356 (0.022–2.404) QALYs dependent on dose. The benefits of OCS sparing 
were long-term, plateauing after 35–40 years of treatment.
Conclusions  We present a modelling approach that captures additional long-term health economic benefits from OCS sparing 
that would otherwise be missed from current modelling approaches. These results may help inform future decision making 
for emerging OCS-sparing therapeutics by comparing them against the cost of such treatments.

1  Introduction

Oral corticosteroids (OCS) are highly effective anti-inflam-
matory treatments that have been widely used for decades 
to treat a range of inflammatory conditions, including auto-
immune disorders, allergic reactions, chronic obstructive 
pulmonary disease (COPD), asthma, dermatitis, and many 
more. However, increasing evidence has associated the use 
of OCS with increased risk of serious adverse outcomes, 

ranging from chronic conditions such as type 2 diabetes 
mellitus (T2DM), osteoporosis, and cardiovascular disease 
(CVD), to transient events such as pneumonia and peptic 
ulcers [1–4]. OCS-related adverse events (AEs) place a high 
burden on healthcare systems, with OCS treatment shown 
to be one of the most common causes of hospitalisation due 
to adverse drug events [5, 6]. Risks are increased even from 
short-term OCS use [7–9], with cumulative lifetime OCS 
dose being the main driving factor responsible for increased 
risk of AEs [10–13], supporting recent calls for stewardship 
on the use of OCS [14, 15].

Despite these risks, OCS continue to be used worldwide 
today for a range of indications. Up to 60% of patients with 
severe asthma have received long-term OCS treatment 
[11, 16], and over a 20-year follow-up, 32.2% of patients 
with rheumatoid arthritis were prescribed long-term OCS 
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Key Points for Decision Makers 

Oral corticosteroids (OCS) are associated with a range of 
adverse events, whose costs are not captured in current 
modelling approaches; as such, we designed a model-
ling approach that considers three major chronic adverse 
events associated with OCS (type 2 diabetes mellitus, 
established cardiovascular disease, and osteoporosis) and 
a range of transient adverse events.

This approach demonstrated the long-term benefits of 
OCS-sparing, capturing cost savings associated with 
avoiding chronic and transient OCS-related adverse 
events.

The modelling approach described in this study allows 
for more accurate predictions and quantification of the 
value of OCS sparing and therefore avoiding OCS-
related complications, providing crucial insights needed 
to inform future healthcare decision making in this area.

treatment lasting 1 year or longer [17]. Treatment guide-
lines continue to recommend OCS as a treatment option, 
although they are beginning to recognise the risks associ-
ated with OCS use, recommending certain restrictions be 
considered. For example, the recent Global Initiative for 
Asthma (GINA) guidelines recommend the use of OCS 
only after treatment with biologic therapies, to reduce the 
cumulative exposure and long-term adverse effects of OCS 
[18]. Likewise, the Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD) 2023 report only recommends 
OCS for the treatment of severe acute exacerbations of 
COPD, for a limited period of no more than 5 days [11]. 
Where possible, guidelines for OCS recommend reduc-
ing dosage; however, this does not circumvent the issues 
around cumulative OCS dose, and studies have shown 
that even at low doses, long-term OCS treatment can lead 
to irreversible organ damage and cumulative long-term 
adverse effects [11].

As such, there remains a need to reduce OCS use to avoid 
treatment-related AEs, and research has now turned to alter-
native anti-inflammatory agents, such as biologics. Biolog-
ics include antibodies that target inflammatory cytokines or 
their receptors, or recombinant proteins, and have shown 
promise in reducing the need for OCS [19, 20]. Reducing 
OCS use is a key factor considered by National Institute for 
Health and Care Excellence (NICE) technology appraisals 
for emerging therapies [21, 22], and avoiding OCS-related 
AEs may have a substantial impact on economic evaluations 

of these treatments. Despite this, OCS-sparing effects are 
frequently not captured in economic modelling for health 
technology appraisals (HTAs) or reimbursement, with many 
models ignoring OCS-related AEs or implementing a simpli-
fied impact of OCS [23].

In the recent NICE technology appraisals for tezepe-
lumab and benralizumab, biologics recommended for the 
treatment of severe asthma and severe eosinophilic asthma, 
respectively, the effects of long-term OCS maintenance are 
considered to impact quality of life and resource utilisation 
through the risk of developing comorbidities [21, 23]. In 
these models, 10 AEs commonly associated with OCS expo-
sure were included as transient AEs with incident rates based 
on the proportion of patients’ average daily dose in that 
model cycle. However, during the tezepelumab appraisal, 
expert review noted that the full effects of OCS-sparing are 
unlikely to be fully realised within current models [23]. This 
underestimation is primarily due to the interpretation that all 
AEs are transient events incurring a one-off incidence cost 
and quality-adjusted life-year (QALY) loss, which underesti-
mates the long-term costs and QALY losses from conditions 
such as T2DM, CVD, chronic kidney disease (CKD), and 
osteoporosis.

