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Abstract
A treat-to-target strategy in inflammatory bowel disease (IBD) involves treatment 
intensification in order to achieve a pre-determined endpoint. Such uniform and 
tight disease control has been demonstrated to improve clinical outcomes 
compared to treatment driven by a clinician’s subjective assessment of symptoms. 
However, choice of treatment endpoints remains a challenge in management of 
IBD via a treat-to-target strategy. The treatment endpoints for ulcerative colitis 
(UC), recommended by the Selecting Therapeutic Targets in Inflammatory Bowel 
Disease (STRIDE) consensus have changed somewhat over time. The latest 
STRIDE-II consensus advises immediate (clinical response), intermediate (clinical 
remission and biochemical normalisation) and long-term treatment (endoscopic 
healing, absence of disability and normalisation of health-related quality of life, as 
well as normal growth in children) endpoints in UC. However, achieving deeper 
levels of remission, such as histologic normalisation or healing of the gut barrier 
function, may further improve outcomes among UC patients. Generally, all 
medical therapy should seek to improve short- and long-term mortality and 
morbidity. Hence treatment endpoints should be chosen based on their ability to 
predict for improvement in short- and long-term mortality and morbidity. 
Potential benefits of treatment intensification need to be weighed against the 
potential harms within an individual patient. In addition, changing therapy that 
has achieved partial response may lead to worse outcomes, with failure to 
recapture response on treatment reversion. Patients may also place different 
emphasis on certain potential benefits and harms of various treatments than 
clinicians, or may have strong opinions re certain therapies. Potential benefits and 
harms of therapies, incremental benefits of achieving deeper levels of remission, 
as well as uncertainties of the same, need to be discussed with individual patients, 
and a treatment endpoint agreed upon with the clinician. Future research should 
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focus on quantifying the incremental benefits and risks of achieving deeper levels of remission, such that clinicians 
and patients can make an informed decision about appropriate treatment end-point on an individual basis.

Key Words: Ulcerative colitis; Treatment endpoints; Endoscopic remission; Histologic remission; Biomarkers; Gut barrier 
healing

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Recently, more stringent treatment endpoints have emerged such as histologic remission and functional gut barrier 
healing, which may be better predictors of clinically important outcomes compared to mucosal healing. However, pursuing 
deeper levels of remission in ulcerative colitis patients can have risks. Treatment endpoints in ulcerative colitis should be set 
with two thresholds, minimum and ideal endpoints to be achieved. Endpoints also need to be appropriate for both the follow 
up timeframe and the treatment selected. Individual patient circumstances need to be taken into account in selecting 
endpoints, as at times relaxed treatment endpoints are appropriate.
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INTRODUCTION
Treatment of inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’s disease (CD), relies on 
medications and at times surgery to induce and maintain remission. Treat-to-target treatment approach was first utilised 
by rheumatologists, with subsequent adoption into IBD management[1]. This approach assesses treatment adequacy 
against a predetermined treatment endpoint. If the treatment endpoint is not achieved after an appropriate follow up 
period from treatment initiation, then treatment is modified. These steps are repeated till the treatment endpoint is 
achieved. Having such a strategy to treat to a defined and uniform endpoint, as oppose to a clinician’s subjective 
assessment of disease activity, has been shown to achieve early and tight control of disease activity in CD[2]. Studies also 
indicate that in UC, inflammation leads to progressive bowel damage[3]. Tight disease control via a treat-to-target 
approach may reduce the duration of active inflammation in UC and hence reduce overall morbidity, future colorectal 
cancer risk, and requirement for surgery.

For a treat-to-target approach to be utilised, a treatment endpoint must initially be determined. Various treatment 
endpoints had been proposed in UC. The Selecting Therapeutic Targets in Inflammatory Bowel Disease-II (STRIDE-II) 
consensus defines immediate, intermediate and long-term treatment endpoints for IBD[4]. Among UC patients 
immediate treatment targets include symptomatic response (decrease patient reported outcomes 2 score (PRO2) by at 
least 50%, or paediatric ulcerative colitis activity index (PUCAI) by at least 20 points). Intermediate term treatment goals 
include clinical remission (PRO2 of 0, partial Mayo score of < 3 with no sub-score > 1, and in children PUCAI < 10) and 
normalisation of C reactive protein (CRP) and faecal calprotectin. Long-term treatment goals include endoscopic healing 
[Mayo endoscopy score (MES) = 0 or ulcerative colitis endoscopic index of severity (UCEIS) ≤ 1], absence of disability, 
normalized health-related quality of life and normal growth in children. Histologic remission was not recommended as a 
formal treatment endpoint based on expert opinion of available evidence for either UC or CD. However, the committee 
did advise that histologic remission may be considered in UC as a deeper level of remission.

