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ABSTRACT
Objectives 5- aminosalicylate (mesalazine; 5- ASA) is 
an established first- line treatment for mild- to- moderate 
ulcerative colitis (UC). This study aimed to model the 
benefits of optimising 5- ASA therapy.
Methods A decision tree model followed 10 000 newly 
diagnosed patients with mild- to- moderately active UC 
through induction and 1 year of maintenance treatment. 
Optimised treatment (maximising dose of 5- ASA and use 
of combined oral and rectal therapy before treatment 
escalation) was compared with standard treatment 
(standard doses of 5- ASA without optimisation). Modelled 
data were derived from published meta- analyses. The 
primary outcomes were patient numbers achieving and 
maintaining remission, with an analysis of treatment costs 
for each strategy conducted as a secondary outcome 
(using UK reference costs).
Results During induction, there was a 39% increase 
in patients achieving remission through the optimised 
pathway without requiring systemic steroids and/or 
biologics (6565 vs 4725 for standard). Potential steroidal/
biological adverse events avoided included: seven venous 
thromboembolisms and eight serious infections. Out 
of the 6565 patients entering maintenance following 
successful induction on 5- ASA, there was a 21% reduction 
in relapses when optimised (1830 vs 2311 for standard). 
This translated into 297 patients avoiding further systemic 
steroids and 214 biologics. Optimisation led to an average 
net saving of £272 per patient entering the model for the 
induction and maintenance of remission over 1 year.
Conclusion Modelling suggests that optimising 5- 
ASA therapy (both the inclusion of rectal 5- ASA into a 
combined oral and rectal regimen and maximisation of 
5- ASA dose) has clinical and cost benefits that supports 
wider adoption in clinical practice.

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflamma-
tory condition of the intestinal mucosa that 
affects the rectum and a variable extent of 
the colon and is commonly characterised by 
relapses separated by periods of remission.1 
It can have a substantial negative effect on 
patients’ quality of life due to the burden of 

invasive symptoms as well as the psycholog-
ical impacts and detriments to family and 
professional life.2 UC is commonly classified 
by both disease severity (mild, moderate 
or severe) and extent (proctitis, left sided 
or extensive).1 5- aminosalicylate (mesala-
zine; 5- ASA) is a well- established treatment 
for mild- to- moderate UC that is well toler-
ated and is the primary first- line treatment 
recommended in all international guide-
lines.3 4 5- ASA is used both for the induction 
and maintenance of remission in mild- to- 
moderate UC.3 4 Systemic oral corticosteroids 
are typically recommended as the initial 

Summary box

What is already known about this subject?
 ► The optimisation of 5- aminosalicylate (mesalazine; 
5- ASA) therapy in ulcerative colitis has the potential 
to maximise the efficacy of this first- line treatment 
option for mild- to- moderate disease. Optimisation 
of 5- ASA refers to the use of combined oral plus 
rectal therapy and maximising oral doses. The ben-
efits of an optimised approach have yet to be fully 
assessed.

What are the new findings?
 ► This study quantified the benefits of an optimised 
5- ASA treatment pathway for both the induction 
and maintenance of remission over standard (non- 
optimised) management using a decision tree 
model. Optimisation led to reduced use of systemic 
steroids and advanced therapies, thereby avoiding 
the potential for adverse events associated with 
their use, while maintaining efficacy outcomes.

How might it impact on clinical practice in the 
foreseeable future?

 ► The wider adoption of an optimised 5- ASA treat-
ment pathway is likely to have a number of benefits 
for both patients and healthcare systems, by maxi-
mising patient outcomes while minimising exposure 
to unnecessary therapies.
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step- up therapy for patients whose disease activity is not 
adequately controlled with 5- ASA.3 5 Systemic steroids are 
effective therapies for UC,5 but are also associated with 
many adverse events (AEs), such as, venous thromboem-
bolism (VTE),6 7 psychological disturbances,8 9 weight 
gain, myopathy and osteoporosis in the longer term.5 8 
Furthermore, steroids do not prevent relapse. There is, 
therefore, both a rationale and desire to avoid systemic 
steroids unless they are clearly necessary in these patients.

