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Abstract
BACKGROUND
A gap remains in documenting the impact of anti-tumor necrosis factor therapy on disease burden in ulcerative colitis (UC) patients treated in a real-world setting. The use of patient-reported outcomes (PROs) has been discussed as a primary endpoint in the context of the FDA PRO Guidance, for labelling purposes. Specifically, the efficacy and safety of adalimumab have been demonstrated in pivotal trials; however, data are needed to understand how clinical results translate into improvements in key aspects of the daily lives of UC patients, such as symptoms, health-related quality of life (HRQoL), and disability.

AIM
To assess real-world effectiveness of adalimumab on PRO measures in patients with moderate-to-severe UC.

METHODS
UCanADA was a single arm, prospective, 1-year multicenter Canadian post-marketing observational study in which multiple PRO questionnaires were completed—with psychologic distress/depression symptoms as the primary endpoint—by patients with moderate-to-severe UC. Assessments were performed during patients’ routine care visit schedule, which was at the initiation of adalimumab (baseline), after induction (approximately 8 wk), and 52 wk after baseline. Additional optional assessments between weeks 8 and 52 were collected at least once but no more than two times during this period. Serious safety events and per-protocol adverse events were collected.

RESULTS
From 23 Canadian centres, 100 patients were enrolled and 48 completed the study. Measured with the Patient Health Questionnaire–9 items at week 52, 61.5% (40/65) [95% confidence interval (CI): 49.7%-73.4%] of the patients improved in psychologic distress/depression symptoms, which was slightly higher in completers [65.9% (29/44); 95%CI: 51.9%-79.9%)]. At week 52, clinical response and clinical remission were achieved respectively by 65.7% (44/73) and 47.8% (32/73) of the patients. The odds of improving depressive symptoms for those achieving a clinical remission at week 52 was 7.94 higher compared with those not achieving a clinical remission (CI: 1.42, 44.41; P = 0.018). Significant changes from baseline to weeks 8 and 52 were observed in disability, HRQoL, and fatigue. Meaningful improvement was reported in work impairment.

CONCLUSION
At week 52, over 60% of the UCanADA patients had depressive symptoms significantly reduced, as well as HRQoL, fatigue symptoms, and work impairment improved. No new safety signals were detected.
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Core Tip: In real-world at week 52, over 60% of patients with moderate-to-severe ulcerative colitis treated with adalimumab had their depressive symptoms improved, as well as their quality of life, fatigue symptoms, and work impairment. No new safety signals were detected.

INTRODUCTION
Ulcerative colitis (UC)—an intermittent, idiopathic, and chronic disease of the colon—has a worldwide incidence of 1 to 20 per 100000 individuals and a prevalence of 5 to 500 per 100000 individuals[1,2]. As of 2018 in Canada, it is estimated that 120000 individuals live with this disease.
The burden of UC has been recognized to extend beyond its clinical signs and physical symptoms such as bloody diarrhea and abdominal pain, including the development of anxiety/depression, a decreased health-related quality of life (HRQoL), an impact on work productivity and social interactions, and impairments in sexual function[3-6]. As such, having access to multidisciplinary, collaborative, chronic disease models of care improves patients’ HRQoL[7].
Around 30% of patients with inflammatory bowel disease (IBD) experience psychiatric disorders, and depression/anxiety in these patients have been shown to be three times greater than in the general population[8]. In UC patients, the prevalence of depression symptoms and disorders have been estimated as 16.7% [95% confidence interval (CI): 12.0%-21.4%][9]. Assessing the severity of depression in over 158000 IBD patients, a Patient Health Questionnaire–9 items (PHQ-9) pooled mean score of 7.6 (95%CI: 6.3-8.8, on a 0-27 scale) has been reported, which can be interpreted as a mild depression[9,10].
Among physical symptoms, fatigue, which is not relieved by rest and implies limitations of daily activities[11], has been reported by 42% to 47% of UC patients at diagnosis[12]. Fatigue has been shown to impact IBD patients’ QoL and is experienced by those of all ages, with some studies suggesting a greater burden in women[13-17]. In a recent review on IBD, Nocerino et al[18] documented strong associations between fatigue and sleep disturbance and inadequate sleep, highlighting a proportion of more than 50% of both active and inactive IBD patients reporting sleep deficiency.
Consistent with the increasing inclusion of patient’s voice in all aspects of health care as in UC therapies[19] and aiming to align with the FDA guidance[20], the use of patient-reported outcome (PRO) questionnaires are more and more used as clinical endpoints in IBD studies[21]. The use of PRO instruments helps understand patients’ preferences, which in turn has been shown to be associated with treatment acceptance and adherence[22-25].
In IBD populations, depression/anxiety has been measured with a wide range of tools, including the PHQ-9[9,26-29]. The Inflammatory Bowel Disease Questionnaire (IBDQ) and its short version (SIBDQ) as well as the EuroQol 5-Dimentions, 5 Levels (EQ-5D-5L) questionnaire have been used to assess HRQoL[30-34], fatigue has been assessed by the Functional Assessment Chronic Illness Therapy–Fatigue (FACIT-F) questionnaire[18,35-37], and work productivity with the Work Productivity and Activity Impairment (WPAI) questionnaire[26,30,38-40].
Developed and validated in 2012 in a population-based cohort, the inflammatory bowel disease disability index (IBD-DI) is specific to assess disability in IBD patients[41-43]. On a 0-100 scale, the mean (interquartile range) value of the IBD-DI was 35.3 (Q1 = 19.6; Q3 = 51.8). Higher IBD-DI values were associated with female gender (P < 0.001), clinical disease activity (P < 0.0001), and disease duration (P = 0.02)[42].
To provide real-world data on improvements in daily lives of UC patients, the overall goal of the UCanADA study was to gather evidence on effectiveness, quality of life, disability, and work productivity during an adalimumab treatment. The primary objective was to evaluate psychological distress/depression symptoms using change from baseline in the PHQ-9 after 1 year of a real-world adalimumab treatment in moderate-to-severe UC patients.