There are several issues with the STRIDE-II recommendations. Since the consensus further evidence has emerged 
related to treatment endpoints in UC. Also, a uniform recommendation of treatment endpoints may not be the best in all 
UC cases. Furthermore, it needs to be recognised that altering therapy to pursue deeper levels of remission can expose 
patients to medicating related adverse events and clinical disease relapse. We will seek to address these issues in our 
article and suggest a practical approach to selecting treatment endpoints in UC.

RISKS OF DELAYS IN ACHIEVING REMISSION IN UC
There are several risks of ongoing active inflammation in UC. Active UC disease symptoms negatively impacts quality of 
life and disability in UC[5-8]. The time spent with symptomatic disease is increased with delays in achieving disease 
remission, failure to prevent disease flares and the duration of disease flares. These factors would all culminate to 
increase overall morbidity of UC over time. A treat-to-target approach using defined treatment endpoints is expected to 
offer tight disease control, and this would hopefully reduce morbidity over time.

Prolonged time with active UC may have negative consequences for future disease related clinical outcomes. It is 
unclear if prolonged duration of active disease can impact response to future therapies in UC. Longer disease duration in 
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CD is associated with reduced response to Vedolizumab[9]. However this trend was not observed with UC. Also, time 
between diagnosis and start of infliximab therapy has not been associated with response to infliximab in IBD[10]. 
However, prolonged time spent with active inflammation may result in accumulation of permanent bowel damage that 
can contribute to symptoms even after control of inflammation is achieved in future. Patients with UC have reduced 
rectal compliance and hypersensitivity compared to healthy controls, and this has been postulated as a significant 
mechanism for faecal urgency[11,12]. In one study normalisation of histology in UC, was associated with normalisation of 
rectal compliance as compared to healthy controls[11]. However dysmotility can persist in quiescent UC[13]. This may 
relate to damage accumulated during active UC, including submucosal fibrosis and muscularis mucosae thickening, 
which may contribute to persistent dysmotility in UC[14]. Prolonged time spent with active inflammation may be a 
significant to ongoing functional symptoms in UC, even if durable remission is eventually achieved in future.

Delays in reducing inflammation can also increase risk of future complications in UC. Histologic disease remission has 
been demonstrated to reduce risk of colorectal cancer development in UC patients[15]. Similarly endoscopic mucosal 
healing was found to significantly reduce colectomy risk in a Norwegian cohort study of UC patients[16]. Prolonged time 
with active inflammation may be a factor that increases risk of colorectal cancer and requirement for colectomy in UC.

Prolonged active disease may also result in phenotypic changes in UC that can impact overall morbidity. Proximal 
disease extension in UC occurs in 27%-54% of UC patients[3]. Studies show that it is associated with increased risks of 
colectomy, hospitalisation and colorectal cancer. In one study of UC proctitis patients, on multivariate analysis refractory 
disease (defined as ≥ 3 relapses per year or chronic active disease despite medical therapy) was the only risk factor for 
proximal disease extension[17]. This indicates early tight disease control may reduce risk of proximal disease extension, 
and the morbidity that would be associated with same. A Swiss IBD cohort study found that delays in initiating UC 
therapy is associated with increased risk of UC related complications, predominantly extraintestinal manifestations and 
extraintestinal complications[18].

Active UC can have immune consequences that directly increase susceptibility to infection, further adding to overall 
morbidity. In a nationwide Swedish study using longitudinal data, histologic disease activity compared to remission was 
associated with increased risk of infection in both UC [adjusted hazard ratio (aHR) 1.68; 95% confidence interval (95%CI): 
1.51-1.87] and CD (aHR, 1.59; 95%CI: 1.40-1.80)[19]. This trend remained significant even after adjusting for age, sex, 
education level as well as IBD-related medications. Hence risk of infection increases with active inflammation, not just 
with IBD-related treatment. Patients hospitalised with UC are likely at an even higher risk of infection owing to both 
aggressive therapies used as well as active inflammation. In a Japanese observational cohort study, 221 hospitalised acute 
severe ulcerative colitis (ASUC) patients were followed up[20]. A total of 73 adverse events were recorded. Most adverse 
events were related to infection (n = 39) of which cytomegalovirus (CMV) reactivation was the most common (n = 21).

