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Dose de-escalation to adalimumab 40 mg every three weeks in patients with inflammatory bowel disease-A multicenter, retrospective, observational study
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INTRODUCTION

Inflammatory bowel disease (IBD) is a global disease with a high disease burden. [START_REF] Ng | Worldwide incidence and prevalence of inflammatory bowel disease in the 21st century: a systematic review of population-based studies[END_REF] Both Crohn's disease (CD) and ulcerative colitis (UC) have a chronic, relapsing character. [START_REF] Torres | Crohn's disease[END_REF][START_REF] Ungaro | Ulcerative colitis[END_REF] Despite the rapidly growing therapeutic armamentarium, tumor necrosis factor antagonists (anti-TNFs) remain the cornerstone in the treatment of IBD. [START_REF] Pouillon | Considerations, challenges and future of anti-TNF therapy in treating inflammatory bowel disease[END_REF] Adalimumab, a subcutaneous administered, fully human anti-TNF agent, has shown to induce and maintain clinical response, clinical remission and mucosal healing in both CD [START_REF] Hanauer | Human anti-tumor necrosis factor monoclonal antibody (adalimumab) in Crohn's disease: the CLASSIC-I trial[END_REF][START_REF] Sandborn | Adalimumab for maintenance treatment of Crohn's disease: results of the CLASSIC II trial[END_REF][START_REF] Colombel | Adalimumab for maintenance of clinical response and remission in patients with Crohn's disease: the CHARM trial[END_REF][START_REF] Rutgeerts | Adalimumab induces and maintains mucosal healing in patients with Crohn's disease: data from the EXTEND trial[END_REF] and UC. [START_REF] Reinisch | Adalimumab for induction of clinical remission in moderately to severely active ulcerative colitis: results of a randomised controlled trial[END_REF][START_REF] Sandborn | Adalimumab induces and maintains clinical remission in patients with moderate-to-severe ulcerative colitis[END_REF][START_REF] Colombel | Four-year maintenance treatment with adalimumab in patients with moderately to severely active ulcerative colitis: Data from ULTRA 1, 2, and 3[END_REF] The conventional adalimumab induction scheme is 160 mg at week zero, and 80 mg at week two, followed by a maintenance therapy with adalimumab 40 mg every other week. [START_REF] Pouillon | Considerations, challenges and future of anti-TNF therapy in treating inflammatory bowel disease[END_REF] Dose de-escalation of therapy is of interest because (i) it might reduce health care costs, which remain an important pharmacoeconomic issue even in the current era of biosimilars, and (ii) it could prevent adverse events linked to anti-TNF therapy, such as infections and malignancy. [START_REF] Pariente | Review article: why, when and how to de-escalate therapy in inflammatory bowel diseases[END_REF] Also, paradoxical immune-mediated inflammation can lead to arthralgia and dermatologic manifestations, [START_REF] Fiorino | Paradoxical immune-mediated inflammation in inflammatory bowel disease patients receiving anti-TNF-α agents[END_REF] the latter reported in up to one fifth of IBD patients treated with anti-TNF therapy. [START_REF] Fréling | Cumulative Incidence of, Risk Factors for, and Outcome of Dermatological Complications of Anti-TNF Therapy in Inflammatory Bowel Disease: A 14-Year Experience[END_REF][START_REF] Cleynen | Characteristics of Skin Lesions Associated With Anti-Tumor Necrosis Factor Therapy in Patients With Inflammatory Bowel Disease: A Cohort Study[END_REF] While encouraging results coming from the field of rheumatology exist, [START_REF] Den Broeder | Dose REduction strategy of subcutaneous TNF inhibitors in rheumatoid arthritis: design of a pragmatic randomised non inferiority trial, the DRESS study[END_REF][START_REF] Kievit | Disease activity-guided dose optimisation of adalimumab and etanercept is a cost-effective strategy compared with non-tapering tight control rheumatoid arthritis care: analyses of the DRESS study[END_REF][18][START_REF] Závada | A tailored approach to reduce dose of anti-TNF drugs may be equally effective, but substantially less costly than standard dosing in patients with ankylosing spondylitis over 1 year: a propensity score-matched cohort study[END_REF] data about the outcomes after dose de-escalation of adalimumab in patients with IBD are scarce. In the majority of IBD patients who previously had to dose-escalate adalimumab to 40 mg every week, dose de-escalation of therapy has been shown possible. [START_REF] Baert | Adalimumab dose escalation and dose deescalation success rate and predictors in a large national cohort of Crohn's patients[END_REF][START_REF] Van De Vondel | Incidence and Predictors of Success of Adalimumab Dose Escalation and De-escalation in Ulcerative Colitis: a Real-World Belgian Cohort Study[END_REF] A recent, retrospective study with a median follow-up time of 24 months showed that 65% of CD patients who deescalated to adalimumab 40 mg every three weeks remained in clinical remission. [START_REF] Van Steenbergen | Dose de-escalation to adalimumab 40 mg every 3 weeks in patients with Crohn's disease -a nested case-control study[END_REF] This study was limited by a single-center design and did not include patients with UC. Further more, imaging and endoscopy data before adalimumab dose de-escalation were mainly lacking, however there is a strong dissociation between symptoms and intestinal inflammation in CD, [START_REF] Peyrin-Biroulet | Clinical disease activity, Creactive protein normalisation and mucosal healing in Crohn's disease in the SONIC trial[END_REF] and lessons from the STORI trial underlined the need for objective disease activity assessment before de-escalating therapy. [START_REF] Louis | Maintenance of remission among patients with Crohn's disease on antimetabolite therapy after infliximab therapy is stopped[END_REF] Hence, the objectives of our study were to assess the outcomes after adalimumab dose de-escalation in a multicenter cohort of IBD patients, and to identify potential predictors associated with failure of adalimumab dose de-escalation.