As such, current HTAs may undervalue OCS-sparing 
treatments, and therefore a new modelling approach is 
required that captures the broader impacts of OCS-sparing 
agents. To address this evidence gap, and better inform 
future healthcare decision making, we designed a modelling 
approach to capture the health economic outcomes related 
to reducing OCS use.

2 � Methods

2.1 � Model Overview

We have developed a disease agnostic model in Microsoft 
Excel® 365 (Microsoft Corporation, Redmond, WA, USA) 
that captures the costs and health economic outcomes asso-
ciated with OCS AEs and estimates the potential benefits of 
OCS sparing. The model uses a UK HTA perspective, with 
discounting of 3.5% for costs and outcomes and a lifetime 
time horizon to capture the long-term burden of OCS-related 
AEs on the UK population [24]. To balance the require-
ment to follow changes in patient outcomes over time with 
a practical model run time, a model cycle length of 4 weeks 
was selected. Treatment arms include a control arm of OCS 
alone versus an intervention arm of a hypothetical OCS-
sparing scenario, for example comprising OCS in combina-
tion with an OCS-sparing agent.

The model structure includes three key AEs related 
to OCS treatment: T2DM, osteoporosis, and established 
CVD (eCVD), including heart failure, chronic impacts of 
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myocardial infarction and stroke. These AEs were selected 
as they are key drivers of morbidity and mortality from OCS 
AEs [25, 26]. Additional AEs that are commonly associ-
ated with OCS in the literature but are considered as one-
off events are captured in a simplified manner as transient 
events, driven either by incidence, for acute events, or preva-
lence, for chronic events. These include glaucoma, cataract, 
renal impairment, peptic ulcer and pneumonia [24]. The 
model structure is presented in Fig. 1.

All patients start at baseline with no OCS-related AEs, 
and as time progresses, patients may experience AEs. 
Patients who have previously experienced one type of AE 
may go on to experience others, with interactions between 
the three main events—T2DM, osteoporosis, and eCVD—
influencing each patient’s risk of experiencing a future event. 
All analyses were run for both deterministic and probabilistic 
analysis using 1000 randomised runs; complete information 
on the distributions assumed and maximum upper and lower 
bounds applied are detailed in the input summary tables in 
the electronic supplementary material (ESM). Probabilistic 
results are presented where available, with confidence inter-
vals to capture uncertainty. If the results of the probabilistic 
analysis show significant skew, both probabilistic and deter-
ministic results are presented.

2.2 � Patient Characteristics and Oral Corticosteroid 
(OCS) Dose Dynamics

In order to demonstrate the ability of the model to capture 
the benefits of OCS sparing, the model compares a scenario 

with all patients treated with OCS with a hypothetical OCS-
sparing scenario, in a patient population that aligns to an 
Observational and Pragmatic Research Institute (OPRI) 
real-world evidence (RWE) study. The OPRI RWE study 
is a matched historical cohort study conducted using the 
Optimum Patient Care Research Database (OPCRD) and 
the Clinical Practice Research Datalink (CPRD) database 
[1, 27]. In brief, the OPRI study investigated the impact 
of OCS exposure on disease onset, burden and healthcare 
resource use over a minimum 2-year timescale in a broad 
patient population: patients diagnosed with conditions where 
OCS may be prescribed. Patient characteristics in the model 
(age 57.0 years, 58.6% female) were defined based on an 
alternative published UK RWE study [28].

The model assumes that all patients are taking OCS at ini-
tiation, with no prior exposure and no prior background rates 
for any AE. Arbitrary reductions in OCS dose were tested 
to demonstrate the potential sensitivity of model outcomes 
to the effectiveness of OCS sparing. Baseline OCS sparing 
is set at 50% following clinician feedback that a biologic 
would be considered OCS sparing if it resulted in a > 50% 
reduction in OCS use. A baseline daily dose of 10 mg/day 
was used as a plausible mid-range dose scenario among tri-
als of patients with severe asthma, where observed doses 
range from 2 to 40 mg/day [29, 30]. Different doses and 
OCS-sparing proportions are explored in sensitivity analy-
ses, with a low OCS dose of 5 mg/day and a high OCS dose 
of 15 mg/day.