TREATMENT END POINTS IN ULCERATIVE COLITIS
Treatment endpoints for a treat to target approach should be selected based on their ability to predict for short- and long- 
term clinically important outcomes. Although treatment endpoints may predict for clinically important outcomes, they 
themselves are not necessarily clinically important outcomes. In general, clinically important outcomes include 
symptomatic remission, mortality, disability, quality of life, need for hospitalisation and surgery. Remission as defined by 
endoscopic, histologic, biochemical, radiologic or functional gut barrier assessments themselves are not clinically 
important outcomes. However, their ability to predict for clinically important outcomes in the short- and long-term needs 
to be validated. It would only be appropriate to strive to achieve various treatment endpoints if they can predict for 
clinically important outcomes.

Studies have found IBD to be associated with no or very small increased risk of overall mortality[21,22]. However IBD 
overall has a significant impact on quality of life compared to healthy controls, and this is further deteriorated by active 
disease[5,6]. IBD is also associated with significant disability[7,8]. IBD endpoints should hence be chosen such that they 
predict for reduced short- and long-term morbidity associated with IBD.

Clinical remission
Symptomatic remission is both a treatment endpoint as well as a clinically relevant outcome. Hence patient reported 
outcomes have formed part of the composite treatment endpoints recommended by the STRIDE-II consensus[4,23]. 
However clinical remission alone has poorer predictive value for future symptomatic flares, bowel cancer risk and need 
for surgery compared to endoscopic or histologic remission in UC[24]. On its own clinical remission is hence an 
insufficient treatment endpoint.

Endoscopic response and remission
Various endoscopic scoring systems have been utilised to assess for endoscopic response and remission in UC. The MES 
is widely most used clinically. Endoscopic remission is generally defined as MES of 0 or 1, whereas mucosal healing is 
defined as MES 0[23]. The UCEIS, and degree of ulcerative colitis burden of luminal inflammation (DUBLIN) scores are 
two additional indices that have been employed. In a cohort of patients treated with vedolizumab, post-therapy UCEIS 
score was superior at predicting clinical outcomes including requirement for surgery and treatment escalation compared 
to MES and DUBLIN score[25]. UCEIS is more objective and has greater reproducibility than the MES, however it does 
require the score to be calculated from sub-scores of 3 different parameters, and for each segment of bowel. It can hence 
be more time consuming to use clinically. In addition, the equipment used (e.g., 4K resolution, greater levels of 
magnification) can result in greater degree of inflammation being detected endoscopically[26].
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Endoscopic remission is recognised as a more robust treatment endpoint than clinical remission. In asymptomatic UC 
patients, MES ≥ 1 predicts for future symptomatic flares[27]. A cohort study from Norway demonstrated that UC patients 
achieving endoscopic mucosal healing have far reduced risk of colectomy, compared to those that do not[16]. Similarly, 
early mucosal healing with infliximab therapy in UC was found to significantly predict for colectomy free survival, 
clinical remission and steroid free clinical remission[28]. A case control study found that achieving endoscopic healing in 
long standing ulcerative colitis, returned colorectal cancer risk to that of the general population[29].

Histologic response and remission
Currently there is no standardised histologic activity scoring that is universally adopted in UC. Several histologic scoring 
systems have been utilised in UC, including Robarts Histopathology Index (RHI), Geboes score and the Nancy 
Histological Index (NHI). The RHI and the Geboes score outperform the NHI in their ability to predict for full Mayo 
score, partial Mayo score and Mayo sub-scores at 52 wk[30]. These can be complex to report by histopathologists, which 
has precluded wider use. The Paddington International virtual ChromoendoScopy ScOre (PICaSSO) Histological Re-
mission Index (PHRI) has been proposed as a simplified histologic remission index that score remission only on presence 
of neutrophils. The PHRI has similar predictive value for clinical disease flare at 2 years, as the NHI and the RHI[31]. 
Artificial intelligence has also been utilised in PHRI scoring of histology samples to reduce pathologist time and ease its 
implementation[32].

Several recent studies have compared endoscopic and histologic remission and their ability to predict for clinically 
important outcomes. In a retrospective Australian study, both endoscopic and histologic remission predicted for clinical 
relapse-free survival. However, on multivariate analysis only histologic remission (defined as NHI < 2) remained as a 
statistically significant predictor for relapse free survival[33]. Similarly, an interim analysis of a prospective trial of 
vedolizumab-treated UC patients found that histology remission (defined as NHI = 0), was associated with significantly 
reduced relapse risk[34]. A meta-analysis of 10 studies involving patients in endoscopic mucosal healing (MES = 0), found 
that accompanying histologic remission was associated with 63% lower clinical relapse risk compared to those with per-
sistent histologic activity[35]. In a study of a prospectively maintained registry, the impact of histologic disease activity on 
clinical relapse risk was assessed among patients with endoscopic remission. Patients with complete histologic normal-
isation were less likely to experience relapse over the 2 year follow up period (12% vs 50%)[36]. In another study of 76 UC 
patients with endoscopically quiescent disease, active histologic inflammation was associated with increased risk of 
clinical relapse at 18 months, and reduced time to clinical relapse[37]. Histologic inflammation remained a significant 
predictor of relapse on multivariate analysis. Similarly, in a prospective cohort study from South Korea, patients both in 
clinical remission (partial Mayo score ≤ 1) and endoscopic remission (UCEIS ≤ 1) were followed up. Those with no 
histologic activity on rectal biopsies had significantly reduced risk of clinical relapse during a median follow up of 42 wk
[38]. Another study found that among UC patients in endoscopic remission (MES of 0 or 1), RHI > 3 predicted for future 
symptomatic relapse[39]. These studies indicate that histologic remission is superior to endoscopic remission in pre-
dicting clinical relapse-free survival in UC.