MATERIALS AND METHODS
Study design and patients
In this prospective, single arm, 1-year multicenter Canadian post-marketing observational study, adults (≥ 18 years) with a confirmed diagnosis of UC and a moderate-to-severe disease activity–evidenced by either a Mayo endoscopic subscore (MES) of 2 or 3 from endoscopic investigation in the previous 3-mo closest to the baseline visit, or a Mayo rectal bleeding subscore ≥ 2 and a calprotectin value greater than 250 mg/g–were enrolled if they were prescribed adalimumab as part of their treatment by their treating physician. If a patient was previously treated with vedolizumab or any anti-tumor necrosis factor (TNF) agent (except adalimumab), an appropriate washout period took place per routine practice, which period varied usually from 2 to 3 mo.
Excluded from the study were patients who either previously received adalimumab, used infliximab or any anti-TNF agent and did not clinically respond at any time unless they experienced a treatment limiting reaction; had a history of subtotal colectomy with ileorectostomy or colectomy with ileoanal pouch, Kock pouch, or ileostomy for UC or planned bowel surgery; had a current diagnosis of indeterminate colitis, ulcerative proctitis only, or with a current diagnosis and/or have a history of Crohn’s disease; had other TNF immune-modulated disease; OR had a significant history of renal, neurologic, psychiatric, endocrinologic, metabolic, immunologic, cardiovascular, or hepatic disease that in the opinion of the investigator would adversely affect his/her participating in this study. Also, we excluded from the study pregnant or breast-feeding female patients and patients currently participating in another prospective study including controlled clinical trials.
Eligible patients were approached to participate in the study after a decision to change the patient’s therapy for adalimumab was already made by the treating physician. To participate in the study and to disclose personal health information, all patients were required to sign a patient authorization form (or written informed consent), which was approved by an Independent Ethics Committee/Institutional Review Board (ClinicalTrials.gov Identifier: NCT02506179). The study was conducted between July 2015 and December 2019 in 23 Canadian sites, with approximately half of the sites being community based and the other half academic based.

Assessments
Patients were followed for 52 wk post initiation of adalimumab treatment (baseline). The assessments were performed during patients’ routine care visits schedule, coinciding approximately to 8 and 52 wk after baseline, in accordance with the Canadian approved label (product monograph) and as per regional requirements. The completers population was defined as patients who received at least one dose of treatment, and at least one follow-up appointment and did not terminate the study early or discontinue.
During these visits, the patients’ medical history and changes in medical conditions, previous and concomitant medications, and disease severity and activity [clinical response defined as simple clinical colitis activity index (SCCAI)[44] decrease from baseline of ≥ 2, clinical remission defined as SCCAI score ≤ 2, endoscopic evaluation (MES), assessment of rectal bleeding (Mayo Rectal bleeding Subscore), and the physician’s global assessment (PGA)] were assessed.
Also, patients were required to fill, on paper at the physician’s office, eight PRO questionnaires for evaluating: The presence and severity of depression (PHQ-9 using a 0-27 scale)[10], the entire spectrum of limitations in functioning in patients (IBD-DI questionnaire evaluating 4 domains of body functions, activity and participation, body structures, and environmental factors)[41], HRQoL (EQ-5D-5L questionnaire comprising mobility, self-care, usual activities, pain/discomfort, and anxiety/depression using a 0-1 scale)[45], SIBDQ questionnaire assessing the social, emotional, bowel, and systemic domains on a 1-7 scale[46], fatigue (FACIT-F questionnaire having a fatigue subscale score with a range from 0 to 52)[47], sleep related outcomes [Medical Outcomes Study Sleep scale (MOS Sleep) 12-item questionnaire including sleep disturbance, sleep awakening short of breath or with headache, sleep adequacy, somnolence, and quantity of sleep/optimal sleep][48], work related outcomes [WPAI: UC V2.0[49] presenting percentages of absenteeism (work time missed), presenteeism (impairment while working), an overall work impairment (overall productivity loss, accounting for both absenteeism and presenteeism), and activity impairment (impairment in activities outside work)], and Valuation of Lost Productivity (VOLP) questionnaire[50], assessing the impact of health conditions on lost productivity in monetary units. The order by which the PRO questionnaires were filled was varied to limit the potential of missing data that would systemically be found for a particular instrument.
Safety assessments included serious adverse events (AEs), any non-serious event of malignancy in patients 30 years of age and younger[51], unusual failure in efficacy, and AEs leading to discontinuation. These were coded using Medical Dictionary for Regulatory Activities version 17.1.

Study size and statistical methods
The sample size was calculated assuming a proportion of 15% of patients would improve their PHQ-9 score compared with baseline and change severity category. Using an alpha of 0.05 with a lower CI of 6%, a sample size of 72 patients would be needed. To account for a potential 25% attrition over the course of one year, the sample size was increased to 100 patients. It was anticipated that up to 30% of the 100 moderate-to-severe UC patients newly treated with adalimumab would have prior experience with biologics.
The primary effectiveness endpoint—the proportion of patients with a change in depressive symptoms using the PHQ-9 score from baseline following initiation of adalimumab and after 1 year of treatment—was calculated, and the 95%CIs were estimated. Changes in PHQ-9 scores from baseline were tested by paired sample t-test. Least-square mean (LS mean) of the changes were also estimated by the mixed effect repeated measures models where baseline values were included as a covariate. Changes in severity categories were tested by Bowker’s test (kxk table where k > 2) or McNemar’s test (2 × 2 table).
To understand the independent effect of clinical effectiveness on the probability of improving in PHQ-9 at week 52, a logistic regression analysis was conducted to examine the effect of clinical response and clinical remission adjusting for the baseline PHQ-9 score and other potential prognostic factors. A similar analysis was conducted to assess the association between clinical effectiveness on changes of PHQ-9 scores from baseline. LS mean of the changes associated with clinical response and clinical remission was estimated by the mixed effect repeated measures models using all follow-up visits.
For secondary outcomes, the IBD-DI, EQ-5D-5L, SIBDQ, FACIT-F, and MOS Sleep, scores at baseline, week 8, and week 52 were summarized, and changes in scores from baseline were tested by paired sample t-tests. LS mean of the changes were also estimated by the mixed effect repeated measures models where the baseline value was included as a covariate. Productivity outcomes (WPAI and VOLP) at baseline, week 52, and changes in outcome from baseline were summarized. The 95%CIs for the changes were estimated by bootstrapped percentile CIs based on samples of 10000.
The sensitivity to change for the IBD-DI was evaluated using the effective size (ES) and the standardized response mean (SRM). For both statistics, values of 0.020, 0.50, and 0.80 or greater were used to represent small, moderate, and large, respectively. The association between the change in PROs (EQ-5D-5L, SIBDQ, FACIT-F, and MOS Sleep) and clinical response/remission (effectiveness) were assessed using a mixed model for repeated measures using observations from all follow-up visits with the baseline value included in the model as a covariate. All models with repeated measures included a random intercept with the effectiveness variable (fixed, forced-in), visit (fixed, forced-in), baseline value of the PRO measure (fixed, forced-in) and other covariates. Cross-sectional regression models included an intercept with the effectiveness variable (forced-in), baseline value of the PRO measure (fixed) and other covariates. Least squares means, P value and 2-sided 95%CI of the difference between the two groups defined by the clinical effectiveness were determined. Additional details on the statistical analysis used to determine the correlation between effectiveness (clinical response and remission) rates and PRO measures are provided in the Supplementary material section. 
Missing data were imputed only for the sensitivity analysis of the primary outcome. For missing responses on PRO questionnaire items, missing data were handled per the imputation solutions provided in the coding of the PRO instruments. To assess the impact of missing data on the primary endpoint estimate, the sensitivity analysis was performed using two imputation methods: Non-responder imputation (NRI), defined as patients who did not provide week 52 effectiveness data or dropped out of the study prior to week 52 were considered as no improvement; and last observation carried forward (LOCF) defined as the last effectiveness assessment prior to week 52 was used for those missing week 52 assessment.
All calculations and analyses were performed using SAS version 9.4 (Cary, NC: SAS Institute Inc.) under the Windows 10 Enterprise operating system at the Centre for Health Evaluation and Outcome Sciences, in Vancouver, Canada.

