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Background: Dose escalation to optimize advanced therapies is common in ulcerative colitis (UC) to avoid intra-class or inter-class 
drug switching and maintain clinical response and has impact on costs. Given the limited real-world data available, this study aims to 
understand real-world dose escalation UC advanced therapies patterns in France and United Kingdom [UK].
Methods: Retrospective study in adult patients with moderate-to-severe UC starting an advanced UC therapy (adalimumab [ADA], 
golimumab [GOL], infliximab [IFX], tofacitinib [TOF], ustekinumab [UST], or vedolizumab [VED]) with first prescription (and/or 
dispensation for France) between January 2017 and February 2022 (ie advanced UC therapy new users, by excluding patients who 
used any of these drugs in the previous 12 months to their index date). Proportions of patients with dose escalation/de-escalation 
(±20% versus Summary of Product Characteristics) after maintenance date were estimated using Kaplan–Meier (KM) survival 
analyses. Clinical response, healthcare resource utilization (HRU) and direct costs related to UC were also analyzed.
Results: Within 6 months after start of maintenance, rate of at least one dose escalation was 74.1%. Overall, 83.9–89% of patients had 
dose escalation within the 12–24 months, respectively, and 61.6% had clinical response [ranging from 56.3% (ADA) to 77.0% (IFX)]. 
Direct annual HRU costs related to UC ranged between 7426 (IFX) EUR and 22,265 (UST) in France, with mean 11,181 EUR in the 
dose-escalation group vs 8323 EUR in the de-escalation group (+11.5%). In the UK costs ranged between 5006 (ADA) EUR and 
11,975 (UST).
Conclusion: Dose escalation of UC advanced therapies is a common strategy to avoid treatment-switching. Despite dose escalations 
and their cost to the system, a proportion of patients fail to achieve clinical response. This study highlights the need for more 
efficacious, durable treatments for moderate-to-severe UC patients, as the initiation of the advanced therapies did not reduce overall 
systemic/rectal corticosteroid burden.
Keywords: ulcerative colitis, dose escalation, biologics, economic cost, healthcare resource use (HRU)

Introduction
Ulcerative colitis (UC) is an inflammatory bowel disease (IBD) that affects the large intestine (colon and rectum)1 and 
causes inflammation and ulcers2,3 leading to various debilitating symptoms such as diarrhea, rectal bleeding, bowel 
urgency, and abdominal pain impacting patient’s quality of life. A characteristic feature of UC is that the disease typically 
occurs in relapses, with periods of relief (remission) and relapsing acute episodes (acute flare-ups including abdominal 
cramps and bloody diarrhea) of inflammation limited to the mucosal layer of the colon.3

A study carried out in 2013 estimated the prevalence of UC in Europe between 2.4 and 294 per 100,000 persons, or 
1.5 million persons affected by the disease. The incidence and prevalence of this disease continues to rise, resulting in 
ever-increasing care costs.4 The UC treatment strategy is mainly based on disease severity, and the goal is to induce and 
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maintain long-term remission.2,3,5 Several treatments are available: from the first-line conventional therapies (corticos
teroids, 5-aminosalicylates, and immunomodulators such as azathioprine)6 to advanced therapies (biologic therapies and 
oral small molecules). Advanced therapies are typically recommended when patients with moderate-to-severe UC have 
an inadequate response to conventional therapy, loss of response, or intolerance to conventional therapy or to another 
biologic.5 Additionally, up to 30% of UC patients have primary non-response to biologics or small molecules.7,8 While 
on treatment, due to the nature of the disease and development of antibodies to the biologics, the effectiveness of biologic 
therapies may decrease over time.9 Among those who respond to biologic therapies, previous studies have indicated that 
20–37% of patients lose response over time, with immunogenicity being the leading contributor.10,11

Optimization of UC advanced therapies in terms of dosing, treatment switching, and use of concomitantly prescribed 
agents have frequently been observed,12 even in patients who achieved clinical remission in the 12 months after therapy 
initiation.9 This strategy has the advantage of potentially preventing intra-class or inter-class drug switching and 
maintaining remission. However, dose escalation of advanced therapies has an impact on healthcare resource utilization 
(HRU) and costs. Different indicators, based on changes in treatment patterns and HRU have been validated as 
meaningful quality measures for real-world efficacy retrospective analysis of medical records.9 In addition, it has been 
shown that the data on dose escalation levels, and associated clinical outcomes could be used as the basis for an 
economic analysis of dose escalation and treatment switching.13

Given the emergence of novel therapeutic approaches to UC in recent years, further studies are needed to assess the 
impact of UC treatment selection in real-world settings. New therapeutic options available in 2024, such as Etrasimod, 
Upadacitinib, and Mirikizumab, target different pathways involved in the disease’s pathogenesis14 as opposed to 
traditional biologic advanced therapies (adalimumab [ADA], golimumab [GOL], infliximab [IFX], tofacitinib [TOF], 
ustekinumab [UST], and vedolizumab [VED]). Etrasimod, a selective sphingosine 1-phosphate (S1P) receptor modulator, 
reduces lymphocyte migration to the inflamed gut, thereby decreasing inflammation and promoting mucosal healing. 
Upadacitinib, a Janus kinase (JAK) inhibitor, selectively targets JAK1 to reduce inflammation, while Mirikizumab, an 
anti-IL-23 monoclonal antibody, targets the IL-23 cytokine involved in the inflammatory process. These drugs offer 
improved efficacy, better safety profiles, and greater convenience, providing new hope for UC patients with limited 
treatment options. To provide better context on real-world dose escalation/de-escalation patterns of traditional biologic 
advanced therapies just before the availability of these newer drugs, we conducted a retrospective database study in 2023 
among patients with moderate-to-severe UC in selected European countries (France and the United Kingdom [UK]). 
A new-user design was chosen, ie prior use of a biologic treatment was excluded in the 12 months prior to the index date, 
in order to be able to properly compare the sub-cohorts. The advantages over a prevalent-user design are to minimize 
potential immortal time bias and treatment/channeling bias, in line with ISPOR Guidelines for comparative 
effectiveness.15 Secondary study objectives included: 1) to describe clinical characteristics of patients initiating UC 
advanced drugs in clinical practice; 2) to explore factors predicting dose escalations; 3) to describe the clinical response 
and the UC-related HRU during the study period; and 4) to estimate annual direct medical costs due to UC in this 
population.

Materials and Methods
Study Design and Source of Data
This was a retrospective cohort study, based on a subset of patients from The Health Improvement Network (THIN®) 
database in France and UK. THIN® includes only fully anonymized data (sociodemographic data, disease diagnoses 
[described using Read codes], diagnostic/laboratory tests, referrals, and drugs prescriptions issued by the physicians) 
from electronic medical records (EMR) collected voluntarily at the physicians-level and coded using the International 
Classification of Diseases, 10th Revision (ICD-10) codes.