These facts have led to the concept of optimisation of 
5- ASA treatment before escalating to systemic steroids 
or other advanced therapies. Optimisation of treatment 
aims to ensure that the best outcomes for patients are 
achieved while avoiding the use of systemic steroids 
whenever possible.10 The main approaches used for 
optimisation of 5- ASA are the use of combined oral plus 
rectal therapy and maximising oral doses.10 A number of 
studies have shown that these approaches can increase 
the effectiveness of 5- ASA therapy.11–13 A further step in 
5- ASA optimisation has been the use of once daily dosing, 
which has demonstrated equivalent efficacy to divided 
dosing regimens and can improve patient adherence 
to treatment.12 13 When moving beyond 5- ASA, further 
steps can be taken to optimise corticosteroid therapy by 
reducing systemic steroid exposure in order to minimise 
the incidence of AEs. The most common approaches 
are to use topically applied steroids (ie, rectally admin-
istered steroids for proctitis), or the use of a topically 
active oral steroid with a high first- pass metabolism, such 
as budesonide Multi Matrix (MMX) (with MMX delivery 
technology providing targeted colonic delivery) or beclo-
methasone dipropionate.10 14 Recommendations for the 
use of optimised 5- ASA and optimised oral steroids are 

included within major treatment guidelines.3 4 15 16 When 
these treatment options are not sufficient to induce 
remission, oral prednisolone is the commonly recom-
mended next treatment,3 4 with a number of advanced 
therapy options for further treatment when necessary 
(including immunomodulators, tumour necrosis factor 
inhibitors (anti-TNFs) and vedolizumab).3 During remis-
sion of UC on 5- ASA maintenance therapy, an additional 
optimisation step is to monitor disease activity through 
objective markers including endoscopic disease activity, 
imaging modalities including intestinal ultrasound and 
biomarkers, such as faecal calprotectin (FC) levels which 
can act as a trigger for 5- ASA dose escalation, when 
necessary.10

While there is a strong rationale for optimisation and 
good supporting evidence for individual aspects of 5- ASA 
optimisation,17–22 there has been less investigation into 
the benefits of a fully optimised treatment pathway in 
mild- to- moderate UC. This study aimed to use published 
evidence to model the benefits of the dose optimisation 
strategy in both induction and maintenance of remission 
in patients with mild- to- moderately active UC.

MATERIALS AND METHODS
Model
A decision tree model was constructed in Microsoft Excel 
that considered a population of 10 000 newly diagnosed 
patients with mild- to- moderately active UC (figure 1). 
These patients were assumed to have a disease history 
comparable to the patient groups within the clinical 
data used as model inputs. Due to differences in treat-
ment protocols, proctitis was modelled separately from 

Figure 1 General model structure. Patients progress through model and treatments as indicated. The standard treatment 
pathway is marked by solid outlined boxes and arrows, additional treatment options for the optimised pathway are shown by 
dashed outlined boxes and arrows. In the induction phase, at the end of each treatment, patients reach a decision point where 
it is determined whether remission was achieved or the next induction treatment was required. In the maintenance phase, 
patients remain of one treatment for the whole 12- month period and the number remaining in remission at the end of this 
period is calculated. 5- ASA, 5- aminosalicylate; mesalazine; FC, faecal calprotectin; UC, ulcerative colitis.
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left- sided and extensive disease, with 29.4% of the 
population modelled to have proctitis.23 The methods 
and inputs used in the base case (primary analysis) are 
described in the following sections.