Patients may discontinue the OCS-sparing scenario, 
switching to OCS alone, through natural attrition. Upon 

Fig. 1   Model structure. AEs 
adverse events, eCVD estab-
lished cardiovascular disease, 
OCS oral corticosteroids. T2DM 
type 2 diabetes mellitus
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discontinuation, the OCS dose immediately returns to that 
of the ‘OCS only’ arm. The OCS dose is captured using 
cumulative OCS dose over time, reflecting the progressive 
and cumulative nature of OCS AEs, which do not resolve 
upon OCS discontinuation.

2.3 � Adverse Event Risk

OCS AE risk is captured using adjusted regression hazard 
ratios for each AE, applied to a baseline ‘non-OCS’ popula-
tion risk. This is informed by the OPRI RWE study [1]. The 
calculation is presented in Eq. (1). The same risk equation 
is applied across both arms. The value of OCS-sparing in 
avoiding events accumulates over time, dependent on the 
extent that the patient’s cumulative exposure to OCS is 
reduced.

Event risk per model cycle. The AE event risk for patients 
is defined as 1 minus the exponential to the power of the 
baseline risk multiplied by an exponent of the additional risk 
per gram to the power of the cumulative dosage in grams, 
where c is the cycle length adjustment, genrisk is the general 
population risk for patients with no prior exposure to OCS, 
OCSHR is the additional hazard per cumulative gram of OCS, 
as an HR, and OCSdose is the cumulative OCS dose.

The relationship between OCS dose and beta values, 
informing hazard ratios, is assumed to be linear.

As previously described, AEs that are chronic in nature, 
such as T2DM, are modelled using prevalence, reflecting 
that these events continue for the remainder of the patient’s 
life. AEs that are acute in nature are modelled using inci-
dence, reflecting the ‘one-off’ nature of these events.

Adrenal insufficiency is a well-recognised AE of treat-
ment with OCS and is also captured, despite not being 
included in the OPRI RWE study [31, 32]. Patients expe-
riencing adrenal insufficiency remain dependent on OCS 
and are unable to lower their OCS dose, and therefore their 
cumulative OCS dose increases regardless of any attempts 
to avoid or reduce OCS (e.g. treatment with OCS-sparing 
agents). At a population level, because exposure to OCS 
increases a patient’s likelihood of experiencing adrenal 
insufficiency, at high cumulative OCS doses the effective-
ness of OCS sparing is reduced, potentially creating an 
‘adrenal insufficiency trap’ where OCS-sparing regimens 
are ineffective at reducing cumulative exposure to OCS.

Interdependencies between the three key OCS-related 
AEs—T2DM, osteoporosis, and CVD—are captured by 
applying hazard ratios where appropriate and where data 
are available. This includes between the chronic events and 
the risk of additional AEs, but not the interdependencies 

(1)OCS AE Riskcycle = 1 − e
−c∗genrisk∗(OCSHR)

OCSdose

.

between these additional AEs. Tables detailing the hazard 
ratios applied to patients experiencing AEs are provided in 
the ESM.

2.4 � Costs

Costs are applied per AE, either reflecting an ongoing cost 
for the remainder of the patient’s life, or within a single 
cycle for acute events. Costs for AEs primarily reflect the 
associated healthcare resource use. Where patients experi-
ence multiple AEs, a simplifying conservative assumption 
is made that costs align to whichever AE has a greater cost. 
Treatment costs are minimal for OCS but are included for 
completeness, using the cost of prednisolone 5 mg tablets, 
sourced from the electronic market information tool (eMIT) 
database as reported in TA880 [23, 33]. Intervention arm 
treatment costs are not included for this analysis; therefore, 
this analysis should be interpreted as the cost savings from 
OCS sparing to health care systems. Cost inputs included 
in the model are detailed in the ESM. Costs were sourced 
from the literature; where necessary, costs were inflated to 
2022 values using Personal Social Services Research Unit 
(PSSRU) inflation indices [34].

2.5 � Utilities

A disutility per event is applied on top of baseline utility, 
reflecting a population with inflammatory conditions requir-
ing OCS. Baseline utility is calculated using a weighted 
average of disease areas from a RWE study and utility val-
ues from a UK population where an average baseline utility 
of 0.6519 was applied [28, 35]. Utility values are capped 
at age-dependent levels from the study by Ara and Brazier 
[36], estimated using EQ-5D responses from Health Survey 
for England and using time trade-off (TTO) values from the 
study by Dolan et al. [37]. Multiple comorbid AEs are able 
to occur simultaneously, however where patients experience 
multiple comorbid AEs, a conservative simplifying assump-
tion is made that the disutility applied aligns to whichever 
AE disutility is greatest. Utility decrements for OCS com-
plications are sourced from the literature, using EQ-5D 
responses from the Medical Expenditure Panel Survey and 
UK specific value set, as described by Sullivan et al. [35].