The research database, THIN®, obtained ethical approval from the French National Data Protection Authority (CNIL) 
for data collection since 2002. In the UK, ethical approval was granted by the NHS South-East Multicenter Research 
Ethics Committee in 2003 (ref: 03/01/073) for establishment of the THIN® database, and the approval was extended in 
2011 and 2020 (ref: 20/SC/0011). As this was a retrospective study using only fully anonymized patient data, no 
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additional ethical approval was required in these countries, as it no longer constitutes personal data under the UK Data 
Protection Act 2018 and the Health Research Authority (HRA) Policy, in UK, and under the French Data Protection Act 
and French Code of Public Health, in France.

Since there are limited data sources available for the purpose of the study objectives within these countries, THIN® 

was chosen. THIN® France data has been routinely collected by 2000 General Practitioners (GPs) and by hospital 
specialists, including 130 gastroenterologists, covering more than 4.8 million patients per year. While THIN® UK data 
has been collected by around 850 GPs (including specialist referrals), covering more than 2.6 million patients per year.

Patient Selection
The study cohort included adult patients (≥18 years) starting a UC advanced therapy (index date) from January 1, 2017, to 
February 23, 2022, and with prior UC diagnosis. Patients were required to be new-users, ie they should have not received 
any biologic UC advanced therapy within 12 months prior to their index date. Therapies of interest were: adalimumab 
[ADA], golimumab [GOL], infliximab [IFX], tofacitinib [TOF], ustekinumab [UST], and vedolizumab [VED]. New users 
of UC advanced therapies were identified based on the first prescription (and/or dispensation in France) of these drugs of 
interest (recorded in their electronic health records (EHRs)) between January 2017 and February 2022. UC diagnosis was 
identified by the local codes in THIN® France and THIN® UK (Supplementary Table 1). All patients included in this study 
had been previously treated with conventional systemic therapies for UC before starting UC advanced therapies.

In addition, patients were required to have at least 12 months of data in the EHR system prior to the UC advanced 
therapy start and have data entered in the EHR after UC advanced therapy start. All available patient data up to 
February 27, 2023, was extracted.

Patients were excluded from the analysis if they had any of the following: a diagnosis of an alternative indication of 
the index therapy drug prior to the index date, prescription or dispensation for any of the UC advanced therapies of 
interest in the 12-month prior to the first prescription period, prescription or dispensation for a second UC advanced 
therapy drug at index date.

Study Period
The index date was the first prescription date of any of the UC advanced therapy drugs of interest. The observation period 
for case identification (new users of UC advanced therapies) in the THIN® database ranged between January 2017 and 
February 2022. The baseline period (covariate assessment period) comprised 12 months prior to the index date, ranging 
from January 2016 to February 2022. The follow-up period (outcome assessment period) comprised the period to collect 
outcomes information from index date up to last date of recorded patient activity on the EHR, death, or end of data 
availability, whichever occurred first, ranging January 2017 to February 2023. The complete study period was from 
baseline period until end of follow-up period (from January 1, 2016, and February 27, 2023).

Statistical Analysis
Data were collected and analyzed at baseline, at maintenance date (after induction period of each advanced therapy drug, 
see Supplementary Table 2), and every 6 months after maintenance date until end of follow-up. Descriptive analyses 
were performed for all baseline demographic and clinical characteristics and outcomes of interest. For continuous 
variables, the distribution of each of the study variables was summarized in terms of the mean, standard deviation 
(SD), median, and range of values. For categorical variables, the number and proportion at each level of the variable, 
with 95% confidence intervals (CI) around the proportion, were reported. Time-to-event outcomes were analyzed by 
using Kaplan–Meier (KM) survival function. Multivariate Cox regression was used to compare dose escalation between 
treatments. Inverse propensity score weights (IPTW) were used to balance the cohorts by their baseline and clinical 
characteristics (age, weight, gender, index year, prior and concomitant medications, comorbidities, erythrocyte sedimen
tation rate [ESR], and hemoglobin). IPTW was calculated using a logistic regression model for multiple treatment 
groups.16

In the main analyses, missing data were not imputed (observed case approach). Only for clinical response and dose 
escalation/de-escalation analysis, a “non-responder imputation” (NRI) was performed.
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Patients were followed in an “as-treated” (AT) approach from their index date until the occurrence of earliest of the 
following: discontinuation of UC advanced therapy (defined as a gap of 60 days in continuous exposure, ie from end of 
last supply to start of subsequent supply), switch/addition of another UC advanced therapy, death, end of follow-up 
(defined as a gap of 60 days without having any healthcare data registered), end of data source availability (up to 
February 27, 2023). In the analysis of UC-related HRU and direct costs by country, patients were followed in an 
“intention to treat” (ITT) manner, ie without excluding information after discontinuation or switch of UC Advanced 
therapy, to allow assessment of the 12-month impact.

All analyses were conducted using commercially available statistical software (SAS version 9.2; SAS Institute Inc., 
Cary, NC, USA).

Baseline characteristics included: age (at index date), gender, race (only for UK, not available for France), height, 
weight, prior and concomitant medication (at index date), prior UC therapies (and duration) and associated comorbidities.

UC patients’ exposure was assessed during the induction period and during the maintenance period independently. 
The induction period was calculated based on the induction period specified in the Summary of Product Characteristics 
(SPC) of the UC drugs (Supplementary Table 2). The maintenance period was calculated from the index date.

Assessment of Dose Escalation
Escalation or de-escalation was determined by comparing the prescribed daily dose with the lowest SPC recommended 
daily dose during the maintenance period for adult patients with UC. Consequently, a patient might undergo multiple 
escalations and de-escalations during the follow-up period (non-excluding events). Any increase or decrease of at least 
20% of the dose (due to dose increase/decrease or change in dosing interval/schedule) during the maintenance period 
compared to the recommended dose in the SPC was considered dose escalation or de-escalation, respectively. For 
infliximab, since dosing is weight-based, in case weight was not available from data source, the index dose was used to 
derive an average daily baseline maintenance dose. This was calculated by dividing the total quantity prescribed at 
index day by 56 (based on the labelled maintenance dose frequency of 8 weeks, or 56 days).

Daily dose calculation used details from the prescription (including number of boxes, duration, frequency, quantity, 
and other labelling information). Daily dose (mg/day) was computed using two methods. When both the number of boxes 
(Nbox) and duration of the prescription (Days) were recorded:

Where mgbox referred to the amount of drug substance in mg per box.
If the duration of the prescription was missing, it was estimated based on the days until the next identical prescription. 