For the induction phase of the model, patients 
progressed through the treatment pathway in a sequen-
tial manner with no repeated courses and no skipped 
treatments (pathway composed of 5- ASA treatments, 
steroid treatments and anti- TNF therapies, (table 1), 
with treatments based on clinical guideline recommen-
dations.3 4 15 16

After each treatment, a decision point was reached 
where it was assessed whether patients had achieved 
remission or remained with active disease. Once patients 
reached remission, they were not modelled to receive any 
further induction treatment; if patients remained with 
active disease then they progressed to the next treatment. 
Two induction treatment approaches were modelled: 
standard treatment (lower 5- ASA dose intensity (2–2.9 g/
day oral)) and optimised treatment (including high- dose 
combined 5- ASA (≥3 g/day oral plus 1 g/day rectal) with/
without optimised oral steroids (using budesonide MMX 
as an example regimen)). All patients who achieved 
remission on optimised treatment without the need 
for systemic steroids (ie, achieved remission on 5- ASA, 
topical steroids or optimised oral steroids) were modelled 
to enter the 1- year maintenance phase; this was to ensure 
that the same number of patients in the standard and 
optimised pathways started maintenance therapy.

Within the maintenance phase, the standard treatment 
arm used a single low- dose 5- ASA treatment regimen for 

all patients (3–7 g/week rectal for proctitis, or 2.4–3 g/
day oral for left sided/extensive), whereas the optimised 
treatment arm used 5- ASA treatment options based 
on the dosing required for the induction of remission 
(rectal (3–7 g/week), standard dose oral (2.4–3 g/day), 
high- dose oral (4–4.8 g/day) or combined oral and rectal 
(2–8 g/week rectal and 1.6–3 g/day oral) (table 2).

Patients in the maintenance phase were assumed to 
have reached the same degree of remission (equivalent 
to that seen in the clinical data) before starting mainte-
nance. Within the optimised treatment pathway, FC levels 
exceeding 300 µg/g was considered as a trigger for the 
escalation of 5- ASA dose (from standard (2.4–3 g/day) 
to optimised (4–4.8 g/day)), predicated on published 
evidence.24 At the end of the maintenance period, a 
decision point was reached where the relapse rate (as 
defined in ‘model inputs’ section) was used to calculate 
the number patients who remained on remission and the 
number who had relapsed.

Model inputs
Studies to inform the model were identified by targeted 
literature searches in MEDLINE, Embase and the 
Cochrane Library. Cochrane reviews were used as the 
primary data source, when available, as these were consid-
ered to provide the most robust and impartial evidence 
being well- conducted meta- analyses undertaken by a 
highly credible independent group.12 25 If no Cochrane 
review was available for a treatment, recent systematic 
literature reviews and meta- analyses were identified.11 14 26 
The non- Cochrane studies used provided sufficient detail 

Table 1 Induction phase treatments

Treatment no

Proctitis Left- sided and extensive

Standard Optimised Standard Optimised

1 Rectal 5- ASA Rectal 5- ASA Low- dose combined 5- 
ASA

High- dose combined 5- 
ASA

2 Topical steroids or low- 
dose combined 5- ASA

High- dose combined 
5- ASA

Oral prednisolone Optimised oral steroids

3 Oral steroids Oral steroids Biologics Oral prednisolone

4 Biologics Biologics   Biologics

5- ASA, 5- aminosalicylate; mesalazine.

Table 2 Maintenance phase treatments

Treatment option

Proctitis Left- sided and extensive

Standard Optimised Standard Optimised

A Rectal 5- ASA Rectal 5- ASA (following rectal 5- ASA 
induction)

Low- dose oral 5- 
ASA

Low- dose oral 5- ASA with FC 
(following low- dose combined 
5- ASA induction)

B Low- dose oral 5- ASA with FC 
(following topical steroids or low- 
dose combined 5- ASA induction)

High- dose oral 5- ASA 
(following high- dose combined 
5- ASA induction)

C Combined 5- ASA (following high- 
dose combined 5- ASA induction)

Combined 5- ASA (following 
budesonide MMX induction)

5- ASA, 5- aminosalicylate; mesalazine; FC, faecal calprotectin; MMX, Multi Matrix.
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on dosing to allow for the required dosing options in this 
model, and the reporting of clinical and/or endoscopic 
remission/relapse measures. If multiple studies fulfilled 
these criteria, the most recent and appropriate study was 
chosen to maximise the clinical data considered. Clin-
ical remission (defined as per the included studies) was 
the chosen outcome in the induction phase as this was 
available for all modelled treatments.12 14 25 26 A pooled 
definition of relapse (using definitions of clinical and/or 
endoscopic relapse) and a 1- year time horizon was used 
for the maintenance part of the model.11 Full details 
on efficacy inputs are included as online supplemental 
tables 1 and 2.