2.6 � Mortality

Health state-based AEs are associated with an increased 
mortality from baseline. Additional mortality from OCS-
related AEs is applied based on hazard ratios obtained from 
the literature, as described in ESM Table 8, comparing 
patients with and without the OCS-related AE.
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It is assumed that AE-related mortality also captures 
the additional mortality associated with transient events, 
although this is a conservative simplifying assumption.

Where patients experience multiple comorbid AEs, 
hazard ratios are applied where available from the general 
literature to estimate the additional risk of having multi-
ple comorbid AEs. Where these data are not available, as a 
conservative assumption, the additional risk of other AEs 
and mortality are assumed to be equal to the largest risk 
for patients with at least one prior OCS-related AE. Hazard 
ratios applied to patients with multiple comorbidities are 
outlined in the tables in the ESM.

3 � Results

In order to demonstrate the ability of the model to capture 
the benefits of OCS sparing, a hypothetical OCS-sparing 
treatment was compared with treatment with OCS alone, in 
a patient population that aligns to the OPRI RWE study [27, 
38]. The model estimated the difference in costs, QALYs, 
and life-years when treating patients with a hypothetical 
OCS-sparing regimen compared with OCS alone.

Treating patients with an OCS-sparing regimen resulted 
in cost savings that increased with dose (Fig. 2a). Using the 
probabilistic base-case scenario of a 10 mg daily dose of OCS 
and a 50% dose-sparing effect from the intervention, the addi-
tion of an OCS-sparing treatment demonstrated lifetime incre-
mental cost savings of £2403 (£2203–£2668) (Table 1). OCS-
sparing also demonstrated increases in QALYs and life-years 
gained compared with treatment with OCS alone (Fig. 2b). 
In the base-case, 0.071 (0.064–0.077) QALYs and 0.205 
(0.197–0.213) life-years were gained over a patient’s lifetime. 
The life expectancy in patients receiving only OCS was 24.769 
(24.201–25.329) years compared with 24.974 (24.401–25.544) 
years when in the hypothetical OCS-sparing arm. These health 
gains result from the substantial decrease in the average life-
time cumulative OCS exposure, which was 14.0 g over the 
lifetime of patients receiving OCS only compared with 5.6 g 
over the lifetime of patients in the OCS-sparing arm.

Additional analyses were carried out to consider the effects 
of higher or lower daily doses of OCS. When considering a 
15 mg daily dose, lifetime incremental cost savings increased 
substantially to £10,627 (deterministic) and £19,501 (£51,836 
to −£748, probabilistic), and for a lower daily dose of 5 mg, 
lifetime incremental cost savings were £1107 (£1014–£1229) 
(Fig. 2a). Similar results were seen with respect to QALYs, 
with a 15 mg daily dose resulting in a gain of either 0.356 
(−0022 to 2.404, probabilistic analysis) or 0.116 (determin-
istic analysis, presented due to skew in probabilistic analysis) 
QALYs, compared with 0.033 (0.030–0.036) QALYs for the 
5 mg daily dose (Fig. 2b).

The cost-saving effects of OCS-sparing resulted from 
the reduction in OCS-related AEs. Of the events consid-
ered, renal impairment accrued the highest costs of £17,537 
(£16,615–£18,492) in the OCS-only arm in the base-case sce-
nario (Table 2). The avoidance of this event demonstrated the 
greatest incremental cost saving with OCS sparing at £1403 
(£1330–£1481). Notably, avoidance of adrenal insufficiency 
demonstrated the next-highest incremental cost savings, with 
the greatest relative difference between the OCS only and the 
intervention arms (£113 [£73–159] and £1 [£0–£1], respec-
tively). These cost savings were due to a reduction in the time 
spent with chronic AEs and a reduction in the number of 
events experienced per patient. In the deterministic base case, 
a total of 0.668 years (8.0 months) spent with renal impairment 
was avoided in the OCS-sparing arm.