RESULTS
Patients
One hundred patients from 23 Canadian sites were included in the study (Figure 1). Respectively, 94, 48, and 98 patients were included in the effectiveness population [intent-to-treat (ITT) population], the completers population, and the safety population. Patients in the ITT population had a mean age (SD) of 42.5 (15.3) years and a mean body mass index of 25.4 (4.5) kg/m2 (Table 1). The majority was White (93.6%) and male (59.6%). The mean age at UC diagnosis was 34.5 (15.3) years, and the mean duration of disease was 7.9 (8.0) years. Forty-eight (48%) patients completed the study.

Impact on psychological distress/depression symptoms
Following routine care treatment with adalimumab, the proportion of patients who improved in psychological distress/depressive symptoms using the PHQ-9 total score at week 52—defined as a change in PHQ-9 total score from baseline, the study primary endpoint—was 61.5% (40/65) (95%CI: 49.7%-73.4%) for the ITT population and 65.9% (29/44) (95%CI: 51.9%-79.9%) for the completers population (Figure 2A). To assess the impact of missing data, the sensitivity analyses conducted on the primary endpoint showed that the proportions of patients who improved in psychological distress/depressive symptoms, using the NRI and LOCF imputation methods, were similar to the proportion obtained using the original non-imputed data analysis, with the ITT population (Supplementary Table 1).
Overall, changes from baseline in the PHQ-9 total score were significant at weeks 8 and 52 (P = 0.010), with changes slightly higher for the completers population [-2.5 (6.1) and -3.4 (6.8) at weeks 8 and 52] than in the ITT population [-2.2 (6.1) -2.4 (7.1)] on a 0-27 scale (Table 2). The proportion of patients with a PHQ-9 total score 10 (yellow flag category, i.e., moderate or more severe depression) was 25.6% (21/82) at week 8, which slightly increased to 29.2% (19/65) at week 52 for the ITT population. These proportions were lower and stable over time (18%-19%) for the completers population. For patients with severe depressive symptoms (red flag category), the proportions improved from 19.1% (18/94) and 16.7% (8/48) at baseline to 12.3% (8/65) and 2.3% (1/44) at week 52 for the ITT population and completers population, respectively.
The PHQ-9 questionnaire items that showed the highest improvement from baseline were ‘Poor appetite or overeating’ (response ‘Not at all’ increased by 23.3% from baseline to week 52, and response ‘Nearly every day’ decreased by 20.3% from baseline to week 52), ‘Little interest or pleasure in doing things’ (response ‘Not at all’ increased by 15.3% from baseline to week 52, and response ‘Nearly every day’ decreased by 12.1% from baseline to week 52), and ‘Feeling tired or having little energy’ (response ‘Not at all’ increased by 8.2% from baseline to week 52, and response ‘Nearly every day’ decreased by 20.3% from baseline to week 52) (Supplementary Table 2).

Clinical endpoints
The proportions of patients who achieved a clinical response (decrease from baseline ≥ 2 in SCCAI score) remained similar throughout the study [64.2% (52/81) at week 8 and 65.7% (44/67) at week 52], and the proportion who achieved clinical remission (SCCAI score ≤ 2) slightly increased [41.5% (34/82) at week 8 and 47.8% (32/67) at week 52] in the ITT population (Figure 2B). For the completers population, these proportions increased during the study for both the clinical response and clinical remission, reaching 85.4% (35/41) and 73.2% (30/41), respectively, at week 52 (Supplementary Table 3).
Similarly, the proportions of patients who achieved endoscopic healing remained constant between weeks 8 and 52 [42.9% (6/14) had a Mayo endoscopic score of 0 or 1 and 11.5% (3/26), had a fecal calprotectin concentration < 50 μg/g] in the ITT population (Figure 2C), whereas in the completers population, the proportions increased over time [71.4% (5/7) and 80.0% (8/10), measured with the Mayo endoscopic score and 7.7% (1/13) and 11.8% (2/17) measured with the fecal calprotectin concentration, at weeks 8 and 52, respectively] (Supplementary Table 3).
No major changes were observed over time in the extracolonic feature, with the majority of patients not having arthritis at both baseline and follow-up visit [81.5% (66/81) at week 8 and 82.1% (55/67) at week 52] (Figure 2D). The proportion of patients who had arthritis at baseline and none at follow-up was 8.6% (7/81) at week 8 and 9.0% (6/67) at week 52. Similar proportions were observed in the completers population (Supplementary Table 3).
The proportion of patients who were PGA responders, defined as a decrease from baseline of ≥ 1 point, varied from 66.7% (50/75) to 61.5% (40/65) for the ITT population (Figure 2E) and from 73.2% (30/41) to 83.7% (36/43) for the completers population, from week 8 to week 52, respectively (Supplementary Table 3). While at baseline the majority of patients had moderate disease [73.9% (68/92)], at week 8 the highest proportion of patients had mild disease [35.5% (27/76)], and at week 52, 50.0% (33/66) of patients were assessed as normal (Figure 2E). The proportion of patients assessed with severe disease remained comparable between week 8 [5.3% (4/76)] and week 52 [6.1% (4/66)]. Similar results were reported for the completers population (Supplementary Table 3).
A proportion of 5.5% (4/73) of patients reported complications including hospitalization and surgery at week 52 in the ITT population (Supplementary Table 4), and none were reported among the completers population (Supplementary Table 3). The proportion of patients with current steroid use decreased between week 8 and week 52 from 29.4% (25/85) to 19.2% (14/73) in the ITT population and from 22.2% (10/45) to 12.8% (6/47) in the completers population.