A cost analysis was undertaken as a secondary outcome 
modelled from a UK perspective, due to the ready avail-
ability of published reference costs. Treatment acquisi-
tion costs were taken from the British National Formulary, 
using National Health Service (NHS) indicative prices 
(for generics/biosimilars, where available).27 Costs for 
administration were taken from NHS reference costs 
or Personal Social Services Research Unit data.28 29 And 
costs for home FC testing (conducted every 3 months) 
were taken from those published by the National Insti-
tute for Health and Care Excellence.30 Full details on 
costs inputs are included as online supplemental tables 
3–5. An analysis of AE rates was also undertaken. AE rates 
were derived from published studies of the therapies 
of interest in a UC population, with preferred sources 
being the registration studies for biologic therapies and 
studies focused on the short- term AEs related to systemic 
steroids.8 31–34

Model outcomes
For the induction part of the model, remission was 
the primary model outcome. The number of patients 
achieving remission was compared between the standard 
and optimised arms as the primary outcome. In addition, 
any differences in the requirements for systemic steroid 
treatment and biologics (anti- TNFs) were calculated. 
Results were presented as absolute and relative differ-
ences, with whole numbers presented for direct model 
outputs and proportions (or percentage differences) 
presented as percentages rounded to nearest integer (for 
simplicity and to avoid spurious accuracy). The treatment 
cost differences between the two arms were calculated as 
a secondary outcome (including only treatment acquisi-
tion and administration costs). Cost data are presented 
to the nearest whole pound. Potential AE differences 
between arms were calculated for systemic steroids and 
anti- TNFs.

For the maintenance part of the model, remission and 
relapse rates were compared between the two arms as 
the primary outcome. Excess relapses for standard over 
optimised maintenance treatment were modelled to 
re- enter induction, starting with systemic steroids and, 
if necessary, anti- TNF treatment. Treatment cost differ-
ences between the two arms was calculated as a secondary 

outcome (including only treatment acquisition and 
administration costs).

Sensitivity and scenario analyses
A one- way deterministic sensitivity analysis was conducted 
to show the sensitivity of the model to the main efficacy 
inputs. In this analysis, all efficacy inputs for both induc-
tion and maintenance phases were varied by a fixed 
amount of ±20%.

Additional scenario analyses were conducted to inves-
tigate other key model inputs. For the induction phase, 
a scenario was considered using a remission definition 
of combined clinical and endoscopic remission. This 
scenario used all available data for this composite remis-
sion definition,11 12 25 with the base case (the principal 
analysis conducted) data used where no data for this 
endpoint was available (online supplemental table 1).14 26 
A further additional scenario explored the exclusion of 
budesonide MMX from the optimised pathway for left- 
side/extensive disease. For the maintenance phase, a 
scenario was considered where FC monitoring was not 
used and patients remained on a fixed dose of 5- ASA for 
the whole maintenance period. Finally, for the cost anal-
yses, an illustrative scenario was conducted where 50% 
of patients who failed to achieve remission on systemic 
steroids were assumed to receive 6- mercaptopurine, 
azathioprine, tacrolimus or ciclosporin (the base case 
assumed that all these received anti- TNF therapy), to 
reflect clinical practice in countries where these thera-
pies would be used as an alternative to anti- TNF therapy. 
Alternative biologic and advanced treatments were not 
considered here, but more expensive treatments such 
as vedolizumab and tofacitinib may also be used for this 
patient group in some countries, although anti- TNFs 
were considered the more widely used option by the 
authors.