The benefits of OCS sparing accumulated over time; typi-
cally, full cost savings only plateaued after 35 years across all 
three dose scenarios, and QALY gains continued to accumu-
late for 40 years after treatment initiation (Fig. 3, Table 3). As 
such, the benefits gained from OCS-sparing can be considered 
long-term and require modelling over a lifetime horizon to 
fully capture them.

4 � Discussion

4.1 � Summary of Key Results

The prevalence of AEs in patients taking OCS is wide-
spread; studies report that up to 93% of patients using 
long-term OCS experience at least one condition linked 
to their use [3, 13, 39]. OCS continue to be used globally 
despite the well-demonstrated associations with severe 
adverse effects. This is in part due to their widespread 
availability and affordability, making these treatments par-
ticularly favoured in low- and middle-income countries 
[40–42]. However, in the long-term, the AEs associated 
with OCS treatment lead to significant healthcare costs 
that outweigh the initial lower treatment costs [43, 44]. 
As such, reducing the need for OCS treatment and offer-
ing alternative anti-inflammatories is vital. Current HTAs 
do not fully capture the potential benefits of OCS sparing, 
and therefore risk undervaluing new therapies [23]. In this 
study, we describe a modelling approach that allows more 
accurate predictions of the value of emerging treatments 
with OCS-sparing capabilities, which is crucial to inform 
future decision making. Using this model, we demon-
strate that avoidance of OCS and OCS-related AEs led to 
improvements in patient quality of life and reductions in 
AE-related costs.

In the model base-case, assuming a patient population 
taking an average dose of 10 mg of OCS per day and an 
OCS-sparing agent capable of sparing 50% of that dose 
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resulted in lifetime incremental cost savings of £2403 
(£2203–£2668) and 0.071 (0.064–0.077) QALYs gained. 
These cost savings increased significantly when consider-
ing a population with an average daily OCS dose of 15 mg 
at baseline, with cost savings of £10,627 (deterministic) 
or £19,501 (−£51,836 to −£748, probabilistic) and QALY 

gains of 0.116 (deterministic) or 0.356 (−0.022 to 2.404, 
probabilistic) QALYs. Therefore, the introduction of an 
OCS-sparing treatment has the potential to reduce the 
number of transient and chronic AEs a patient experiences, 
resulting in cost savings and QALY and life-year gains. 
While these estimated gains may appear small, they would 

Fig. 2   Deterministic cost sav-
ings and QALYs across patient 
populations with baseline OCS 
daily doses of 5, 10 and 15 mg. 
OCS oral corticosteroids, QALY 
quality-adjusted life-year

Table 1   Base-case probabilistic 
analysis results, OCS-only daily 
dose of 10 mg, hypothetical 
50% dose sparing from the 
OCS-sparing regimen scenario

CI confidence interval, OCS oral corticosteroids, QALYs quality-adjusted life-years

Outcome Intervention arm (95% CI) OCS-only arm (95% CI) Incremental (95% CI)

Costs £26,566 (£24,284–£29,342) £28,969 (£26,477–£32,010) −£2403 (−£2203 to −£2668)
QALYs 10.197 (8.761–11.389) 10.126 (8.761–11.389) 0.071 (0.064–0.077)
Life years 24.975 (24.401–25.544) 24.769 (24.201–25.329) 0.205 (0.197–0.213)
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be incremental to the additional effects of a new treatment 
and would otherwise have been missed using previous mod-
elling approaches. Therefore, they should be considered in 
the context of the benefits of the treatment itself. Likewise, 
considering all disease indications where OCS treatment 
is approved, almost 1% of adults in the UK are prescribed 
OCS, and therefore small individual cost savings have the 
potential to accumulate into substantial cost savings for the 
NHS when considering the large patient population they 
affect [25, 45].

Our results estimate significant additional long-term 
costs and QALYs incurred due to OCS exposure resulting 
from OCS-related AEs, especially for patients taking higher 
doses. This is particularly impactful for conditions such as 
rheumatoid arthritis or ulcerative colitis, where higher aver-
age daily doses of over 7.5 mg/day and up to 40 mg/day, 
respectively, are commonly administered to control symp-
toms [46, 47].

The cost savings modelled here are aligned with similar 
modelling studies considering the costs of OCS treatment. 
In the UK, healthcare costs for patients with asthma have 
been demonstrated to increase according to OCS exposure, 
and patients receiving maintenance OCS treatment are esti-
mated to accrue 39% and 51% higher healthcare costs for 
patients with mild-moderate and severe asthma, respectively, 

compared with patients not receiving OCS [43, 48]. In these 
studies, patients receiving maintenance OCS had increased 
prescription costs as well as increased healthcare utilisation 
costs [43, 48]. This translated to an additional annual OCS-
related cost per year of £224 for mild asthma and £1310 for 
severe asthma [43].