Improvement in IBD-DI
The mean change from baseline in IBD-DI increased from -10.7 (17.21) at week 8 to -13.8 (22.24) at week 52 (P < 0.001), with proportions of patients who improved disability increasing from 72.6% (53/73) to 74.1% (40/54) over time in the ITT population (Figure 2F). Results from the completers population were slightly higher [mean change from baseline = -14.69 (17.99) and -20.09 (17.74) and improved disability = 81.4% (35/43) and 88.9% (32/36) at weeks 8 and 52, respectively] (Supplementary Table 5).
The IBD-DI was moderately sensitive to change for the ITT population, varying from -0.61 to -0.77 for ES and had a SRM of -0.62 (Supplementary Table 6). For the completers population, the IBD-DI was greatly sensitive to change. The ES varied from -0.75 to 1.08 and the SRM varied from -0.82 to -1.13

Correlations between PHQ-9 and clinical outcomes
A correlation analysis showed that at week 52 an improvement in PHQ-9 total score was associated with the baseline PHQ-9 score, with a higher baseline score predicting a greater improvement on the PHQ-9 (Table 3). No associations were detected between an improvement in PHQ-9 and clinical response; however, an association was measured with clinical remission in the ITT analysis (OR: 7.94; 95%CI: 1.42-44.41; P = 0.018), though this was not statistically significant in the completer analysis.
A regression analysis between the PHQ-9 total score and clinical response/remission at week 52 showed an association at week 52 using the ITT population (P < 0.001), but not in the completer population (P ≥ 0.098) (Supplementary Table 7).

Impact on other PROs and correlation with clinical outcomes
For the other PRO tools used to assess the impact of the adalimumab treatment, changes from baseline at weeks 8 and 52 were significant for the EQ-5D-5L utility score, SIBDQ total score, FACIT-F total score, MOS Sleep Problems Index I and Sleep Problems Index II (P = 0.049) measured in the ITT population (Table 4) and the completers population (Supplementary Tables 8 and 9). A regression analysis showed that changes in the PRO measures between baseline and week 52 were all significantly associated with clinical outcomes (P < 0.001), except for the MOS Sleep measures (P ≥ 0.064) (Supplementary Table 10).
The SIBDQ items of social function and bowel symptoms improved the most from baseline [mean change at week 52, 1.09 (2.11) and 0.93 (1.66), respectively on a 1-7 scale] (P < 0.001) (Table 4). Observing the FACIT-F measures, patients reported gaining more over time from the physical fatigue [3.86 (7.11)] than from the functional fatigue [2.58 (6.36)], emotional fatigue [2.06 (5.26)], and social impact of fatigue [1.32 (4.60)], at week 52 (P = 0.024). For the MOS Sleep subscales, only the sleep adequacy subscale significantly improved over time, with a mean change from baseline of 11.69 (5.26) at week 52 (P < 0.001).
All the WPAI scores improved from baseline, and the ones that improved the most were activity impairment [-16.9% (29.8) at week 8 and -16.7% (33.6) at week 52], i.e., activities performed outside of work, and overall work impairment [-16.2% (30.2) at week 8 and -14.5% (34.4) at week 52], which combines absenteeism and presenteeism at work (Table 4). Similar results were reported for the completers (Supplementary Table 11).
For the VOLP, the most important changes were reported at week 52 and were related to paid work [paid work productivity loss in the past x months = -42.2 (115.7) hours and any paid work productivity loss in the past x months = -17% (-16.7%)] and lost productivity [any costs of lost productivity in the past x month = -15% (11.6%) hours and total costs of lost productivity in the past x months ($) = -1998 (-7299.7) $]. Study completers reported slightly higher results (Supplementary Table 11).

Safety
The safety profile was consistent with the known safety profile of adalimumab. During the study, 18 (18.4%) patients experienced at least one AE (Table 5). The AEs reported by more than 1% of patients were: Colitis ulcerative [6 (6.1%) patients], drug ineffective [6 (6.1%) patients], haematochezia [2 (2.0%) patients], and arthralgia [2 (2.0%) patients]. Each of the severe AEs was experienced by only one (1.0%) patient, which included one event each of anal fissure, colitis, dysphagia, and mouth ulceration. One patient experienced two events of severe oesophagitis.
Two (2.0%) patients experienced serious treatment-related AEs that were assessed by the investigator to be reasonably possibly related to adalimumab: 1 (1.0%) patient experienced two events of severe oesophagitis that led to hospitalization and prolongation of hospitalization, and one event of severe aggravated colitis that led to hospitalization; 1 (1.0%) patient experienced severe injection site pain. There was one report of cutaneous basal cell cancer in a 63-year-old male. Monitored as per protocol safety variable, there were no reports of malignancy in patients 30 years of age and younger. No death was reported during the study, and no new signal or unexpected trend was identified for the patient population.