RESULTS
Induction
For the 10 000 patients entering the model, 4725 patients 
(47%) achieved remission on standard dose 5- ASA 
compared with 6565 patients (66%) on optimised 5- ASA, 
a relative increase of 39% for the latter (figure 2A). This 
led to 1840 patients (18%) avoiding systemic steroids 
due to the use of the optimised 5- ASA regimen (3435 
vs 5275, respectively; 35% relative reduction in steroid 
use). When assessing use of anti- TNF therapies for those 
failing on systemic steroids, 1323 patients (13%) avoided 
biological therapy in the optimised vs standard 5- ASA 
pathway (2469 vs 3792 patients, respectively; 35% relative 
reduction).

An analysis of AEs (related to escalation to systemic 
steroids such as prednisolone) showed that seven VTE 
events (95% CI 6 to 7) along with 92 psychological AEs 
(95% CI 53 to 132, effects such as steroid psychosis, 
mood disturbances, appetite changes and sleep distur-
bances), 239 gastrointestinal AEs (95% CI 167 to 311), 

https://dx.doi.org/10.1136/bmjgast-2021-000853
https://dx.doi.org/10.1136/bmjgast-2021-000853
https://dx.doi.org/10.1136/bmjgast-2021-000853
https://dx.doi.org/10.1136/bmjgast-2021-000853
https://dx.doi.org/10.1136/bmjgast-2021-000853
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151 dermatological AEs (95% CI 92 to 209), 198 neuro-
logical AEs (95% CI 103 to 293, effects, such as head-
ache, vertigo, dizziness and tinnitus) and 82 infection 
AEs (95% CI 30 to 134) were potentially avoided by the 
reduced exposure to systemic steroids in the optimised 
arm. When considering anti- TNFs, the following AEs 
were potentially avoided by optimisation: 44 (95% CI 18 
to 70, if treated with golimumab) or 83 (95% CI 53 to 
112, if treated with adalimumab) injection- related reac-
tions; 151 infusion- related reactions (95% CI 73 to 233, 
if treated with infliximab); and 4 (95% CI 0 to 12, golim-
umab) or 8 (95% CI 0 to 18, adalimumab) serious infec-
tions (no relevant data on serious infections was available 
for infliximab). Additional data available for golimumab 
showed 40 headaches (95% CI 15 to 65), 44 cases of naso-
pharyngitis (95% CI 18 to 70) and 36 anaemia episodes 
(95% CI 12 to 59) could potentially be avoided.

Maintenance
There were 6565 patients who entered the maintenance 
phase of the model (those achieving remission on opti-
mised 5- ASA). During maintenance, 2311 patients expe-
rienced relapse with standard maintenance (effective 
relapse rate of 35%), whereas 1830 patients experienced 

relapse with optimised maintenance (effective relapse 
rate of 28%). There were, therefore, 480 patients who 
avoided relapse due to the optimised maintenance 
regimen, which is an improvement of 21% compared with 
standard maintenance (figure 2B). If these excess relapses 
were returned to the standard induction pathway again 
this would lead to an additional 297 patients requiring 
oral steroids (5% of maintenance population) and 214 
patients requiring anti- TNF therapy (3% of maintenance 
population); these were avoided through the use of the 
optimised maintenance regimen.

Costs
In the induction phase, the acquisition and adminis-
tration costs of anti- TNF and systemic steroids avoided 
were £5.4m which were partially offset by the additional 
cost of treatment in the optimised 5- ASA treatment 
pathway (£1.8m). Taken together, this led to a net cost 
saving for the optimised 5- ASA pathway of £3.5m over 
standard 5- ASA therapy in the induction of remission. 
This is equivalent to an average net saving of £354 per 
patient from optimised 5- ASA therapy.

In the maintenance phase, there were additional 
costs from the optimised treatment strategy of £1.7m. 