In addition, Asaria et al. estimated the lifetime treatment 
costs for the general population, defined as the expected 
costs of hospital admission over the average life expec-
tancy, to be between £50,908 and £69,671 (inflated from 
2011/2012 costs) [49]. Our total deterministic lifetime cost 
estimates due to OCS exposure (£30,277 in the OCS-only 
arm) represent 41.6–56.8% of these costs, demonstrating 
the high additional burden that OCS related-AEs represent. 
This additional burden is well demonstrated; in the study by 
Barry et al. [43], OCS-related AEs were found to increase 
lifetime prescription costs by 39–51% in patients with severe 
asthma compared with patients with moderate or no asthma.

Compared with existing models of OCS-related AEs, 
our model has a significant advantage in that it is the only 
model to include, in detail, three OCS-related chronic 
AEs; T2DM, eCVD, and osteoporosis, while also includ-
ing other relevant AEs such as renal impairment, glau-
coma, cataract, peptic ulcers, pneumonia, and adrenal 
insufficiency. The use of chronic health states addresses a 

Table 2   Breakdown of costs, probabilistic analysis

AEs adverse events, CI confidence interval, eCVD established cardiovascular disease, OCS oral corticosteroids, T2DM type 2 diabetes mellitus
a Renal impairment is captured per cycle but is based on prevalence and can therefore be considered as a chronic event

Outcome Intervention arm (95% CI) OCS-only arm (95% CI) Incremental (95% CI)

Health state costs
No OCS-related AEs £0 (£0–£0) £0 (£0–£0) £0 (£0–£0)
T2DM £3114 (£2992–£3231) £3217 (£3093–£3336) −£102 (−£105 to −£100)
Osteoporosis £129 (£123–£135) £148 (£141–£154) −£18 (−£19 to −£18)
eCVD £4558 (£2980–£6482) £4814 (£3149–£6845) −£256 (−£363 to −£169)
Following multiple events £1659 (£1369–£2246) £2020 (£1663–£2734) −£362 (−£491 to −£295)
Treatment
OCS £15 (£9–£21) £37 (£23–53) −£22 (−£31 to −£14)
Transient events
Glaucoma £35 (£23−£50) £39 (£26−£26) −£4 (£3−£6)
Cataract £129 (£84−£183) £152 (£99−£215) −£22 (−£32 to −£15)
Renal impairmenta £16,134 (£15,871−£17,623) £17,537 (£16,615−£18,492) −£1403 (−£1481 to −£1330)
Peptic ulcer £18 (£3−£51) £20 (£3−£56) −£2 (−£5 to £0)
Pneumonia £411 (£403–418) £468 (£459−£477) −£57 (£56–£58)
Adrenal insufficiency £1 (£0−£1) £113 (£73−£159) −£112 (−£159 to −£73)
Other
Death £363 (£137−£722) £405 (£153−£804) −£42 (−£83 to −£16)
Subtotals
Total health state costs £9460 (£7553−£11,984) £10,199 (£8,132−£12,957) −£730 (−£979 to −£585)
Total transient event costs £16,728 (£15,871−£17,623) £18,329 (£17,404−£19,294) −£1601 (−£1696 to −£1516)
Grand total £26,566 (£24,284−£29,342) £28,969 (£26,477−£32,010) −£2,403(−£2668 to −£2203)
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significant weakness of prior approaches such as the pre-
vious tezepelumab and benralizumab NICE TAs [21, 23], 
where chronic events were considered as transient events 
with one-off costs and disutilities applied, resulting in an 
underestimation of the total cost and QALY impact from 
OCS-related AEs.

A direct comparison of outcomes between outcomes 
herein and the tezepelumab and benralizumab NICE TAs 
is not possible as results are redacted due to a commercial 
arrangement [21, 23]. The approach applied in TA278, for 
omalizumab for the treatment of severe persistent allergic 
asthma, applied the costs and health losses incurred with 
the excess relative risk associated with each OCS-related 
AE into an annual OCS cost or disability-adjusted life-year 

(DALY) loss per patient taking OCS per year [50]. A rea-
nalysis by Norman et al. found incorporation of OCS AEs 
reduced the ICER from £50,181/QALY to £46,634/QALY 
[51]. Similarly, in NICE TA278, the Assessment Group 
found that including the adverse effects of OCS substan-
tially reduced the potential ICER of omalizumab [50]. 
The outcomes from our model suggest that including the 
impact of avoiding OCS complications could likewise be 
expected to offset a significant proportion of OCS-sparing 
agent treatment costs (which are not considered in this 
model and hypothetical scenario), contribute to additional 
QALY gain, and therefore may have a significant impact 
on the cost effectiveness of OCS-sparing agents for future 
HTA assessments.