DISCUSSION
To fill an information gap on Canadian real-world data on the effectiveness of adalimumab on PRO measures in moderate-to-severe UC patients, and consistent with the FDA guidelines on the use of PRO measures to support labelling claims[20], the UCanADA study enrolled 100 patients from 23 centres using as a primary endpoint the change from baseline in depressive symptoms at week 52, measured by the PHQ-9 questionnaire.
The PHQ-9 measures in study UCanADA showed that over 60% of the study population improved in psychological distress/depression symptoms during the real-world adalimumab treatment, with most gains observed at week 52 in the completers population (65.9%). Significant changes from baseline were observed at week 8, which were maintained at week 52 and were slightly higher for the completers population (P = 0.010). Despite this improvement, these scores may be interpreted as a remaining mild depression in patients[10] and not necessarily a clinically meaningful change[52-54] , which indicates a potential relevance to offer psychological support to this population[7,55]. In the present observational study, while patients who had a preliminary failure to biologics were excluded, patients with secondary failures were included, which may have led to the inclusion of patients with greater psychological burden than biologic-naïve patients.
Our results show a significant change from baseline in PHQ-9 score earlier during treatment than those of a recently reported cohort of 1804 UC outpatients, who were included regardless of treatment assignment or disease activity[26]. However, a similar decrease in PHQ-9 score was measured in UC patients at least 30 d after being initiated on an anti-TNF therapy (including infliximab, adalimumab, or certolizumab) and/or immunomodulator therapy (methotrexate or azathioprine)[29].
At week 52, clinical response and clinical remission were achieved respectively by 65.7% and 47.8% of the ITT population, and 85.4% and 73.2% of the completers population. These results are comparable to those from the InspirADA study at week 8, in which 463 moderate-to-severe UC patients from 92 international sites were treated with adalimumab following usual clinical practice[40].
To our knowledge, UCanADA is the first study reporting associations between PHQ-9 scores and clinical response/remission in UC patients in a real-world setting. A regression analysis showed that in the ITT population, the odds of improving depressive symptoms for those achieving a clinical remission at week 52 was 7.94 higher compared to those not achieving a clinical remission (OR: 7.94; 95%CI: 1.42-44.41; P = 0.018).
These results–as well as the significant associations measured between the PHQ-9 total score and clinical response/remission at week 52 (P < 0.001) and between clinical response/remission and IBD-DI, EQ-5D-5L, SIBDQ total score, and FACIT-F fatigue subscale (P = 0.002)–are consistent with the other findings showing a relationship between disease activity and HRQoL[34,35,56]. In a 6-mo study including 199 UC patients, a consistent and almost linear relationship was demonstrated between SCCAI values and the EQ-5D-5L index values (correlation: ρ: -0.53; P < 0.001)[34].
Other studies conducted in UC patients reported correlations between disease activity indexes and HRQoL measures. Aniwan et al[35] reported a good correlation between the SIBDQ and the combination of self-rated rectal bleeding and stool frequency using the 6-point partial Mayo score (ClinPRO2) and MES, from a study on 90 UC patients (r = -0.70; P < 0.01). Assessed on 110 UC patients, a significant correlation has been reported between SIBDQ and SCCAI and MES alone (r = −0.79 and r = −0.58, respectively)[56]. Consistent with our findings, these support an association between clinical remission and improved HRQoL.
To the PHQ-9 item ‘Feeling tired or having little energy’ between baseline and week 52, the proportion of patients feeling it ‘Nearly every day’ decreased by 20%, and those feeling it ‘Not at all’ increased by 8%. These results are in line with the significant decrease in fatigue shown in the FACIT-F total score and fatigue subscale (P = 0.006).
As fatigue has been reported to be strongly associated with sleep disturbances in IBD patients[18], not surprisingly our scores from the MOS sleep problems indexes I and II also significantly improved during the study, as well as sleep adequacy and sleep quantity subscores (P = 0.042 at week 52). Using the NIH PROMIS questionnaire in 160 patients with IBD using either and anti-TNF or vedolizumab, Stevens et al[57] reported significant and meaningful improvement in sleep quality by week 6 (P = 0.009), which was paralleled by a significant reduction in depression (P < 0.05), as measured in the UCanADA study population. These results reinforce the need to assess sleep disorders a part of an algorithmic approach for the systemic workup of fatigue[18].
Also related to fatigue, in a study including 1185 IBD patients (462 with UC), Williet et al[58] reported a strong correlation between FACIT-F score and IBD-DI measure (r = -0.78) as well as overall work impairment (r = -0.70). Similar trends were observed in UCanADA, i.e., a significant improvement in fatigue (FACIT-F total score; P < 0.001) mirrored by a significant improvement in IBD-DI measures (P < 0.001) as well as a meaningful improvement in overall work impairment during the study. Our IBD-DI measures are similar to those reported from other UC populations[43]. In a meta-analysis including 3167 IBD patients, Lo et al[43] reported a significant lower disease disability rates in patients on biological treatment than those on corticosteroids (P < 0.01).
At week 8 and week 52, there was a gain between 15% and 17% in work impairment, overall work impairment, and activity impairment in the UCanADA study population. These represent less gains than those reported from the InspirADA population at week 26; however, they were twice as high as the minimal clinically important difference of 7% in WPAI outcome[59].
Limitations of the research methods used in this study are related to, but may not have been limited to, the observational nature of the study with regards to missing data, which has been alleviated with the use of sensitivity analyses for the primary endpoint. This study consisted of a small cohort of patients, and only 48 (48%) patients completed the study. However, the results between the ITT population and completers population were fairly consistent. The PRO questionnaires being self-administered provide subjective data as opposed to objective data. The collection of secondary PROs data may be subject to a recall bias.

CONCLUSION
At week 52 in a real-world setting, adalimumab was effective in reducing depressive symptoms in patients with UC, with more than 60% of the patients achieving an improvement the PHQ-9 with a mean improvement of 2.4 points. A broad range of PROs including HRQoL and work productivity also significantly improved during the study. The safety profile was consistent with the known safety profile of adalimumab, and no new signal or unexpected trend was identified for the patient population.

ARTICLE HIGHLIGHTS
Research background
The efficacy and safety of adalimumab have been demonstrated in pivotal trials, but there remained a need to assess more holistically how the clinical results translate into concrete improvements in key aspects of the daily lives of ulcerative colitis (UC) patients, such as symptoms, health-related quality of life (HRQoL), and disability.

Research motivation
Although some patient-reported outcomes (PROs) from existing studies may have items capturing some of these aspects, limited data was available for adalimumab in UC, specifically on psychological distress/depression, disability, fatigue, and pain or sleep quality in real-life setting.

Research objectives
The overarching goal for the UCanADA study was to assess the real-life effectiveness of adalimumab on PRO measures, while taking the opportunity to use the inflammatory bowel disease disability index to assess the impact of adalimumab on key components of patients’ functioning when affected with moderate-to-severe UC.