Figure 2 Induction and maintenance phase results. Flow diagram showing how patient numbers progress through key points 
of the induction (A) and maintenance (B) phases. 5- ASA, 5- aminosalicylate; mesalazine; UC, ulcerative colitis.
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However, this was partially offset by the additional 
costs of reintroducing induction therapy (starting 
with systemic steroids) for the patients experiencing 
a relapse in the standard maintenance arm, which 
totalled £1.0m. Altogether, there was a net additional 
cost of treatment (acquisition and administration) for 
the optimised arm of £0.8m, equivalent to an average 
cost of £125 per patient entering the maintenance 
phase of the model.

When these two treatment phases are combined, the 
model shows a net cost saving for the optimised treat-
ment strategy of £2.7m. This works out to be an average 
saving of £272 per patient entering the model for the 
induction and maintenance of remission over 1 year. 
Full results of this cost analysis are included in online 
supplemental table 6.

Scenario and sensitivity analyses
The one- way sensitivity analysis results (figure 3A) show 
that in the induction phase, high- dose combined 5- ASA 
and low- dose combined 5- ASA efficacy were the inputs 
that have the greatest impact on results. These inputs 
acted in opposite directions on the model as they are 
primarily used in opposing arms of the model. Under 

this sensitivity analysis the patients who avoid systemic 
steroids reached a minimum of 1250 and a maximum 
of 2429 (base case 1840), showing a substantial benefit 
to the optimised treatment pathway under a range of 
efficacy inputs. For the maintenance phase, (figure 3B) 
low- dose oral and low- dose oral with FC monitoring 
were the inputs that have the greatest impact on results. 
Again, these inputs acted in opposite directions on the 
model as they are primarily used in opposing arms of 
the model. Under this sensitivity analysis, the patients 
who avoided relapse reached a minimum of 163 and a 
maximum of 797 (base case 480) under the optimised 
treatment pathway relative to standard dosing.

When a definition of combined remission (patients 
achieving both clinical and endoscopic remission) was used 
as an alternative scenario in the induction phase, there 
were 1140 patients who would avoid systemic steroids and 
819 who would avoid biologics (vs the base case of 1840 and 
1323, respectively). This analysis was limited in that where no 
data were available for combined remission for a treatment, 
the base case inputs were used. The scenario excluding the 
use of optimised oral steroids in left- sided/extensive disease 
led to 841 patients avoiding oral steroids and 604 avoiding 

Figure 3 One way sensitivity analyses results. Tornado diagrams showing impact of varying efficacy inputs by ±20% in 
induction (A) and maintenance (B) phases. As main model outcomes are clinical, these are presented as number of patients 
avoiding oral steroids (induction), (A) or number of patients avoiding relapse (maintenance), (B). Some inputs act in opposite 
directions on the model outputs when they are primarily associated to opposing arms of the model. 5- ASA, 5- aminosalicylate; 
mesalazine; FC, faecal calprotectin.

https://dx.doi.org/10.1136/bmjgast-2021-000853
https://dx.doi.org/10.1136/bmjgast-2021-000853
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anti- TNF therapy during induction. In the analysis where 
FC was not used within the maintenance phase (fixed dose 
of 5- ASA), 160 relapses would be avoided, which compared 
with 480 in the base case. This equates to the potential for 
320 relapses to be prevented when FC monitoring is used to 
guide 5- ASA dose escalation rather than patients remaining 
on standard dose 5- ASA. The final scenario analysis that 
used a mix of therapies after systemic steroids found that 
in induction this led to an additional cost of treatment of 
£3.0m (compared with £5.4m in the base case). Under this 
scenario, there was a net cost saving for the optimised 5- ASA 
pathway of £1.2m, equivalent to an average net saving of 
£119 per patient (compared with £359 per patient in the 
base case). For the maintenance phase, the reinduction 
costs were £0.6m in this scenario (compared with £1.0m in 
the base case). This led to a net additional cost for the opti-
mised arm of £1.2m, equivalent to an average cost of £183 
per patient (compared with £124 per patient in the base 
case). This scenario highlights that costs are strongly influ-
enced by the costs of advanced therapies used after systemic 
steroid failure in these patients. It also highlights that even 
under this scenario with reduced costs for advanced thera-
pies, the optimised pathway has cost savings in the induction 
phase that match the increased costs in the maintenance 
phase. For the overall costs of both treatment phases, these 
scenario analyses demonstrate a range from an additional 
cost of £1.26 per patient when using a mix of therapies in 
place of anti- TNFs to a saving of £283 per patient when not 
using FC monitoring (a marginal increase in cost above the 
base case of £277 saving per patient).