Due to the nature of the prescription, the estimated duration was rounded to the nearest full week, imputing the duration 
in increments of 7 days. When the number of boxes was missing in the prescription, daily dose was calculated as:

where Quant represented the prescribed quantity (number of syringes, tablets, etc, depending on the drug product), mgunit 

was the amount of drug substance for each unit, and Freq was the prescribed frequency in days for taking the drugs, for 
example, weekly (7 days), bi-weekly (14 days), or monthly (30 days).

According to the definition of the variables in the dataset, the daily doses calculated from these two formulas should 
ideally be identical. If daily dose could be calculated through either method, and if there were discrepancies between the 
two calculated doses, the dose closer to the SPC recommended dose was selected.

For patients with repeated prescriptions with the same product, if the daily dose could not be computed for certain 
entries, a carry-forward imputation method was applied. Any prescriptions where the daily dose could not be determined 
by either formula or carried forward was marked as missing. There were no alternative imputation methods utilized in 
this analysis.
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The proportion of patients with dose escalation during the maintenance period, therefore excluding the induction 
period, was assessed. While the SPC can suggest different doses, primary analyses were based on a less stringent criteria 
for dose escalation/de-escalation, and the lowest SPC recommended dose for the maintenance period was used to identify 
the dose escalation/de-escalation; as a sensitivity analysis, a more stringent criterion was applied by using the highest 
SPC dose as reference (Supplementary Table 3). For the subgroup analyses, patients with at least one escalation in the 
first 6 months were categorized into the escalation group, even if they experienced several dose de-escalations during this 
time. Conversely, patients without any escalations but with at least one de-escalation in the first 6 months were placed in 
the de-escalation group. Those without escalation or de-escalations were considered to have a stable dose.

Clinical Response
Responders to a UC advanced therapy drug were defined as patients with all three following surrogate endpoints: no 
hospitalization related to UC nor colectomy; no treatment discontinuation, no switch to or addition of another UC 
advanced therapy; and no exposure to systemic corticosteroids. The proportion of patients with clinical response was 
assessed at maintenance date and every 6 months thereafter until the end of data availability.

UC-Related Healthcare Resource Utilization and Direct Costs
Healthcare resource utilization (HRU) (UC-related consultations, hospitalizations, ER admissions, diagnostic tests, UC 
drugs, and non-drug interventions [eg dietary, lifestyle]) during the study period (ITT-approach) was described as number 
and proportion of subjects with at least 1 use and, among these, mean (SD) number of uses. Direct yearly costs were then 
estimated by applying unit costs to each patient´s HRU and described separately by country and index therapy cohort, 
when possible (Supplementary Table 4). To account for the censoring bias due to patients lost to follow-up, and in order 
to be able to estimate the yearly cost per patient with minimum bias, Lin’s method,17 which utilizes Kaplan–Meier 
survival estimates for re-weighting, was employed. In this approach, the yearly cost per patient was derived by averaging 
monthly costs, each weighted by the likelihood of survival for that specific month. More specifically, the full follow-up 
period was divided into K months and the weighted yearly average for HRU was calculated as

Where Ŝk is the survival probability estimated from Kaplan–Meier estimator for the kth month after index date and Ĉk is 
the estimated cost averaged across patients still under study. In this study, patients were assumed to be censored at the 
end of each month. Using the formula above, two approaches were applied to estimate the yearly cost. In the first 
approach, the monthly cost was calculated solely based on patients who had experienced at least one HRU event. In 
the second approach, costs were averaged across all patients who remained in the study (with any HRU data available). 
The costs were additionally examined both by individual HRUs and in aggregate. Given that the survival analysis was 
based on the overall follow-up status of patients, the survival probabilities estimated for the calculations remained 
consistent across all types of HRUs. Direct UC-related costs were also estimated by subgroups based on dose escalation/ 
de-escalation/stable dose during the AT follow-up, when the dose information was available.

Results
Figure 1 summarizes the patient disposition. Of the 2446 patients with UC diagnosis in the THIN® database between 
January 2017 and February 2022, 1663 (68%) patients met the eligibility criteria (777 and 886 patients for UK and 
France, respectively). The mean (SD) follow-up time was 155 (259) days in the AT approach, and 462 (488) days in the 
ITT approach (Supplementary Table 5). Only 26.6% of patients in the UK were still on follow-up at the start of 
maintenance, compared to 71.2% in France. Beyond 6 months, the main reason for study drop-out was discontinued 
follow-up (Figure 1).
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Baseline Characteristics
Patient demographics, comorbidities, and concomitant medications, by treatment cohort, are shown in Table 1. 
Overall, all treatment cohorts were similar in mean (SD) age (range from 43 (15.6) IFX to 47 (18.5) years old 
VED), and female/male distribution (from 44.6% to 56.8% of females in IFX and GOL, respectively). Most 
patients initiated the index UC therapy drug in 2020–2021 (942 [56.6%] patients). The number of patients 
initiating UC therapy drug increased through time reaching a peak in 2021 (545 [32.8%] patients). Prior and 
concomitant UC therapies prescribed at index date were similar among treatment cohorts. Main prior and 
concomitant therapy taken was systemic/rectal corticosteroids (913 [55.0%] and 875 [52.6%] patients, respec
tively). A total of 1240 [75.0%] patients had no comorbidity in their medical records and 414 (25.0%) had any 
comorbidities. Mean time between symptoms onset and UC diagnosis was 377 (433) days (Table 1).

Dose Escalations and De-Escalations
Within the first 6 months after the start of maintenance period, KM-estimated mean (95% CI) rates of at least one dose 
escalation and at least one dose de-escalation were 74.1% (71.2–77.1%) and 57.8% (54.5–61.1%), respectively (Figure 2A 
and Supplementary Figure 1A). Overall, only 14.5% of subjects did not have any escalation or de-escalation (stable dose). 
Within the first 12 months after start of maintenance period, KM-estimated rate of at least one dose escalation was 83.9%. 
Dose escalation rates were higher in patients initiating UST, GOL, and ADA whereas patients initiating IFX showed the 
lowest rate (Figure 2A). At 18 months, all patients (100%) with UST had a dose escalation, and all patients treated with GOL 
and TOF had a dose escalation by 24 months (Figure 2A). For dose de-escalation, the highest rate was observed with IFX and 
ADA whereas patients initiating UST showed the lowest rate of dose de-escalation (Supplementary Figure 1A). Up to 24 
months, 89% of patients (range 33% [IFX] to 100% [GOL, TOF, and UST]) had dose escalation, with a median % dose 
increase ranging from +15% [VED] to +198% [GOL] (Figure 2A).

With the more stringent criteria (ie versus highest recommended dose in the SPC), dose escalation and de-escalation 
rates at 6 months were 36.0% and 83.7%, respectively (Supplementary Figure 2).