Achieving histologic remission can further reduce risk of colorectal cancer among UC patients. A case-control study 
assessed the association between persistent histologic activity and development of high grade-dysplasia (HGD)/colo-
rectal cancer among UC patients with extensive disease who had achieved endoscopic mucosal healing[40]. Participants 
with UC for 20 years at least and at least 3 surveillance colonoscopies and biopsies after the first 10 years since their UC 
diagnosis were included. Cases that developed HGD/colorectal cancer compared to controls with no HGD/colorectal 
cancer, had a greater proportion of colonoscopies demonstrating histologic disease activity (88% vs 59%) and lower 
proportion of participants with no histologic disease activity on any of the prior colonoscopies (15% vs 77%).

Recently endocytoscopy, and confocal laser endomicroscopy (CLE) have been utilised as means of assessing histology 
during endoscopy. These techniques offer up to 1000-fold magnification and permit limited subepithelial imaging[26]. 
Several studies have demonstrated strong correlation with histologic indices, and improved ability to predict for clinically 
important outcomes compared to endoscopic mucosal healing[41,42]. However, as a purely imaging technique these 
modalities may add little if anything compared to conventional histology in terms of ability to predict for clinically 
important outcomes. There is also a requirement for specialised equipment, with associated startup and ongoing 
maintenance costs. They may however allow for functional assessment of the gut barrier function, as a completely unique 
treatment endpoint that should be considered separately.

Biomarker response and remission
Given the inconvenience associated with endoscopy and histology to both patients and health care resources, additional 
non-invasive markers are required which can be utilised more frequently. Faecal calprotectin, erythrocyte sedimentation 
rate and CRP are most widely used biomarkers in UC. Although these do corelate with endoscopic and histologic disease 
activity, faecal calprotectin shows the strongest correlation[43-46]. Oher biomarkers such as Leucine-Rich Alpha-2-
Glycoprotein, interleukin-6 and faecal lactoferrin, also correlate with endoscopic disease activity, however they are less 
widely used and do not appear to necessarily outperform faecal calprotectin[47-49]. A very low faecal calprotectin 
correlates strongly with inactive disease on endoscopy and histology and can be used to monitor for endoscopic disease 
flares in asymptomatic individuals. Normalisation of faecal calprotectin on infliximab induction has been shown to 
predict for clinical remission at 1 year and also for endoscopic healing[50]. An elevation in serum faecal calprotectin on 
consecutive measurements in an otherwise asymptomatic individual has been shown to predict for future symptomatic 
flare[51]. This is a useful means of monitoring asymptomatic UC patients. It can detect subclinical relapse and allow for 
interventions to take place to potentially prevent symptom flares which impact on quality of life and contribute to 
disability.
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Radiologic response and remission
Intestinal ultrasound (IUS) has recently emerged as a point-of-care means of assessing for bowel wall inflammation. 
Intestinal ultrasound parameters of increase in bowel wall thickness (BWT) and colour Doppler signal, correlate with 
endoscopic disease activity[52]. In addition to biomarkers, this can form part of a short to medium term treatment end-
point after starting or modifying therapy to predict future response to therapy, and hence achievement of clinically 
important outcomes long-term. In a study of 51 UC patients, week 6 IUS parameters of BWT ≤ 3 mm and colour Doppler 
signal predicted for endoscopic remission and improvement respectively at endoscopy at weeks 8-26[53]. In addition a 
week 12 intestinal ultrasound Milan ultrasound criteria (MUC) ≤ 6.2, predicted endoscopic improvement at reassessment 
(defined as MES ≤ 1), where as a MUC cut off of ≤ 4.3 was most accurate cut off for predicting endoscopic remission 
(defined as MES = 0). On univariate analysis of parameters at week 12 (MUC, faecal calprotectin, CRP and partial Mayo 
score), both MUC and faecal calprotectin were significant predictors of week 12 endoscopic improvement. However, on 
multivariate analysis MUC was the only independent predictor.