Research methods
UCanADA was a single arm, prospective, 1-year multicenter Canadian post-marketing observational study in which multiple PRO questionnaires were completed—with psychologic distress/depression symptoms as the primary endpoint—by patients with moderate-to-severe UC. Assessments were performed during patients’ routine care visit schedule, which was at the initiation of adalimumab (baseline), after induction (approximately 8 wk), and 52 wk after baseline. Additional optional assessments between weeks 8 and 52 were collected at least once but no more than two times during this period. Serious safety events and per-protocol adverse events were collected.

Research results
One hundred patients were included in this final analysis, with 94 (94%) patients included in the efficacy population (identified as the intent-to-treat (ITT) population), 48 (48%) patients included in the completers’ population, and 98 (98%) patients included in the safety population. The primary endpoint–the proportion of patients who achieved a change from baseline, defined as an improvement in total severity score relative to baseline, in the Patient Health Questionnaire–9 items (PHQ-9) measure at week 52–was 61.5% [40/65 patients; 95% confidence interval (CI): 49.7%-73.4%] for the ITT population and 65.9% (29/44 patients; 95%CI: 51.9%-79.9%) for completers. The safety profile was consistent with the known safety profile of adalimumab, and no new signal or unexpected trend was identified for the patient population.

Research conclusions
At week 52, adalimumab, used in a real-life study, was effective in reducing depressive symptoms in patients with UC, with more than 60% of the patients achieving an improvement the PHQ-9 with a mean improvement of 2.4 points. Thus, the treatment with adalimumab contributed to reducing the depressive symptoms frequently experienced in patients with UC as well as improving a broad range of PROs such as HRQoL and work productivity, as assessed with PRO instruments. The safety profile was consistent with the known safety profile of adalimumab, and no new signal or unexpected trend was identified for the patient population.

Research perspectives
Improvements in PHQ-9 were associated with clinical remission. Beyond the PHQ-9, significant improvements in several PROs were observed suggesting an improvement in HRQoL and work productivity as well. The population in the study, as well as the inclusion and exclusion criteria, was representative of the target population. In addition, coinciding the study visits with the patient’s routine care visit schedule helped increase generalizability of the PRO instruments by decreasing the impact on real life.
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Figure 1 UCanADA study flow diagram. The intent-to-treat population was defined as patients who received at least one dose of treatment and had at least one follow-up appointment. The completers population was defined as patients who received at least one dose of treatment, and at least one follow-up appointment and did not terminate the study early or discontinue. The safety population was defined as patients who received at least one dose of treatment. FV: Final visit; ITT: Intent-to-treat.
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Figure 2 Effect of a real-world adalimumab treatment on effectiveness and patient-reported outcomes in moderate-to-severe ulcerative colitis patients. A: Proportion of patients who improved in Patient Health Questionnaire–9 items total score at week 52 in the intent-to-treat and completers populations (%), improvement defined as change from baseline, bars show 95% confidence intervals; B: Proportion of patients achieving clinical response/remission at weeks 8 and 52 (%), measured by the simple clinical colitis activity index (SCCAI) ≤ 2; C: Proportion of patients with endoscopic healing at weeks 8 and 52 (%), healing measured as a Mayo endoscopic subscore of 0 or 1 or a fecal calprotectin concentration < 50 μg/g; D: Proportion of patients with extracolonic feature at weeks 8 and 52 (%), measured by the SCCAI; E: Proportion of physician’s global assessment responders and severity at weeks 8 and 52 (%), responders defined as with a decrease from baseline of ≥ 1 point; F: inflammatory bowel disease index mean change from baseline and proportion of patients who improved (%). Bars represent standard deviations. PRO: Patient-reported outcome; UC: Ulcerative colitis; PHQ-9: Patient Health Questionnaire–9; IBD: Inflammatory bowel disease; SCCAI: Simple clinical colitis activity index; ITT: Intent-to-treat; PGA: Physician’s global assessment.

Table 1 Baseline patient and disease characteristics
	Characteristics
	
	N
	n (%) or mean ± SD

	Age
	
	94
	42.5 (15.3)

	Gender
	Male
	94
	56 (59.6)

	BMI (kg/m2)
	
	91
	25.4 (4.5)

	Race
	American Indian/Alaska Native
	94
	1 (1.1)

	
	Asian
	
	5 (5.3)

	
	White
	
	88 (93.6)

	Employment status
	Disability
	
	2 (2.1)

	
	Employed (fulltime, part time < 35 h/week)
	
	63 (67.0)

	
	Homemaker
	
	3 (3.2)

	
	Retired
	
	12 (12.8)

	
	Student
	
	6 (6.4)

	
	Temporary leave of absence
	
	1 (1.1)

	
	Unemployed
	
	6 (6.4)

	
	Unknown
	
	1 (1.1)

	Tobacco use
	Current smoker
	94
	2 (2.1)

	
	Former smoker
	
	34 (36.2)

	
	Never smoked
	
	55 (58.5)

	
	Unknown
	
	3 (3.2)

	Alcohol use
	Non-drinker
	94
	20 (21.3)

	
	Ex-drinker
	
	5 (5.3)

	
	Light (less than 2 drinks per day)
	
	61 (64.9)

	
	Moderate (2-4 drinks per day)
	
	5 (5.3)

	
	Unknown
	
	3 (3.2)

	Age at UC diagnosis (yr)
	
	98
	34.5 (15.3)

	Disease duration (yr)
	
	98
	7.9 (8.0)

	Family history of UC
	No
	98
	59 (60.2)

	
	Yes
	
	20 (20.4)

	
	Unknown
	
	19 (19.4)

	Montreal classification of extent of UC 
	E2
	97
	55 (56.7)

	(prior 3 mo)
	E3
	
	42 (43.3)

	Mayo Endoscopic Subscore 
	1
	90
	1 (1.1)

	(prior 3 mo)
	2
	
	66 (73.3)

	
	3
	
	23 (25.6)

	Endoscopy (prior 6 mo)
	Yes
	98
	91 (92.9)

	UC-related ED visit (prior 6 mo)
	Yes
	98
	13 (13.3)

	UC-related hospitalization (prior 6 mo)
	Yes
	98
	12 (12.2)

	Previous biologic use
	Yes
	44
	5 (11.4)

	Medication use:
	Corticosteroids
	98
	63 (64.3)

	 Since UC diagnosis to prior 6 mo
	Imuran (azathioprine)
	
	37 (37.8)

	
	6-MP
	
	8 (8.2)

	
	5-ASA
	
	83 (84.7)

	
	Methotrexate
	
	5 (5.1)

	
	Cyclosporine
	
	1 (1.0)

	Medication use: 
	Corticosteroids
	98
	61 (62.2)

	Since prior 6 mo to current
	Imuran (azathioprine)
	
	39 (39.8)

	
	6-MP
	
	5 (5.1)

	
	5-ASA
	
	67 (68.4)

	
	Methotrexate
	
	8 (8.2)

	
	Cyclosporine
	
	0 (0.0)


Montreal classification of extent of UC: E2 = left sided (distal) ulcerative colitis, E3 = extensive (pancolitis) ulcerative colitis. 
Mayo Endoscopic Subscore: 0 = normal or inactive disease, 1 = mild disease, 2 = moderate disease, 3 = severe disease. 
5-ASA: 5-aminosalicylic acid; 6-MP: Mercaptopurine; BMI: Body mass index; ED: Emergency department; UC: Ulcerative colitis. 