Kaplan–Meier (KM) estimates of overall median (95% CI) time before first dose escalation and de-escalation 
were 2.1 (1.8, 2.4), and 4.0 (3.1, 4.5) months, respectively. While the median time before first dose escalation for 
IFX was not estimable due to lack of events, for other therapies, the shortest median time to dose escalation was 
found in the UST cohort (0.7 [0.3–1.6] months), and the longest time in the VED cohort (4.6 [3.3–8.1] months) 
(Figure 2B). Regarding dose de-escalation, the shortest time observed in the IFX, and the longest in the GOL 
(Supplementary Figure 1B). After discontinuation of the index UC drug, 110 subjects (17.8% of the total sample 
and 48.5% of patients under follow-up at 12 months post-maintenance) received a subsequent line of advanced 
therapy, of whom 79 (72%) required at least one dose escalation.

Figure 1 Cohort Flow Diagram by Countries.
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Table 1 Baseline Demographic and Clinical Characteristics of Patients Starting First-Line UC Advanced Therapies in France and in UK Between January 2017 and February 2022

Adalimumab 
(n=836)

Golimumab 
(n=132)

Infliximab 
(n=315)

Tofacitinib 
(n=71)

Ustekinumab 
(n=55)

Vedolizumab 
(n=254)

Total  
(N=1663)

Age Mean (SD) 44 (15.5) 46 (14.8) 43 (15.6) 46 (15.6) 47 (17.3) 47 (18.5) 45 (16.1)

Height* Mean (SD) 169.6 (12.3) 166.1 (9.7) 169.8 (13.2) 170.4 (10.2) 167.0 (10.2) 169.2 (10.8) 169.3 (12.0)

Weight* Mean (SD) 75.2 (19.3) 69.5 (17.8) 79.9 (18.4) 76.7 (20.3) 73.7 (21.4) 75.8 (20.3) 75.8 (19.4)

Gender Female, n (%) 377 (45.1%) 75 (56.8%) 140 (44.6%) 39 (54.9%) 28 (50.9%) 118 (46.5%) 777 (46.7%)

Index Year 2017 79 (9.5%) 25 (18.9%) 36 (11.5%) 0 (0%) 1 (1.8%) 10 (3.9%) 151 (9.1%)

2018 127 (15.2%) 24 (18.2%) 48 (15.3%) 0 (0%) 2 (3.6%) 20 (7.9%) 221 (13.3%)

2019 148 (17.7%) 21 (15.9%) 61 (19.4%) 15 (21.1%) 7 (12.7%) 26 (10.2%) 278 (16.7%)

2020 212 (25.4%) 26 (19.7%) 58 (18.5%) 27 (38.0%) 12 (21.8%) 62 (24.4%) 397 (23.9%)

2021 246 (29.4%) 32 (24.2%) 93 (29.6%) 27 (38.0%) 30 (54.6%) 116 (45.7%) 545 (32.8%)

2022 24 (2.9%) 4 (3.0%) 18 (5.7%) 2 (2.8%) 3 (5.5%) 20 (7.9%) 71 (4.3%)

Prior or Concomitant 
Therapies

None 228 (27.3%) 27 (20.5%) 91 (29.0%) 11 (15.5%) 18 (32.7%) 73 (28.7%) 448 (26.9%)

Prior Therapy at any time before index date

Aminosalicylates 512 (61.24%) 86 (65.15%) 175 (55.73%) 41 (57.75%) 16 (29.09%) 159 (62.6%) 989 (59.47%)

Corticosteroids 456 (54.55%) 78 (59.09%) 171 (54.46%) 44 (61.97%) 32 (58.18%) 150 (59.06%) 932 (56.04%)

Immunomodulators** 255 (30.5%) 23 (17.42%) 126 (40.13%) 16 (22.54%) 8 (14.55%) 59 (23.23%) 488 (29.34%)

Concomitant Therapy Advanced UC 
Therapy

147 (17.6%) 25 (19.0%) 71 (22.6%) 20 (28.2%) 10 (18.2%) 45 (17.7%) 318 (19.1%)

Aminosalicylates 147 (17.58%) 25 (18.94%) 71 (22.61%) 20 (28.17%) 10 (18.18%) 45 (17.72%) 318 (19.12%)

Corticosteroids 449 (53.7%) 81 (61.4%) 151 (48.1%) 36 (50.7%) 23 (41.8%) 134 (52.8%) 875 (52.6%)

Immunomodulators** 7 (0.8%) 2 (1.5%) 8 (2.6%) 3 (4.2%) 1 (1.8%) 3 (1.2%) 24 (1.4%)

Comorbidities Any Comorbidities 256 (31.0%) 53 (40.2%) 42 (13.4%) 11 (15.5%) 17 (30.9%) 34 (13.4%) 414 (25.0%)

None 571 (69.0%) 79 (59.9%) 272 (86.6%) 60 (84.5%) 38 (69.1%) 220 (86.6%) 1240 (75.0%)

Ankylosing Spondylitis 21 (2.5%) 5 (3.8%) 2 (0.6%) 1 (1.4%) 0 0 29 (1.8%)

Arthropathy 14 (1.7%) 1 (0.8%) 2 (0.6%) 2 (2.8%) 0 1 (0.39%) 20 (1.21%)

Atopic Dermatitis 2 (0.2%) 0 5 (1.6%) 0 1 (1.8%) 2 (0.8%) 10 (0.6%)

Chronic obstructive pulmonary 
disease (COPD)

5 (0.6%) 1 (0.8%) 2 (0.6%) 0 0 4 (1.6%) 12 (0.7%)

Chronic infection 0 0 1 (0.3%) 0 0 0 1 (0.1%)

Erythema nodosum 3 (0.4%) 1 (0.8%) 1 (0.3%) 0 0 1 (0.4%) 6 (0.4%)

Hepatitis 5 (0.6%) 0 2 (0.6%) 0 1 (1.8%) 1 (0.4%) 9 (0.5%)

Liver disease 2 (0.2%) 1 (0.8%) 0 0 0 0 3 (0.2%)

Malignancies 215 (26.0%) 45 (34.1%) 23 (7.3%) 8 (11.3%) 12 (21.8%) 18 (7.1%) 322 (19.5%)

Peripheral arthritis 5 (0.6%) 0 0 1 (1.4%) 1 (1.8%) 0 7 (0.4%)

Psoriasis 5 (0.6%) 2 (1.5%) 1 (0.3%) 3 (4.2%) 2 (3.6%) 3 (1.2%) 16 (1.0%)

Rheumatoid Arthritis 4 (0.5%) 0 0 0 0 0 4 (0.2%)

Uveitis 5 (0.6%) 0 3 (1.0%) 0 0 1 (0.4%) 9 (0.6%)

Osteoporosis 4 (0.5%) 1 (0.76%) 2 (0.6%) 0 0 2 (0.8%) 9 (0.6%)

(Continued)
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Table 1 (Continued). 