Intestinal ultrasound avoids the inconvenience to patients associated with undergoing colonoscopy to allow for endo-
scopic and histologic disease assessment. In addition to biomarkers intestinal ultrasound can be used to monitor asym-
ptomatic UC patients, to detect bowel wall inflammation prior to symptomatic relapse. MUC > 6.2 was shown to predict 
for future clinical relapse in UC[27]. Interventions during asymptomatic bowel wall inflammation flares can potentially 
avoid symptomatic relapse, with subsequent impacts on quality of life and overall disability.

Gut barrier function normalisation as treatment endpoint
Recently in vivo means of assessing gut barrier function have become available. Apart from CLE providing a means to 
assess for histologic changes at times of endoscopy, it can also provide a measure of intestinal gut barrier function th-
rough detection of “gut leak” of IV administered fluorescein. Assessment of gut barrier function can be an additional 
treatment endpoint that can predict for future clinically relevant outcomes. A prospective cohort study of UC patients in 
clinical remission, assessed various predictors for development of major adverse outcomes over a mean follow up of 25 
months[54,55]. Major adverse outcomes were defined as disease relapse, UC-related hospitalisation, UC-related surgery, 
initiation or dose escalation of therapy. Ileal barrier healing as assessed by CLE-detected fluorescein leak was superior to 
endoscopic and histologic remission at predicting for major adverse outcome-free survival. The major drawback to CLE is 
requirement for specialised equipment and techniques that limits its accessibility at present.

Quality of life, disability and nutrition
Although active inflammation directly impacts quality of life in UC, it is not the only aspect to affect this. Functional gut 
symptoms occur commonly in UC patients and negatively impact quality of life[56]. Similarly, depression, anxiety and 
fatigue occur at high rates amongst UC patients, and may persist after active disease inflammation is brought under 
control[57-59]. Sexual function, body image and food enjoyment are other aspects of quality of life (QoL) that may be 
important for individual patients. Various aspects of QoL and disability may be impacted by both disease as well as 
treatments. A Japanese study did find reduced sexual function with ileal-pouch formation in UC[60]. QoL and disability 
are both an important long term treatment endpoint for patients as well as a clinically important outcome, that go beyond 
controlling active inflammation. IBD specific indices to assess these include the IBD Questionnaire and IBD disability 
index[61,62]. Treatment selection must also factor in quality of life and disability in addition to efficacy in active inflam-
mation. Physicians may need to engage multidisciplinary approach to address quality of life issues such as mental health, 
food enjoyment and sexual function.

Although in UC the absorptive capacity of the gastrointestinal tract may not be affected, active inflammation in general 
induces anorexia, catabolism and sarcopenia[63]. In addition, colonic inflammation in UC can lead to protein loss, further 
exacerbating sarcopenia and cachexia[64]. Sarcopenia has been linked to fatigue and reduced quality of life in IBD[59]. As 
such the general nutritional status and overall quality of life needs to be addressed alongside treatment of active inflam-
mation. A dietitian can aid in food selection to improving macro and micronutrient intake. Monitoring on nutrition 
parameters such as weight, serum albumin and micronutrients, is important to assess the effectiveness of interventions. 
In children, active inflammation and malnutrition can compound each other to reduce growth velocity and final height 
attained[65]. As such, correction of both inflammation and malnutrition is of even greater consequence in children, with 
potential for lifelong repercussions if the growth window period is missed.

Composite endpoints
Various endpoints may be independent predictors of future clinically relevant outcomes. Hence combining endpoints 
may improve prediction of future clinically important outcomes. In one study endoscopic remission and histologic 
remission were independent predictors for relapse-free-survival at 1 year[66]. Pancolonic UCEIS assessment outper-
formed original segment UCEIS and worst affected UCEIS. Composite remission endpoint of pancolonic UCEIS ≤ 3 and 
Geboes score ≤ 3.0 was 92% sensitive and 97% specific at predicating lack of symptomatic relapse at 1 year.