METHODS

Design and Patient Selection

All GETAID (Groupe d'Etude Thérapeutique des Affections Inflammatoires du Tube Digestive) centers were invited to participate in this retrospective, observational study.

Eventually, patients were selected in seven French referral IBD centers (Nancy, Besançon, Montpellier, Lille, Amiens, Créteil, Lyon). All adult patients with CD or UC who had undergone adalimumab dose de-escalation from 40 mg every other week to 40 mg every three weeks, between June 2011 and September 2017, were eligible for inclusion. Only patients during maintenance therapy, and in clinical remission as judged by the treating physician at the moment of adalimumab dose de-escalation, were selected. Patiens who had temporarily postponed adalimumab administration due to an infection or decreased compliance were excluded for analysis.

Study Outcomes and Definitions

The objectives of our study were to assess the outcomes after adalimumab dose de-escalation in a multicenter cohort of IBD patients, and to identify potential predictors associated with failure of adalimumab dose de-escalation.

Failure of adalimumab dose de-escalation was defined as (i) the need for treatment reescalation, by increasing adalimumab dosing frequency back to 40 mg every other week, and/or adding an immunomodulator to the treatment with adalimumab, (ii) discontinuation of adalimumab treatment because of insufficient response or inacceptable side effects of adalimumab, or (iii) clinical disease relapse (i.e. the presence of one or more of the following symptoms, if attributed to the IBD by the treating physician: abdominal pain, cramping, gastrointestinal bleeding, weight loss, and abnormal stool frequency), biochemical disease relapse (i.e. repeatedly elevated C-reactive protein (CRP) level ≥5 mg/L without other, non-IBD related explanation) and/or morphologic disease relapse (i.e. radiologic and/or endoscopic IBD activity as judged by an experienced radiologist or endoscopist, respectively).

Succesful adalimumab dose de-escalation was defined as the absence of failure of adalimumab dose de-escalation at the end of follow-up. Patients were followed up until (i) adalimumab treatment was stopped or (ii) last news.

Statistical Analysis

Categorical variables were described as percentages, and continuous variables as mean with standard deviation (SD) or median with interquartile range (IQR), depending on their distribution. For the comparative analysis of variables between groups, Chi-2 or Fisher's exact test was used for categorical variables and Student's or Wilcoxon test for continuous variables.

To identify factors associated with failure of adalimumab dose de-escalation, bivariate and multivariate Cox models (selection of candidate variables at the P<0.1 threshold) were used. The index date was the date of de-escalation of adalimumab. The association strength was estimated by hazard ratios (HRs) and their 95% confidence intervals (95% CIs).

The threshold for statistical significance was set at 5%. All statistical analyses were performed using SAS software (version 9.4, SAS Institute Inc., Cary, NC, USA).

RESULTS

Baseline Patient Characteristics

A total of 56 patients (46 CD, 10 UC) were included. Median (IQR) duration of follow-up for the overall study population was 15.9 (7.9-30.6) months, accounting for 100 person-years of follow-up. Baseline patients' and disease characteristics at the moment of adalimumab dose de-escalation are shown in Table 1. The median (IQR) time of treatment with adalimumab at the moment of adalimumab dose de-escalation was 36 (19-51) months.

All patients were in clinical remission at the time of adalimumab dose de-escalation.

Twenty-five of 28 (89.3%) of patients with available CRP levels were in biochemical remission (i.e. CRP level < 5 mg/L). There were 39/56 (69.6%) patients who had undergone morphologic assessment of disease activity in the year before adalimumab dose de-escalation: 14 patient had undergone magnetic resonance imaging (MRI), 18 patients had undergone endoscopy and 7 patients had undergone both. Six of 39 (15.4%) patients had active disease at this assessment. In 25/56 (44.6%) patients both biochemical and morphologic data at the moment of adalimumab dose de-escalation were available, and 18 (72%) of those patients were in deep remission (i.e. clinical remission according to the treating physician, and CRP < 5 mg/L, and absence of active disease at MRI and/or endoscopy).