Adalimumab 
(n=836)

Golimumab 
(n=132)

Infliximab 
(n=315)

Tofacitinib 
(n=71)

Ustekinumab 
(n=55)

Vedolizumab 
(n=254)

Total  
(N=1663)

Primary sclerosing cholangitis 4 (0.5%) 0 1 (0.3%) 0 0 2 (0.8%) 7 (0.4%)

Transplant 0 0 0 0 0 1 (0.4%) 1 (0.1%)

Laboratory Parameter Haemoglobin <10.5 g/dl Yes 116 (34.5%) 26 (83.9%) 12 (6.6%) 4 (9.3%) 6 (40.0%) 17 (11.3%) 181 (23.9%)

Time between symptoms and 
UC diagnosis

Time between symptoms onset and UC diagnosis, mean 
(SD) in days

368 (429) 354 (435) 413 (444) 669 (445) 347 (484) 359 (379) 377 (433)

Notes: Results for upadacitinib are not shown since there is only one patient, but they are included in the “Total” column. Patient with prior UC advanced therapy (not considering corticosteroids) within the last year were excluded. All 
patients are considered to receive UC biological treatments as a first-line. *Missing values from overall/treatment cohort number of patients. Current numbers for height: 491 (adalimumab), 71 (golimumab), 241 (infliximab), 47 
(tofacitinib), 32 (ustekinumab), and 201 (vedolizumab); Current number for weight: 655 (adalimumab), 108 (golimumab), 275 (infliximab), 57 (tofacitinib), 48 (ustekinumab), and 231 (vedolizumab). **Including cyclosporine, tacrolimus. 
Abbreviations: F, Female; Lab, Laboratory; M, Male; Max, Maximum; Min, Minimum; N, Number of patients; N miss, Number of missing data; Q1, Quartile 1; Q3, Quartile 3; SD, Standard Deviation.
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Figure 2 (A) Kaplan Meier (KM)-estimated percentages of patients with dose escalation (ie, received an average daily dose >20% higher than specified in the label) during 
the maintenance phase until 24 months of follow-up, by treatment cohort (As-Treated [AT] approach). (B) KM Curve for Time to First Dose Escalation by treatment cohort 
(AT approach).
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Factors Associated with Dose Escalation
In a multivariate Cox model predicting the risk of first-dose escalation, pairwise comparisons between all advanced 
therapies drugs were performed, adjusting also by additional confounders (only the use of concomitant medication 
remained as independent predictor factor). Using IPTW to adjust for potential baseline confounding, ADA and GOL 
were significantly associated with higher risk of dose escalation vs IFX (HR [95% CI]: 17.9 [5.5,58.1], and 23.5 
[7.1,77.8], respectively) and vs VED (HR [95% CI]: 2.8 [1.4,5.3], and 3.7 [1.8,7.3], respectively); UST was associated 
with higher risk vs VED (HR [95% CI]: 9.0 [3.6,22.7]). ADA and GOL were significantly (p<0.05) associated with lower 
risk of dose escalation vs UST (HR [95% CI]: 0.3 [0.2,0.6], and 0.4 [0.2,0.8], respectively); IFX vs TOF, UST, and VED 
(HR [95% CI]: 0.1 [0.02,0.4], 0.02 [0.00,0.1], and 02 [0.04,0.6], respectively); and TOF vs UST (HR [95% CI]: 0.2 
[0.1,0.6]). Having at least 1 concomitant UC medication was associated with 40% higher risk of dose escalation (HR 
[95% CI]: 1.4 [1.1, 1.8]) (Supplementary Table 6).

Clinical Response
Overall, 516 (61.6%) patients achieved clinical response definition (no UC-related hospitalization, no colectomy; no 
treatment discontinuation/switch or addition of another UC advanced therapy; and no systemic corticosteroids exposure) 
during the study. Up to 6 months after maintenance start, 571 (68.1%) out of 838 patients had clinical response to UC 
advanced therapies. Proportions of patients with clinical response, based on the number of patients in study at each time 
point, increased up to 18 months and remained stable afterwards (Table 2). For patients with at least one escalation, 
58.2% experienced a clinical response (range from 50.7% [GOL] to 77.8% [TOF]) during the whole study follow-up; for 
patients with no escalation, a similar percentage was observed (56% overall; range from 43.8% [ADA] to 83.3% [TOF]) 
(Figure 3). A total of 52.6% of patients were treated concomitantly with systemic/rectal corticosteroids during UC 
advanced therapy, with similar percentages to those reported before UC advanced therapy start, except for TOF and UST 
(Supplementary Figure 3).

UC-Related Health Care Resource Utilization and Direct Costs
Table 3 summarizes the UC-related HRU (consultations [visits to general practitioners (GP) or specialists], hospitaliza
tions or ER, diagnostic tests, UC drugs and non-drug interventions) during the study period (ITT approach) by country 

Table 2 Clinical Response by Time Interval and Treatment Cohort From Maintenance Start to End of Data Availability (AT Approach)

Adalimumab Golimumab Infliximab Tofacitinib Ustekinumab Vedolizumab Total

Overall N 494 98 100 30 19 96 838

n (%) 278 (56.3%) 56 (57.1%) 77 (77.0%) 23 (76.7%) 12 (63.2%) 69 (71.9%) 516 (61.6%)

Maintenance start to 6 
Months of follow-up

N 494 98 100 30 19 96 838

n (%) 320 (64.8%) 63 (64.3%) 79 (79.0%) 25 (83.3%) 13 (68.4%) 70 (72.9%) 571 (68.1%)

From 6 to 12 Months N 254 58 57 14 9 43 435

n (%) 186 (73.2%) 41 (70.7%) 54 (94.7%) 13 (92.9%) 8 (88.9%) 40 (93.0%) 342 (78.6%)

From 12 to 18 Months N 120 37 31 8 4 27 227

n (%) 97 (80.8%) 30 (81.1%) 30 (96.8%) 7 (87.5%) 3 (75.0%) 26 (96.3%) 193 (85.0%)

From 18 to 24 Months N 71 22 14 5 0 10 122

n (%) 57 (80.3%) 18 (81.8%) 14 
(100.0%)

5 (100.0%) N/A 10 (100.0%) 104 (85.3%)

From 24 months to End of 
Data availability

N 30 14 8 2 0 6 60

n (%) 25 (83.33%) 11 (78.6%) 8 (100.0%) 2 (100.0%) N/A 6 (100.0%) 52 (86.7%)