In CD, combined endoscopic and radiologic remission, termed transmural remission, reduced risk of hospitalisation, 
surgery, steroid use and treatment escalation over a 5-year period[67]. This was a better predictor for clinically important 
outcomes over a 5 year period, compared to isolated endoscopic remission or isolated radiologic remission. It is unclear if 
in UC radiologic remission as assessed by IUS or magnetic resonance imaging, would also further improve the ability of 
endoscopic and histologic remission to predict for clinically important outcomes. The classic teaching that UC is an 
autoinflammatory condition limited to the mucosal layer of the bowel, is not entirely true. Evidence indicates that UC 
also involves the submucosa and mucosal layers, with accumulation of progressive damage[14].
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Treatment endpoints also need to take into account their accessibility and practicality. Colonoscopies inconvenience 
patients with requirement for bowel prep and time taken off from work, family and social activities in order to undergo 
bowel preparation, the procedure itself, and subsequent recovery from the procedure and sedation. In addition, this 
places a burden on healthcare resources. It would not be convenient to repeat colonoscopies very frequently and as such 
alternate endpoints are required to supplement endoscopic, histologic and potentially gut barrier function related 
endpoints. Biomarkers and intestinal ultrasound are used as additional treatment endpoints that can complement clinical 
assessment. These can be repeated more frequently than endoscopic and histologic assessment to ensure patients are 
tracking along a desired trajectory.

INCREMENTAL BENEFIT OF DEEPER LEVELS OF REMISSION AND THE RISKS OF THEIR PURSUIT
Although population studies have demonstrated superiority of histologic remission and gut barrier function restoration 
compared to endoscopic remission, it may not be practical to achieve these endpoints in every patient. Local availability 
of histologic disease activity scoring and/or specialised CLE equipment and expertise would have a bearing on whether 
these treatment endpoints are to be utilised. In addition, colonoscopy procedural time and healthcare resource constraints 
would impact the decision to pursue histologic remission and barrier healing as treatment endpoints in addition to 
endoscopic remission and mucosal healing.

During patient consultations it is important to quantify the incremental benefits of pursuing deeper levels of remission, 
to allow for informed decision making between patient and clinician. A systematic review by Yoon et al[35] assessed the 
incremental benefits of achieving deeper levels of remission through pooled data from 17 studies, involving some 2608 
patients. Achieving MES 0 vs 1 was associated with half the clinical relapse risk (28.7% at 12 month for MES 1 vs 13.7% for 
MES 0). Of those that achieved endoscopic remission with MES of 0, achievement of histologic remission further reduced 
the risk of symptomatic relapse by 63%. The absolute risk of clinical relapse was 13.7% among those with endoscopic 
remission, compared to 5.0% for those achieving both endoscopic and histologic remission. Absolute risk is a more 
relevant statistic for communicating risk to patients compared to relative risk.

Careful balancing of risk and benefit of pursuing deeper levels of remission is required. In a treat-to-target approach, 
patients that are not meeting the desired endpoints are required to have treatment modified by either intensification of 
current treatments, addition of new treatments, or a change to a different treatment. Any of these 3 changes in therapy 
has potential to bring about new side effects. Hence careful discussion with the patient is required so that risks and 
benefits can be weighed. Overall, the safety profile of various advanced IBD therapies is not drastically different. In a 
network meta-analysis there was no difference between overall rates of adverse events and serious adverse events 
between biologics, advanced small molecules, microbiome therapies and placebo, apart from an increased risk of overall 
adverse events with of upadacitinib compared to both infliximab [dds ratio (OR) 3.36, 95%CI: 1.00-10.36] and ada-
limumab (OR 4.57, 95%CI: 1.02-19.37)[68]. In another network analysis there was no statistically significant difference 
between adverse events, serious adverse events and infections between different biologics and also placebo used in UC
[69]. Patients and clinicians may place different emphasis on the risk profile of various IBD therapies.

In addition, changing therapy, such as to a new advance therapy, biologic or small molecule, may result in disease 
flare, with subsequent failure to recapture response on changing to the initial advance therapy. A study of tofacitinib 
retreatment among responders and remitters in whom treatment was interrupted, found a 74.0% clinical response rate 
and a 39.0% clinical remission rate[70]. Similarly retreatment with infliximab in prior remitters in whom treatment was 
interrupted, does not have universal response rate. A study found that recapture of response in this group was 91% post 
re-induction and 77.5% at 1 year[71]. It is a difficult choice to change therapy in an individual that has had a partial 
response to one therapy, but has not reached the predetermined treatment endpoint. The number of remaining advance 
therapies the patient has, as well as their disease phenotype, may impact the decision to pursue deeper levels of 
remission. Patients with a prior aggressive phenotype, particularly ASUC, who have achieved partial response, may be 
more reluctant to have their therapy altered.

PRACTICAL RECOMMENDATIONS
We propose an additional arm to the classic treat-to-target algorithm (Figure 1). If a treatment endpoint is not achieved, 
we propose that the treatment endpoint be reassessed prior to modifying therapy. The decided treatment endpoints 
should be clearly documented in the patients notes both at the start of therapy and at each assessment thereafter. This 
ensures that assessment of treatment endpoint appropriateness, and not only their achievement, becomes a routine and 
formal part of patient assessment.