Table 2 Patient Health Questionnaire–9 items at week 8 and week 52/final visit
	Outcome
	ITT
	Completers

	
	Baseline (n = 94)
	Week 8 (n = 94)
	Week 52/final visit (n = 73)
	Baseline (n = 48)
	Week 8 (n = 48)
	Week 52/final visit (n = 47)

	PHQ-9 total score
	
	
	
	
	
	

	n
	94
	82
	65
	48
	43
	44

	mean ± SD
	8.8 (6.3)
	6.8 (5.3)
	6.5 (5.6)
	8.2 (6.7)
	5.8 (5.6)
	4.6 (4.3)

	Median
	8.0
	6.0
	5.0
	5.0
	5.0
	3.0

	Min, Max
	0.0, 26.0
	0.0, 26.0
	0.0, 22.0
	1.0, 26.0
	0.0, 26.0
	0.0, 15.0

	Change from baseline
	
	
	
	
	
	

	n
	
	82
	65
	
	43
	44

	mean ± SD
	
	-2.2 (6.1)
	-2.4 (7.1)
	
	-2.5 (6.1)
	-3.4 (6.8)

	P value
	
	0.002
	0.008
	
	0.010
	0.002

	PHQ-9 category, n (%)
	
	
	
	
	
	

	Minimal
	35 (37.2)
	31 (37.8)
	28 (43.1)
	23 (47.9)
	21 (48.8)
	25 (56.8)

	Mild
	23 (24.5)
	30 (36.6)
	18 (27.7)
	8 (16.7)
	14 (32.6)
	11 (25.0)

	Moderate
	18 (19.1)
	14 (17.1)
	11 (16.9)
	9 (18.8)
	4 (9.3)
	7 (15.9)

	Moderately severe
	11 (11.7)
	4 (4.9)
	7 (10.8)
	4 (8.3)
	2 (4.7)
	1 (2.3)

	Severe
	7 (7.4)
	3 (3.7)
	1 (1.5)
	4 (8.3)
	2 (4.7)
	0 (0.0)

	P value
	
	0.280
	0.681
	
	0.610
	0.542

	PHQ-9: Yellow flag category, n (%)
	
	
	
	
	

	
	36 (38.3)
	21 (25.6)
	19 (29.2)
	17 (35.4)
	8 (18.6)
	8 (18.2)

	P value
	
	0.028
	0.083
	
	0.021
	0.059

	PHQ-9: Red flag category, n (%)
	
	
	
	
	

	Yes
	18 (19.1)
	7 (8.5)
	8 (12.3)
	8 (16.7)
	4 (9.3)
	1 (2.3)

	P value
	
	0.013
	0.134
	
	0.180
	0.034


The yellow flag category was defined as the proportion of patients with a Patient Health Questionnaire–9 total score ≥ 10, and the red flag category was defined as patients with severe depressive symptoms. ITT: Intent-to-treat; Max: Maximum; Min: Minimum; PHQ-9: Patient Health Questionnaire–9 items. 

Table 3 Association between clinical response/remission and improvement in Patient Health Questionnaire–9 items total score at week 52/final visit–intent-to-treat and completers populations
	Analysis population
	Parameter
	Model coefficient (SE)
	Est. odds ratio (95%CI)
	P value

	Clinical response

	ITT 
	Baseline PHQ-9 total score
	0.17 (0.06)
	1.19 (1.05-1.34)
	0.005

	
	Clinical response at week 52: Yes versus No
	0.30 (0.65)
	1.35 (0.38-4.84)
	0.648

	
	UC duration (years)
	0.11 (0.05)
	1.11 (1.00-1.24)
	0.051

	Completers
	Baseline PHQ-9 total score
	0.20 (0.10)
	1.22 (1.00-1.48)
	0.049

	
	Clinical response at week 52: Yes versus No
	-1.29 (1.29)
	0.28 (0.02-3.43)
	0.317

	
	UC duration (years)
	0.14 (0.08)
	1.15 (0.98-1.35)
	0.079

	Clinical remission

	ITT 
	Baseline PHQ-9 total score
	0.28 (0.09)
	1.33 (1.11-1.59)
	0.002

	
	Clinical remission at week 52: Yes versus No
	2.07 (0.88)
	7.94 (1.42-44.41)
	0.018

	
	UC duration (years)
	0.11 (0.06)
	1.11 (1.00-1.24)
	0.054

	Completers
	Baseline PHQ-9 total score
	0.22 (0.11)
	1.24 (1.00-1.53)
	0.045

	
	Clinical remission at week 52: Yes versus No
	1.39 (1.07)
	4.00 (0.50-32.37)
	0.193

	
	UC duration (years)
	0.14 (0.08)
	1.15 (0.98-1.36)
	0.095


Clinical response based on simple clinical colitis activity index (SCCAI): decrease from baseline of ≥ 2. Clinical remission: SCCAI ≤ 2.
CI: Confidence interval; ITT: Intent-to-treat; PHQ-9: Patient Health Questionnaire–9 Items; SE: Standard error. 