DISCUSSION
The modelling conducted in this study indicates that an 
optimised treatment pathway for mild- to- moderate UC 
has clear benefits for patients and healthcare systems. The 
optimised pathway allowed a substantial additional number 
of patients (a relative increase of over a third (39%)) to 
achieve remission without requiring systemic steroids (such 
as prednisolone) or advanced therapies (such as anti- TNFs). 
The modelling showed that the use of optimised 5- ASA and 
optimised oral steroids both contributed to achieving this 
benefit. The optimised pathway also allowed more patients 
to maintain this remission over 12 months (11% increase 
in patients maintaining remission). The ability to achieve 
and maintain remission using optimised 5- ASA therapy and 
locally acting steroids has several key clinical benefits. First, 
these treatments are able to achieve remission rapidly and 
are generally well tolerated.3 4 12 13 25 It is well documented 
that systemic steroids and advanced therapies, such as anti- 
TNFs, have the potential for serious AEs,5–8 31–34 which this 
study shows could be avoided in those achieving remission 
using an optimised approach. Almost 300 psychological 
and neurological AEs through exposure to systemic steroids 
(such as prednisolone) were avoided in the 10 000 patients 
modelled. Second, optimisation allows the advanced thera-
pies to be reserved until needed by maximising use of the 
current therapy before stepping up treatment—providing 

physicians more room for future therapeutic manoeuvre. 
This is particularly important when considering the well- 
documented development of anti- drug antibodies with 
anti- TNFs.32–34 Finally, the benefits of optimisation, as 
demonstrated in the model, should be taken in the context 
of patient quality of life and other wider benefits associated 
with achieving and maintaining remission for patients with 
UC. These benefits are why the steps of optimised treatment 
are recognised as the current best standard of care and are 
recommended in treatment guidelines.3 4

This study also included an economic analysis based 
solely on the costs of treatment, which showed that there 
are potential cost savings in the induction phase (£354 per 
patient) and a small additional cost in the maintenance 
phase (£125 per patient) associated with the use of the opti-
mised treatment pathway. Overall, these analyses imply that 
it is highly likely that implementing the optimised pathway 
would be cost beneficial (at the very least cost neutral) 
compared with the standard treatment pathway. The model 
shows an overall cost saving of £272 per patient entering the 
model. This analysis did not include additional healthcare 
costs associated with relapse, which were outside the scope 
and aim of the modelling. Additional costs that could be 
considered within full economic modelling would include 
costs related to medical practitioner time, diagnostic and 
additional procedures, hospital admissions, and with a wider 
perspective could also consider costs from lost productivity 
and impacts on carers time. A number of economic analyses 
have been previously published in this area, but these have 
only considered individual aspects of 5- ASA optimisation, 
including once daily dosing vs twice daily,17–20 combined 
5- ASA vs oral alone,21 and high- dose oral 5- ASA vs low- dose 
oral 5- ASA.22 In all cases, these analyses showed that the opti-
mised therapy was the dominant treatment option (lower 
costs and higher- quality- adjusted life- years).17–22 A further 
study focused on the costs and health- related quality of life 
(HRQoL) impacts of active UC and showed that there were 
high costs of care (direct and indirect) and adverse effects 
on HRQOL.35 Combined with the results from our model-
ling, it would suggest that the optimised treatment pathway 
is highly likely to be cost- saving and therefore likely to be 
dominant over the standard treatment pathway. This is a 
potential area for further investigation and future extension 
of this current model.