The clinician cannot treat the UC in isolation and needs to take into account the patients other health issues and 
priorities. Among patients with limited life expectancy, symptomatic remission may be a sufficient treatment end-point. 
Long term complications such as dysplasia become less relevant in this case. Depending on the patient co-morbidities, 
stronger systemic immunosuppression may not be desired.

Furthermore, the timeframe to reassess various endpoints needs to be appropriately selected. This timeframe would 
depend both on the treatment that has been commenced as well as the selected endpoint. STRIDE-II does provide a 
consensus on the evidence for mean times to achieve various treatment endpoints in CD and UC, as stratified by 
treatment (Table 1)[4]. However the authors acknowledge the evidence on which this is based has deficiencies. For 
various biologics the mean time to achieve mucosal healing in UC was estimated to range between 13 and 18 wk. In a 
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Table 1 Mean times (in weeks) for various induction therapies to reach a particular endpoint in ulcerative colitis

Treatment endpoints
Therapy

Clinical response Clinical remission Normalisation CRP/ESR Decrease of faecal calprotectin Mucosal healing

Oral 5-aminosalicylates 4 8 8 10 13

Oral steroids 2 2 5 8 11

Locally acting steroids 3 8 8 9 13

Thiopurines 11 15 15 15 20

Adalimumab 6 11 10 12 14

Infliximab 5 10 9 11 13

Vedolizumab 9 14 14 15 18

Tofacitinib 6 11 9 11 14

CRP: C reactive protein; ESR: Erythrocyte sedimentation rate. Adapted from Turner et al[4], 2021.

Figure 1  Proposed treat-to-target algorithm where treatment endpoints are a dynamic entity.

prospective trial of IUS during induction therapy for UC, reduction in BWT as measured by intestinal ultrasound reached 
statistical significance at week 2 for infliximab and tofacitinib and week 6 for vedolizumab[53]. During short-term follow 
up it would be more appropriate to assess intestinal ultrasound and biomarkers response rather than endoscopic mucosal 
healing.

In addition, the practicality of various treatment endpoints needs to be considered. This may impact the time frame 
over which certain tests could be performed, or whether they can be performed at all. Repeating colonoscopy is 
potentially more onerous for patients and the healthcare setting compared to clinical assessment, point of care intestinal 
ultrasound or biomarkers assessment. This would impact the frequency with which colonoscopy is repeated. Although 
some studies have demonstrated superiority of gut barrier function restoration as a treatment endpoint over endoscopic 
or histologic remission, requirement for specialised CLE equipment and expertise would have a bearing on whether these 
treatment endpoints are to be utilised.

Another way of approaching this is to determine the appropriate follow up intervals for an individual patient, and to 
subsequently determine the endpoints that will be assessed at each follow up interval. A patients disease severity may 
necessitate closer follow up intervals to ensure the patient is improving along an appropriate trajectory. For instance, post 
hospitalisation with ASUC would require follow up over a shorter interval compared to post initiation of 5-aminosali-
cylate therapy for mild UC. Realistic treatment endpoints need to be selected for each follow up interval. It also needs to 
be recognised that the different individuals would respond to therapies at different rates. It is important not to dis-
continue therapy too early, particularly if there is evidence of partial response.

Furthermore, in deciding endpoints for an individual patient, we suggest that two separate endpoint thresholds be 
decided on and documented, this being minimal endpoints and ideal endpoints to be achieved at the appropriate follow 
up (Table 2). Patients that have partially achieved the minimum treatment endpoints but fall short of achieving the ideal 
treatment endpoints may have treatment modified if appropriate to achieve these more stringent endpoints. Options to 
modify therapy would be dose escalation of current therapy, additional of another therapy, or change from current line of 
therapy to another line of therapy. The last option runs the risk of loss-of-response to the new line of therapy, and 
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Table 2 Suggested table for documentation of treatment endpoints in ulcerative colitis

Time 
frame Short term Medium term Long term

Proposed 
duration

6-8 wk 12-16 wk 26-52 wk

Endpoint 
type

Minimum endpoints Ideal endpoints Minimum endpoints Ideal endpoints Minimum 
endpoints

Ideal endpoints

Endpoints Clinical response; 
Biochemical response; 
IUS response

Clinical remission; 
Biochemical remission; 
IUS remission

Clinical remission; 
IUS response; 
Endoscopic response 

IUS remission; 
Endoscopic 
remission 

Endoscopic 
remission; 
Histologic 
response

Endoscopic healing; 
Histologic healing; Gut 
barrier function 
restoration

It is recommended that endpoints in this table are re-evaluated periodically to either confirm or modify endpoints depending on individual patient factors. 
The above may be applicable for an otherwise healthy adult with ulcerative colitis. Ideal endpoints are in addition to minimum endpoints. IUS: Intestinal 
ultrasound.