Table 4 Change from baseline in other patient-reported outcomes at weeks 8 and 52–intent-to-treat population
	PRO measure
	Baseline
	Change from baseline

	
	n (%) or mean ± SD
	N
	Week 8, n (%) or mean ± SD
	P value
	N
	Week 52, n (%) or mean ± SD
	P value

	[bookmark: _Hlk69294419]EQ-5D-5L
	0.78 (0.17)
	83
	0.05 (0.17)
	0.021
	65
	0.06 (0.24)
	0.049

	SIBDQ
	
	
	
	
	
	
	

	Total score
	4.26 (1.08)
	83 
	0.60 (1.08)
	< 0.001
	65
	0.71 (1.24)
	< 0.001

	Social function
	4.40 (1.91)
	82 
	0.93 (1.78)
	< 0.001
	64
	1.09 (2.11)
	< 0.001

	Emotional function
	4.32 (0.78)
	83 
	0.23 (0.82)
	0.013
	65
	0.20 (0.93)
	0.093

	Bowel symptoms
	4.25 (1.33)
	83 
	0.69 (1.50)
	< 0.001
	65
	0.93 (1.66)
	< 0.001

	Systemic symptoms
	4.11 (1.63)
	83 
	0.63 (1.33)
	< 0.001
	65
	0.68 (1.56)
	< 0.001

	FACIT-F
	
	
	
	
	
	
	

	Fatigue subscale
	30.10 (13.76)
	83 
	3.78 (12.29)
	0.006
	65
	5.41 (13.87)
	0.003

	Physical fatigue
	17.67 (6.59)
	83 
	2.44 (6.27)
	< 0.001
	65
	3.86 (7.11)
	< 0.001

	Social impact of fatigue
	20.69 (5.02)
	82 
	0.52 (3.97)
	0.234
	65
	1.32 (4.60)
	0.024

	Emotional fatigue
	15.37 (4.71)
	83 
	1.10 (4.24)
	0.021
	65
	2.06 (5.26)
	0.002

	Functional fatigue
	15.65 (5.54)
	83 
	2.07 (5.43)
	< 0.001
	65
	2.58 (6.36)
	0.002

	Trial outcome index
	63.42 (24.02)
	83 
	8.29 (21.79)
	< 0.001
	65
	11.85 (24.85)
	< 0.001

	FACT-G total score
	69.38 (16.99)
	82 
	6.16 (15.58)
	< 0.001
	65
	9.82 (18.58)
	< 0.001

	FACIT-F total score
	99.48 (29.04)
	82 
	9.99 (26.34)
	< 0.001
	65
	15.23 (30.64)
	< 0.001

	MOS Sleep
	
	
	
	
	
	
	

	Sleep problems index I
	40.46 (19.16)
	83 
	-4.14 (15.89)
	0.020
	65
	-6.56 (16.21)
	0.002

	Sleep problems index II
	42.30 (19.69)
	83 
	-3.47 (15.66)
	0.047
	65
	-4.92 (16.75)
	0.021

	Sleep disturbance scale
	41.52 (25.58)
	83 
	-3.67 (20.82
	0.112
	65
	-4.22 (22.30)
	0.132

	Snoring scale
	30.22 (33.08)
	81 
	0.00 (24.49)
	1.000
	63
	2.54 (25.78)
	0.437

	Short of breath scale
	11.06 (19.37)
	83 
	2.41 (21.50)
	0.310
	65
	3.08 (19.12)
	0.199

	Sleep adequacy
	42.13 (26.96)
	83 
	8.07 (26.01)
	0.006
	65
	11.69 (26.31)
	< 0.001

	Somnolence scale
	43.12 (27.35)
	83 
	-1.37 (22.42)
	0.581
	65
	-4.00 (25.24)
	0.206

	Sleep quantity
	6.73 (1.41)
	82 
	0.13 (1.29)
	0.371
	63
	0.34 (1.31)
	0.042

	WPAI1
	
	
	
	
	
	
	

	Work time missed (%)
	18.9 (31.1)
	48
	-6.7 (30.9)
	
	37
	-9.4 (35.0)
	

	Work impairment while working (%)
	39.5 (28.5)
	46
	-14.8 (33.1)
	
	38
	-14.5 (35.8)
	

	Overall work impairment (%)
	44.2 (30.1)
	42
	-16.2 (30.2)
	
	35
	-14.5 (34.4)
	

	Activity impairment (%)
	46.0 (31.9)
	83
	-16.9 (29.8)
	
	64
	-16.7 (33.6)
	

	VOLP
	
	
	
	
	
	
	

	Any paid work productivity loss in the past x months (%)
	45 (76.3)
	58
	-5 (-4.6)
	
	47
	-17 (-16.7)
	

	Paid work productivity loss in the past x months (hours)
	98.5 (122.7)
	51
	13.5 (127.8)
	
	42
	-42.2 (115.7)
	

	Any unpaid work productivity loss in the past 7 d (%)
	20 (29.0)
	61
	-8 (-9.3)
	
	48
	-7 (-1.9)
	

	Unpaid work productivity loss in the past 7 d (hours)
	3.9 (11.6)
	61
	-3.4 (12.4)
	
	48
	-1.9 (14.8)
	

	Any costs of lost productivity in the past x month (%)
	47 (79.7)
	58
	-5 (-7.3)
	
	47
	-15 (-11.6)
	

	Total costs of lost productivity in the past x months ($)
	6075.8 (8890.9)
	51
	-1328 (5594.9)
	
	42
	-1998 (7299.7)
	


1Due to health. 
EQ-5D-5L: EuroQol 5-Dimensions, 5 Levels; CI: Confidence interval; FACIT-F: Functional Assessment Chronic Illness Therapy-Fatigue; MOS: Medical Outcomes Study; PRO: Patient-reported outcome; SIBDQ: Short Quality of Life in Inflammatory Bowel Disease Questionnaire.

Table 5 Overview of adverse events–safety population
	
	Events (n = 55)
	Patients (n = 98)

	All AEs
	55
	18 (18.4%)

	Severe AEs
	10 (18.2%)
	5 (5.1%)

	AEs related to study drug
	17 (30.9%)
	12 (12.2%)

	Mild
	5 (29.4%)
	4 (4.1%)

	Moderate
	6 (35.3%)
	6 (6.1%)

	Severe
	4 (23.5%)
	2 (2.0%)

	Not provided
	2 (11.8%)
	2 (2.0%)

	Serious AEs
	27 (49.1%)
	7 (7.1%)

	Number of patients with AEs
	
	

	Resulting in hospitalization
	
	6 (6.1%)

	Resulting in study drug discontinuation
	
	15 (15.3%)

	Malignancy in patients ≤ 30 yr
	0
	0

	Death
	0
	0


Percentages of patients were calculated based on the total number of patients. Percentages of events were based on the total number of events.
AE: Adverse event.
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