Notes: Results for upadacitinib are not shown since there is only one patient, but they are included in the Total column. Percentages are based on the number of patients at 
the beginning of each time interval. 
Abbreviations: N, number of patients at the beginning of each time interval; N/A, not applicable.
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Figure 3 Clinical response in escalated patient versus non escalated patients, by treatment cohort (As-Treated approach).
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Table 3 Healthcare Resource Utilization (ITT Approach)

Adalimumab Golimumab Infliximab Tofacitinib Ustekinumab Vedolizumab Total

France N 559 126 73 21 40 66 886

Consultations

n patients (%) 532 (95.17%) 120 (95.24%) 66 (90.41%) 20 (95.24%) 40 (100.0%) 64 (96.97%) 843 (95.15%)

Mean (SD) 10 (10.02) 11 (9.67) 8 (7.24) 10 (8.47) 7 (7.32) 8 (6.62) 10 (9.43)

n patients by Providers

General Practitioners 209 52 21 13 23 19 338

Hepato/Gastroenterologist 323 68 45 7 16 45 504

Hospitalizations

N Patients (%) 156 (27.91%) 38 (30.16%) 17 (23.29%) 6 (28.57%) 8 (20.00%) 8 (12.12%) 233 (26.30%)

Mean (SD) 2 (3.51) 2 (2.84) 1 (0.56) 2 (0.98) 1 (0.46) 1 (0.46) 2 (3.11)

ER Visits

N Patients (%) 1 (0.18%) 1 (0.79%) 0 0 0 0 2 (0.23%)

Mean (SD) 2 1 NA NA NA NA 2 (0.71)

Diagnostic Tests

N Patients (%) 114 (20.39%) 32 (25.40%) 14 (19.18%) 4 (19.05%) 7 (17.50%) 19 (28.79%) 190 (21.44%)

Mean (SD) 3 (3.16) 3 (2.01) 2 (1.37) 3 (2.71) 2 (1.13) 2 (1.61) 3 (2.71)

Other UC therapies

N Patients (%) 352 (62.97%) 90 (71.43%) 43 (58.90%) 12 (57.14%) 26 (65.00%) 39 (59.09%) 563 (63.54%)

Type of Other UC therapies

Advanced UC Therapy 9 4 3 1 1 5 23

Corticosteroids 349 89 42 12 26 39 558

Other 2 2 0 0 0 0 4

Non-drug Interventions

N Patients (%) 3 (0.54%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 3 (0.34%)

Mean (SD) 1 (0.00) NA NA NA NA NA 1 (0.00)

Type of Intervention, N

Weight Monitoring 2 0 0 0 0 0 2

UK N 277 6 241 50 15 188 777

Consultations

N Patients (%) 273 (98.56%) 5 (83.33%) 238 (98.76%) 47 (94.00%) 13 (86.67%) 186 (98.94%) 762 (98.07%)

Mean (SD) 26 (24.81) 57 (46.99) 30 (28.96) 23 (18.60) 19 (16.97) 25 (20.10) 27 (25.08)

N Patients by Providers

General Practitioners 273 5 238 47 13 186 762

Hospitalizations

N Patients (%) 80 (28.88%) 2 (33.33%) 99 (41.08%) 12 (24.00%) 3 (20.00%) 77 (40.96%) 273 (35.14%)

Mean (SD) 3 (3.97) 1 (0.00) 4 (4.75) 2 (0.90) 9 (12.42) 4 (4.20) 4 (4.39)

ER Visits

N Patients (%) 26 (9.39%) 0 22 (9.13%) 2 (4.00%) 2 (13.33%) 18 (9.57%) 70 (9.01%)

Mean (SD) 2 (1.58) 1 (0.72) 2 (0.71) 1 (0.00) 2 (0.98) 2 (1.16)

Diagnostic Tests

N Patients (%) 138 (49.82%) 2 (33.33%) 118 (48.96%) 24 (48.00%) 1 (6.67%) 83 (44.15%) 366 (47.10%)

Mean (SD) 3 (3.60) 27 (36.77) 3 (4.23) 3 (2.36) 1 3 (2.78) 3 (4.43)

Other UC therapies

N Patients (%) 187 (67.51%) 4 (66.67%) 160 (66.39%) 38 (76.00%) 9 (60.00%) 124 (65.96%) 522 (67.18%)

Type of UC therapies

Advanced UC Therapy 19 1 18 5 0 6 49

Corticosteroids 177 3 153 38 9 121 501

Other 4 0 5 2 0 6 17

Non-drug Interventions

N Patients (%) 0 (0.00%) 0 (0.00%) 1 (0.41%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 1 (0.13%)

Mean (SD) NA NA 1 NA NA NA 1

Type of Intervention

Dietary Management 0 0 1 0 0 0 1

Notes: Results for upadacitinib are not shown since there is only one patient, but they are included in the Total column. Other UC related therapies except the primary 
index therapy for that patient.
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and treatment cohort. Mean (SD) number of consultations in UK was 27 (25.1), over a mean (SD) follow-up of 355.1 
(446.9) days, whereas mean (SD) number of consultations for France was 10 (9.4), over a mean [SD] of 555.5 [503.1] 
days. In both countries (UK and France), UST and GOL were associated with lowest and highest number of consulta
tions, respectively (mean [SD]: 19 [17.0] and 7 [7.3] vs 57 [47.0] and 11 [9.7]). Due to lack of information on specialized 
care in the UK database, only GP consultations were captured. In France, most consultations were from hepatologists/ 
gastroenterologists (59.8%). In the UK, 273 (35.1%) patients were hospitalized, and 233 (26.3%) in France. Emergency 
room (ER) visits were recorded for a total of 70 (9.0%) patients in the UK, whereas only two patients had ER visits 
recorded in France [ADA and GOL cohorts]). A total of 366 (47.1%) and 190 (21.4%) patients in the UK and France, 
respectively, underwent UC-related diagnostic tests (including laboratory tests, endoscopies, biopsy, and radiologic 
imaging tests), and 522 (67.2%) and 563 (63.5%), respectively received other UC therapies (Table 3). These rates are 
underestimated as discussed further in the discussion section.

Total direct mean (95% CI) UC-related costs per year per patient was estimated to be 6071.0 EUR and 10,025.6 EUR, 
in UK and France, respectively (Table 4). In UK, the main cost drivers were hospitalization (36.6%), consultations 
(34.8%), and UC drugs (27.7%). In France, the main cost driver was UC drugs (91.8%), followed by consultations 
(5.4%) and hospitalizations (2.8%) whatever the treatment cohort considered. In France, there was an overall increase in 
costs in the dose escalation group of 11.5% on average (corresponding to +1155.2 EUR), with treatment cohort variations 
ranging from −42.6% (−3159.8 EUR) in the case of IFX to +22.8% (+2991.7 EUR) in the case of TOF (Table 4). These 
differences are mainly driven by an increase in hospitalization (in overall with an increase of +22.3% between escalation 
and all patients, data not shown) and in UC drug costs (+11.8% between escalation group and all patients, data not 
shown). Data was insufficient in the UK to make reliable subgroup comparisons. The treatment associated with the 
highest direct costs was UST in both countries, whereas IFX was associated with the lowest costs in both countries, and 
ADA and TOF in the UK (Figure 4).