potentially failure to recapture response on changing back to the original therapy. This can be of concern in patients with 
a previous aggressive disease phenotype. With balancing risk and benefit, we may also consider treatment de-escalation 
in patients that have achieved the ideal treatment endpoint after an appropriate timeframe. Ultimately deciding on 
treatment endpoints and how hard to pursue them would be a risk and benefit discussion between patient and doctor.

In an otherwise healthy adult patient, we suggest clinical response, biochemical response and IUS response as minimal 
short-term treatment endpoints. In this time frame we would consider clinical, biochemical and IUS remission as ideal 
endpoints. At medium term follow up we generally consider clinical remission, biochemical remission, IUS response and 
endoscopic response as minimal endpoints with IUS and endoscopic remission being considered as ideal endpoints at 
this follow up. In the long term we would pursue endoscopic remission and histologic response as minimal endpoints, 
along with normalisation of quality of life and absence of disability. Ideally however given new evidence of improved 
outcomes with histologic remission and gut barrier function restoration over endoscopic remission, if practical we would 
consider these as ideal long-term endpoints.

It is important to recognised that conditions other than UC-related autoinflammation may cause treatment endpoints 
not to be met. If treatment endpoints are not met the clinician should also consider and if necessary, treat any such 
underlying conditions in a treat-to-target approach, rather than mechanistically altering IBD related therapy. A significant 
proportion of IBD patients have functional bowel symptoms which can persist even if inflammation is controlled, and can 
manifest symptomatically similar to disease flare[56]. Infection such as CMV or Clostridium difficile, may also drive 
inflammation instead of or alongside UC related auto-inflammation[72-74]. These are hence important to diagnose and 
treat.

FUTURE RESEARCH DIRECTIONS
Future research should focus on working out the ideal combination of treatment endpoints that are validated against 
short and long-term clinically relevant outcomes. We need to understand which endpoints predict for clinically important 
outcomes independently, such that we are not pursuing treatment endpoints that add little to the total predictive value. 
This would achieve best value healthcare for patients. In addition, we need studies that quantify the additional benefit of 
achieving more stringent treatment endpoints, such that an informed risk and benefit discussion can be had with patients 
in order to decide on appropriate treatment endpoints within an individual patient. Further studies are required to 
quantify the ideal time frame to assess for various treatment endpoints, depending on the initiated therapy. As there is 
inter-individual variability in rates of response to various therapies, studies are also needed to determine time frame for 
plateau of attainment of various treatment endpoints. This will clarify a time frame beyond which persisting with a 
particular therapy becomes futile, relative to the treatment endpoint chosen. Studies should also focus on modifying 
factors within individual patients that may make certain treatment endpoints more relevant.

The above multidimensional model for selecting individualised treatment endpoints and the time frames over which 
they are to be assessed, may become more complex as further data becomes available. Machine based learning has been 
shown to outperform traditional statistical modelling in risk prediction models in IBD[75]. Computer modelling may be 
utilised in future to aid in risk and benefit discussions in individual patients when deciding on pursuing deeper levels of 
remission.

CONCLUSION
To conclude treatment endpoints in UC is not a one size fits all unfortunately. We suggest that treatment endpoints 
should be individually decided upon through discussion between patient and physician. Treatment endpoints should not 
be a set-and-forget target, but should be regularly re-evaluated for appropriateness within an individual patient. We 
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suggest the addition of histologic remission and gut barrier function restoration, depending on accessibility, as long-term 
treatment endpoints in UC to the latest STRIDE-II recommendations. However, individual patient circumstances may 
warrant relaxation of treatment endpoints. Similarly, within individuals treatment endpoints should be treated as a 
spectrum with two thresholds being set. For each time-frame of short-, medium- and long-term treatment endpoints, both 
minimum and ideal treatment endpoint thresholds should be set. Not achieving the minimum treatment endpoints 
would usually necessitate treatment modification. However, achieving the minimum but not the ideal endpoints may 
warrant less drastic treatment modification such as dose up-titration, addition of another treatment, but potentially not 
changing to another advanced therapy. Although delineating treatment endpoints for every potential patient circum-
stance is beyond the scope of this editorial, we have presented considerations that should be taken into account in 
deciding on treatment endpoints. Further studies are required to provide a stronger evidence basis for selecting treatment 
endpoints in individuals.
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