Fig. 3   Cost savings and QALYs 
across patient populations with 
baseline OCS daily doses of 5, 
10 and 15 mg (deterministic, 
by time horizon). OCS oral 
corticosteroids, QALY quality-
adjusted life-year
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4.2 � Limitations and Critique of Analysis

While this model accounts for several acute and chronic 
OCS-related transient events, it also relies on several 
assumptions that may be considered limitations to the 
analysis. For instance, mortality hazards and interactions 
are based on populations observed in the general literature, 
and therefore they may not reflect a specific OCS-eligible 
population. Furthermore, the cost estimates here do not take 
into account the treatment costs of OCS-sparing agents; in 
the UK, the net prices of such treatments are currently con-
fidential and therefore could not be included in the analy-
sis. Rather than use estimated prices, which may not reflect 
reality, the results are presented as the costs associated with 
the reduction of-related AEs, and this limitation should be 
taken into account when considering the cost effectiveness 
of OCS-sparing agents in the UK.

The population data used in this study were aligned to the 
OPRI RWE study, which used data from the OPCRD and 
CPRD databases, with patient characteristics defined based 
on an alternative published UK RWE study [1, 27, 28]. As 
such, these analyses may not be generalisable beyond the 
UK, and caution should be taken when comparing these 
results across countries. However, in a related study con-
ducted in Italy, the costs of OCS-related AEs were pre-
dicted and were applied to epidemiological data from the 

Severe Asthma Network in Italy (SANI) registry [44]. In 
this study, the annual cost per patient for OCS-related AEs 
was reported at €1957.50. Averaging our costs across the 
life-years included, we estimate average per patient per year 
costs of £2183, excluding discounting. These costs align 
with the results reported by Canonica et al., with minor dif-
ferences explained by differences in the unit costs of treating 
complications across countries. Together, these results dem-
onstrate the burden of OCS-related AEs, but highlight the 
need for country-specific considerations for exact costings.

While the baseline characteristics of the model are likely 
to align well with the OCS-taking population in the UK, 
the OCS-related AE event incidence rates and additional 
risk applied to those events following OCS exposure were 
sourced from the OPRI study [1], which considered a 
younger patient population with more males. This limitation 
is expected to have an uncertain impact on model outcomes, 
as a younger population will be expected to experience a 
lower baseline incidence of OCS-related AEs, and may also 
experience higher OCS-related hazard ratios due to this. The 
model may therefore be underestimating the general popula-
tion incidence rate of OCS-related AEs, while overestimat-
ing the impact of increasing OCS exposure.

In addition, prior cumulative dose for patients upon enter-
ing the OPRI study were unavailable [1], therefore prior 
OCS dose was assumed to be zero. This is not reflective of 

Table 3   QALY breakdown, probabilistic analysis

AEs adverse event, CI confidence interval, eCVD established cardiovascular disease, OCS oral corticosteroids, T2DM type 2 diabetes mellitus, 
QALY quality-adjusted life-year
a Renal impairment is captured per cycle but is based on prevalence and can therefore can be considered as a chronic event

Outcome Intervention arm (95% CI) OCS-only arm (95% CI) Incremental (95% CI)

QALYs gained by health state
No OCS-related AEs 8.176 (7.050–9.122) 7.932 (6.840–8.856) 0.244 (0.212–0.271)
T2DM 0.615 (0.523–0.693) 0.635 (0.540–0.715) −0.020(−0.023 to −0.017)
Osteoporosis 0.302 (0.259–0.340) 0.346 (0.296–0.388) −0.043(−0.049 to −0.037)
eCVD 0.840 (0.714–0.949) 0.887 (0.755–1.002) −0.047(−0.054 to −0.040)
Following multiple events 0.295 (0.250–0.333) 0.360 (0.304–0.406) −0.065 (−0.073 to −0.055)
Treatment
OCS 0.000 0.000 0.000
Transient events
Glaucoma 0.000090 (0.000057–0.000129) 0.000101 (0.000064–0.000145) −0.000011 (−0.000016 to −0.000007
Cataract 0.000327 (0.000198–0.000487) 0.000384 (0.000233–0.000571) −0.000056 (−0.000084 to −0.000035)
Renal impairmenta 0.030018 (0.022816–0.037427) 0.032594 (0.024798–0.040678) −0.002608 (−0.002007 to −0.003265)
Peptic ulcer 0.000097 (0.000054–0.000146) 0.000106 (0.000059–0.000160) −0.000010 (−0.000015 to −0.000006
Pneumonia 0.000593 (0.000143–0.001295) 0.000672 (0.000163–0.001476) −0.000082 (−0.000186 to −0.000020)
Adrenal insufficiency 0.000000 0.000000 0.000000
Totals
Total health state utilities 10.228 (8.796–11.437) 10.176 (8.735–11.369) 0.066 (0.014–0.121)
Total transient event disutilities −0.031 (−0.039 to −0.023) −0.034 (−0.042 to −0.026) 0.003 (0.0021–0.0034)
Grand total 10.197 (8.761–11.389) 10.126 (8.761–11.389) 0.071 (0.064–0.077)