Table 4 Total Direct Cost in France and UK by Treatment Cohort and Overall, and by Escalation/“De-Escalation Only” Groups (ITT 
Approach) All Tables – Please Ensure the Table Footnotes are Presented Beneath the Table to Which They Relate, Not Formatted as 
the Last Lines of the Table

Adalimumab Golimumab Infliximab Tofacitinib Ustekinumab Vedolizumab Total

France N 559 126 73 21 40 66 886

Total direct costs by year, 
mean (€)

8735.7 11909.6 7425.5 13135.7 22265.1 11765.8 10025.6

Escalation group, mean (€) 
(N)

9553.7 (273) 12868.9 (73) 4265.7 (3) 16127.4 (8) 24791.9 (14) 13199.6 (22) 11180.8 (393)

“De-escalation only” group**, 
mean (€) (N)

7915.6 (67) 10982.8 (10) 5495.8 (30) 10760.2 (3) 8578.1 (2) 7415.2 (6) 8323.3 (118)

Difference Escalation vs De- 
escalation, €

+1638.1 +1886.2 −1230.1 +5367.3 +16213.7 +5784.4 +2857.5

Difference Escalation vs Total, 
€

+818 +959.3 −3159.8 +2991.7 +2526.7 +1433.9 +1155.2

UK* N 277 6 241 50 15 188 777

Total direct costs by year, 
mean (€)

5006.0 7209.6 5584.8 5253.3 11975.3 8239.6 6071.0

Notes: Cost is averaged across all patients of each group. Calculated yearly average, using Lin’s method, weighted by KM probability of each month follow up. Costs were 
gathered in the following websites: for France: https://www.ameli.fr/medecin/exercice-liberal/facturation-remuneration/consultations-actes/tarifs/tarifs-specialistes/metro 
pole, http://www.codage.ext.cnamts.fr/codif/nabm/index_presentation.php?p_site=AMELI, https://www.legifrance.gouv.fr/jorf/id/JORFTEXT000047074801; for UK: https:// 
services.nhsbsa.nhs.uk/dmd-browser/search. *Cost was calculated in British pound (GBP) and converted to euros (€). Change considered: 1 GBP = 1.1629 euros (July 3, 
2023). **Excluding subjects with de-escalation after a prior dose escalation. Results for upadacitinib are not shown since there is only one patient, but they are included in 
the Total column. Other UC related therapies except the primary index therapy for that patient. 
Abbreviations: €, euro; N, number of patients; NA, not available; UK, United Kingdom.
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Discussion
This was a retrospective database study of real-world dose escalation/de-escalation patterns of advanced therapies among 
a relatively large cohort of patients with moderate-to-severe UC from France and the UK. All patients included in this 
study had been previously treated with conventional systemic therapies for UC before starting UC advanced therapies, in 
line with ECCO guidelines, and were new-users of biological therapies. This may have resulted in exclusion of more 
refractory UC patients (ie those who need a “second-line” advanced therapy), and underestimation of real-world dose- 

Figure 4 Mean yearly direct medical costs by patient. (A) France and (B) UK. Results for upadacitinib are not shown since there is only one patient, but they are included in 
the Total column. *Cost is averaged across all patients. Cost was calculated yearly average, using Lin’s method, weighted by KM probability of each month follow up. ‡ Cost 
were calculated in British pound (GBP) and converted to euros (€). Change considered: 1 GBP = 1,1629 euros (July 3, 2023).
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escalations. However, allowing prior advanced therapy use would have induced treatment/channeling bias (by comparing 
different treatment lines between sub-cohorts) or made the study unfeasible (if we had required the same line across sub- 
cohorts). Overall, the results of this study showed that dose escalation and de-escalation are commonly required among 
patients receiving advanced UC therapies, with 74.1% and 57.8% of patients escalating or de-escalating, respectively, 
within the first 6 months after the start of maintenance treatment. Despite this, clinical response over the study period was 
achieved by 61.6% of subjects, with rates varying from 56.3% with ADA to 77.0% with IFX. This result is a bit higher 
than the one reported by Dignass et al18 of less than the half achieving remission, although our definition based on 
absence of clinical events instead of disease activity score could have overestimated true response.19 The economic 
impact resulted in total direct mean annual costs per patient of 10,026 EUR in France and 6071 EUR in UK, mainly 
driven by drug costs, hospitalizations, and consultations.

Seventy-five percent of patients required at least one dose escalation within the first 6 months after start of 
maintenance. Dose escalation was highest in patients initiating GOL (85%), ADA (81%), and UST (85%), even after 
adjusting by differences in baseline characteristics. These findings were similar or slightly higher than those previously 
reported in the literature.13,20–22 For instance, Ylisaukko-Oja et al, in a Finnish UC cohort, found dose escalation rates of 
71%, 63%, and 52–54%, for UST, ADA, and GOL.20 In our cohort, IFX showed the lowest dose escalation rates. Dose 
escalation of IFX at 18 and 24 months (both 33%) were similar to those observed at one year in the study by Long et al.21 

Time to dose escalation among UC patients was 2.1 (1.8, 2.4) months. These findings are consistent with the range 
reported by the studies included in the systematic review by Singh et al.13 De-escalation rates, which are also associated 
with direct costs themselves, were also in line (58% in our cohort vs 17–81% in Singh et al), although results are not 
entirely comparable since many of these studies considered only de-escalations in patients with initial-dose escalation (as 
opposed to our definition, considering all subjects).