A key limitation of this model is that it represents a simpli-
fication of clinical reality, as it is assumed that patients follow 
the induction protocol in a strict sequential manner with no 
repeated courses or skipping of treatments. This decision 
was made to allow a clearer comparison and feasible model 
to be constructed. This means, however, that the model 
is not a perfect reflection of the clinical reality of treating 
patients with UC, and also that it cannot reflect variations in 
clinical practice between countries. The necessary simplifi-
cations have made a model that demonstrates the benefits 
of the optimised pathway in a slightly idealised situation. 
This does not detract from the results and the benefits 
shown for the optimised pathway but allows these benefits to 
be more clearly seen. Also, this approach and model allows 
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the benefits of a wider optimised pathway to be considered 
when previous studies have only focused on the benefits of 
individual optimisation approaches. This, therefore, allows 
this study to show the substantial benefits from a fully opti-
mised treatment pathway.

A further limitation is in the data available to use for 
construction of this model and the variation in definitions 
that have been used in trials of therapies in UC.11–13 This 
limited the definition of remission used in this model to 
clinical remission in the base case, when a definition of 
combined clinical and endoscopic remission would have 
been preferred as a more robust and clinically relevant defi-
nition. However, this is an issue that has been strongly influ-
enced by the evolution in thinking and treatment aims over 
the years and is, therefore, applicable to any study aiming to 
pool data on the efficacy of 5- ASA. This is counteracted by 
the large number of studies that have been conducted, and 
continued to be conducted, into these treatments which 
provides a comprehensive evidence base. The inputs to the 
model were also robust in that they were derived from well- 
conducted meta- analysis by credible independent groups, 
such as Cochrane. While a number of studies have looked 
at individual aspects of optimisation, a more comprehensive 
assessment of this strategy is desirable. The current OPTI-
MISE study aims to provide additional evidence in this area, 
including a more personalised approach to therapy esca-
lation and de- escalation.36 The OPTIMISE study should 
provide important new evidence in this area that comple-
ment the results from this model.

Another important factor in the efficacy of treatment is 
adherence to and persistence on therapy. This is particularly 
important during maintenance treatment where a longer 
duration of therapy is required in patients who are in remis-
sion and have no symptoms at that time. This model does 
not consider these two factors directly, but where available 
has used analyses based on an intention- to- treat approach, 
which therefore includes a consideration of patients who 
drop out and stop therapy. The model was not designed to 
consider the potential impact of adherence in a real- world 
setting, but maintenance phase therapies were the least 
onerous options to try and ensure that adherence would be 
maintained in a real- world setting. In this regard, the use 
of FC monitoring is particularly important as this allows 
patients to use a lower dose of 5- ASA and only escalate 
dosing as required. It should also be noted that this model 
used an FC threshold of 300 µg/g for dose escalation (pred-
icated on the clinical study providing efficacy data for this 
approach),24 although other thresholds have been investi-
gated for predicting relapse in UC.37 There could be argu-
ments for using a lower FC threshold to ensure treatment 
escalation occurs in time to prevent relapse, but current 
evidence is inconclusive. The best approach is likely to be 
based on clinical judgement for the FC values of an indi-
vidual patient (and their relative changes with treatment) 
to decide when treatment escalation should occur. Another 
advantage with the incorporation of FC monitoring should 
be that it helps to engage patients with their own treatment 
and, when combined with education to ensure that patients 

understand the requirements and importance of their 
therapy, should help to maintain adherence.

This study and modelling exercise highlights the poten-
tial clinical and cost benefits that can be achieved with an 
optimised treatment pathway. This includes a substantial 
number of patients avoiding the need for systemic steroids 
or other advanced therapies. Even without a full consider-
ation of quality of life effects and all disease- related costs, 
the economic analysis conducted showed that the optimised 
pathway was likely to be cost saving (or at the very least cost 
neutral). The wider adoption of an optimised treatment 
pathway would likely have great benefits for both patients 
and healthcare systems.
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