932	 D. Gibson et al.

the true OCS-eligible population, as many patients would 
have prior OCS exposure. Similarly, in the model, patients 
may discontinue from the OCS-sparing scenario. Upon dis-
continuation, the OCS dose returns to that of the ‘OCS only’ 
arm immediately, whereas in reality, the OCS dose would 
increase more slowly. These are conservative assumptions 
that are likely to result in underestimation of the benefits of 
OCS sparing.

In the model, the OCS dose is captured using cumulative 
OCS dose over time, reflecting the progressive and cumula-
tive nature of OCS-related AEs, which do not resolve upon 
discontinuation. However, as the risk of some AEs may 
decrease with OCS discontinuation, the model may overes-
timate the OCS-related risk for patients who have discon-
tinued from OCS, yet are still assumed to experience the 
OCS-related risk driven by their cumulative OCS exposure.

The model assumes that the relationship between OCS 
dose and beta values (informing hazard ratios) is linear, 
however it may not be truly linear and this may result in 
an overestimation of OCS-related AEs, particularly at high 
cumulative doses (> 15 g), as this would represent an extrap-
olation beyond the OPRI study population [1]. This is an 
issue particularly for adrenal insufficiency, for which there is 
a very strong relationship between incidence and OCS expo-
sure [31], which when applied with the linear exponential 
relationship and high cumulative doses results in clinically 
implausible incidence estimates. This limitation, along with 
the decision to use a skew log-normal distribution (to reflect 
skewed dosing observed in clinical practice) with a standard 
error of 20% of the mean value, explain the right-hand side 
skew observed in the 15 mg probabilistic scenario analyses, 
with higher incremental costs and QALYs observed driven 
by the small number of patients receiving very high OCS 
doses. Unfortunately, the relationship between the incidence 
of adrenal insufficiency and cumulative OCS exposure is 
unknown. However, to address this limitation, conservative 
assumptions have been applied where possible, and for the 
15 mg scenario, both deterministic and probabilistic results 
are presented. These include removing patients receiving 
inhaled corticosteroids from the baseline incidence rate and 
applying costs due to adrenal insufficiency only for the dura-
tion of the model cycle (28 days) to avoid double counting 
where patients experience adrenal insufficiency multiple 
times in a single year.

A limitation of the current approach compared with previ-
ous models is the data used to inform this model, which does 
not always align with the OCS-receiving population in the 
UK. While both the tezepelumab technology appraisal and 
this model use the same source for OCS-related AE inci-
dence, the modelling approach used was significantly dif-
ferent, with the tezepelumab model applying incidence rates 
for OCS-related AEs by dosage categories to estimate the 
incidence of transient events, whereas the model presented 

here used cumulative dose-estimated hazard ratios per addi-
tional gram of OCS. The approach for transient events in 
both models is similar. However, for chronic events, signifi-
cantly more QALYs and costs are captured in our model, as 
the lifetime impact of incident events of chronic events are 
captured.

5 � Conclusion

The AEs associated with OCS treatment place a high burden 
on healthcare resources. However, the benefits of avoiding 
these events through the use of OCS-sparing agents are not 
fully captured in current modelling approaches. In order to 
more accurately capture the broader impact of OCS treat-
ment, we have developed a model that captures the health 
economic outcomes associated with avoiding OCS-related 
AEs. This approach to the economic modelling of the benefit 
of reducing OCS use reflects the chronic and cumulative 
nature of OCS AEs, and the clinical importance of avoiding 
long-term OCS use and its related AEs. These results may 
help to inform healthcare decision making and guide future 
HTAs for novel OCS-sparing agents.
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