Clinical response varied between UC advanced therapies, but, at minimum, approximately 60% fulfilled the three 
criteria (no hospitalization, drug switch/addition or systemic corticosteroids use) within the first 6 months of main
tenance. For subjects still on treatment at 24 months (less than 20% of the cohort) the long-term response attained 80%. 
Results regarding clinical response were aligned with those previously reported in systematic reviews13,23 and observa
tional studies.24,25 Several studies based on real-world data found clinical response rates of 73–80% for IFX24 (with same 
definition as in our study) and 68.5% for GOL25 (using Mayo Score and reduction in corticosteroids use). Noticeably, 
within the first 6 months after maintenance, there were no relevant differences in clinical response rates between subjects 
who underwent dose escalation and those who did not, but, interestingly, between 12 and 18 months, rates of clinical 
response were similar or slightly higher for non-escalated patients. These results are likely due to patients achieving 
therapeutic benefit not requiring dose escalation. Overall, despite treatment with an advanced therapy, 52.6% of patients 
in this analysis received systemic/rectal corticosteroids as a concomitant medication for UC treatment, and, as expected, 
this was associated with dose-escalation of advanced therapy. The concomitant use of corticosteroids observed in this 
study is low compared with some studies in UC26 and IBD27 but high compared to the one found in the German cohort 
by Dignass et al.18

Direct annual medical costs related to UC ranged from 7426 to 22,265 EUR in France and, from 5006 to 11,975 EUR 
in the UK, being lower than those previously reported in the same countries by Lawton et al18,28 and Black et al18,28 

Differences could be explained by several reasons such as inclusion of biosimilars on the market,28 or potential 
underestimation in our study due to incomplete follow-up information (particularly in the UK cohort) and/or missing 
public hospitalization costs (particularly in France), due to the nature of the THIN® database mainly capturing data from 
private healthcare (France) and from GPs (UK). Importantly, a limitation of this study is that GPs in UK are not the 
clinicians responsible for UC Advanced therapies selection and prescription. Both prior studies analyzed data before 
2018, before biosimilars for different UC advanced therapies (such as ADA and IFX) were approved, marketed, and used 
in the clinical practice, which led to a reduction in the cost of treatment with biologics. This argument is reinforced by the 
fact that, in this study, ADA and IFX are among the treatment cohorts associated to the lowest prices on both countries, 
compared to data by Lawton et al (ADA [14,058€] and IFX [12,347€]),28 and Dignass et al (ADA [24,151€] and IFX 
[24,462€], at 12 months of follow-up).18 By comparing the costs according to the different dosing patterns (escalation or 
de-escalation), an overall increase in costs between the escalation vs all patients and escalation vs de-escalation group is 
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observed. Once an advanced therapy is dose escalated, there may be subsequent additional visits required to de-escalate 
the dose. This study’s results are in line with the literature,21,29 even though the cost differences may differ from one 
study to another. Only IFX seems to follow a different pattern compared to previous studies, with higher overall costs for 
de-escalation.

Our results also showed that, for France and some UK UC treatment cohorts, drug costs were the major cost driver, in 
line with previous studies.18,28,30 In France, cost driven by UC advanced drugs reached up to 90%. A previous French 
study in IBD patients showed similar results, with drugs accounting for 84% of the total direct cost, while hospitalization 
represented only a minor part of the costs.28 For UK, in this study, half of the direct HRU costs were driven by UC 
advanced drugs in contrast with the 96.5% reported in a previous real-word data analysis of UC patients treated with 
ADA.30 Between 2017 and 2022, both France and the UK implemented significant changes in their health insurance 
policies, which have had a notable impact on drug prices. In France, the introduction of new pricing regulations aimed at 
controlling healthcare costs led to stricter price negotiations and reimbursement criteria for new drugs. The French 
National Health Authority (HAS) played a crucial role in assessing the therapeutic value of new medications, which 
influenced their pricing and reimbursement status. These measures resulted in more competitive pricing and increased 
pressure on pharmaceutical companies to demonstrate the cost-effectiveness of their products. In the UK, the National 
Institute for Health and Care Excellence (NICE) continued to refine its health technology assessment (HTA) processes, 
emphasizing value-based pricing. The introduction of the Voluntary Scheme for Branded Medicines Pricing and Access 
(VPAS) in 2019 replaced the previous Pharmaceutical Price Regulation Scheme (PPRS). VPAS aimed to cap the growth 
of branded medicine spending, ensuring that any expenditure above the agreed cap would be refunded by pharmaceutical 
companies. This policy shift encouraged the adoption of innovative pricing models, such as outcome-based agreements, 
and fostered a more sustainable approach to drug pricing. These policy changes in both countries have led to a more 
rigorous evaluation of drug prices, ensuring that new therapies provide significant clinical benefits relative to their costs. 
Consequently, pharmaceutical companies have had to adapt their pricing strategies to align with the evolving regulatory 
landscape, ultimately impacting the affordability and accessibility of advanced therapies for patients with ulcerative 
colitis.

Limitations
There are several limitations associated with this study, and some results should be interpreted with appropriate caution. 
Just as any study using secondary data, the findings were highly dependent on information (and quality) entered into the 
THIN® database by physicians. In some cases, incomplete or improper recording of some variables (like UC symptoms) 
or diagnoses may take place, potentially leading to misclassification of some patients into escalation/de-escalation 
subgroups or to the inability to dose analysis. For instance, information on dose strength and frequency was lacking in 
some subjects, particularly in the UK. Therefore, multiple imputations were performed to get meaningful dose informa
tion, but this may have added bias in the interpretation of the data. Sensitivity analysis gone using more stringent criteria 
to try to quantify potential bias with the imputations, showed that we could overestimate dose escalations by 35%.

For dose escalation, it is important to highlight that the dose escalation/de-escalation results in this study come mainly 
from the French cohort, as in the UK cohort only 50% of patients had information on index UC advanced therapy upon 
the start of maintenance period. This is due to the fact that the THIN® database in UK only captures data from GPs. 
However, it should be noted that HRU analyses by country suggest that the UK cohort was quite similar to the French 
one, with more hospitalizations (35% vs 26%) and diagnostic tests done (47% vs 21%), despite a shorter median follow- 
up time. This suggests that the dose escalations in this UK cohort, if a longer follow-up would have been available, 
would be even more frequently required than in the French cohort.

Regarding HRU, hospitalizations could be underestimated. In the UK, hospitalizations in THIN® include only those 
registered by GPs and, in France, due to reimbursement history, mainly only private hospitalizations are registered. 
Moreover, the source dataset did not allow identification of whether resource utilization was directly related to UC, so 
UC-related hospitalizations were selected based on the diagnostic labels; therefore, some cases could have been 
missed. On the other side, costs could be overestimated due to lack of visibility of prices of advanced therapies in each 
country.
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Lastly, low sample size in some treatment cohorts could lead to insufficient precision to properly describe some 
outcomes. Also, due to the observational nature of this study, selection bias and unmeasured confounding (related to 
missing key sociodemographic and clinical variables) may affect and limit the outcomes description and interpretation.

Conclusion
Dose escalation of advanced therapies for UC is a common strategy to avoid treatment-switching. Despite dose 
escalations and associated cost, a proportion of patients fail to achieve clinical response. This study highlights the 
need for more efficacious and durable treatments for patients with moderate-to-severe UC, as the initiation of the 
advanced therapies studied did not reduce overall systemic/rectal corticosteroid burden.
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