In 54/56 (96%) patients the final decision to de-escalate therapy was initiated by the treating physician, and in 2/56 (4%) patients the final decision to de-escalate therapy was initiated by the patient.

Retention Rates

At the end of follow-up, 24 of 46 (52.2%) CD patients and 4 of 10 (40%) UC patients were no longer on adalimumab 40 mg every three weeks regimen. Hence, the crude retention rates were 47.8% for CD, and 60% for UC, respectively (P=0.49).

Outcomes After Adalimumab Dose De-escalation

As shown in Figure 1, adalimumab dose de-escalation was a failure in 21 of 56 (37.5%) patients and successful in 35 of 56 (62.5%) patients. Median (IQR) time until failure of adalimumab dose de-escalation was 8.9 (4.6-15.6) months (Figure 2).

In the subgroup of 21 patients with failure of adalimumab dose de-escalation, 18 (85.7%) patients had undergone treatment re-escalation, because of insufficient clinical, biochemical and/or morphologic disease control. In 17 patients adalimumab dosing frequency was increased back to 40 mg every other week, and in one patient an immunomodulator was added to adalimumab therapy. Only one of 18 patients eventually had to stop adalimumab three months later, while 17 of 18 patients were still under adalimumab therapy at the end of follow-up.

One of 21 (4.8%) patients with failure of adalimumab dose de-escalation stopped adalimumab because of inacceptable dermatologic side effects. Two of 21 (9.5%) patients continued adalimumab 40 mg every three weeks regimen until the end of follow-up, but suffered from a markedly biochemical (n=1) or endoscopic disease relapse (n=1), and were therefore considered as a failure of adalimumab dose de-escalation as well.

In the subgroup of 35 patients in which adalimumab dose de-escalation was successful, nine eventually stopped adalimumab treatment in the setting of deep remission, as judged by the treating physician, and based on clinical, biochemical and/or morphologic data.

One patient stopped adalimumab treatment because of pregnancy.

Factors Associated Failure of Adalimumab Dose De-escalation

At univariate analysis, a higher age at diagnosis (P=0.05) and inactive disease on MRI and/or endoscopy in the year before adalimumab dose de-escalation (P=0.03) were associated with a lower risk of failure of adalimumab dose de-escalation, the latter being the only one withheld after multivariate analysis (HR 0.2, 95% CI 0.1-0.8, P=0.02; Table 2).

DISCUSSION

Dose de-escalation of therapy is a potential strategy to reduce health care costs and minimize the risk of adverse events due to a treatment. In rheumatoid arthritis, The Dose Reduction Strategy of Subcutaneous TNF inhibitors (DRESS) trial has shown that dose-reduction or stopping adalimumab or etanercept was possible in two thirds of patients with a low disease activity. [START_REF] Den Broeder | Dose REduction strategy of subcutaneous TNF inhibitors in rheumatoid arthritis: design of a pragmatic randomised non inferiority trial, the DRESS study[END_REF] The DRESS trial was a non-inferiority study comparing a disease-activity guided dose optimization with tight control monitoring without tapering, and had major disease flaring as primary outcome. Disease-activity guided dose optimization led to considerable cost savings, while no relevant loss of quality of life was observed. [START_REF] Kievit | Disease activity-guided dose optimisation of adalimumab and etanercept is a cost-effective strategy compared with non-tapering tight control rheumatoid arthritis care: analyses of the DRESS study[END_REF] Our study adds to the scarce existing data on adalimumab dose de-escalation to 40 mg every three weeks in IBD. To the best of our knowledge, we are the first to report outcomes after adalimumab dose de-escalation in a real-life IBD cohort comprising also UC patients, and this in a study with a multicenter design. In contrast to a previous study, [START_REF] Van Steenbergen | Dose de-escalation to adalimumab 40 mg every 3 weeks in patients with Crohn's disease -a nested case-control study[END_REF] data about objective disease activity (MRI and/or endoscopy) before adalimumab dose de-escalation were available in the majority of patients.

After a median follow-up time of 16 months, adalimumab dose de-escalation had failed in little more than one third of patients, meaning that around two thirds did not perceive any disadvantage of reduced adalimumab dosing. The median time to failure of adalimumab dose de-escalation was nine months. IBD type did not influence outcomes (data not shown).

Our results are in line with previous data reported by the Leuven group. [START_REF] Van Steenbergen | Dose de-escalation to adalimumab 40 mg every 3 weeks in patients with Crohn's disease -a nested case-control study[END_REF] In their cohort of 40 CD patients, 12 (30%) patients developed a clinical relapse after a median (IQR) time of 6.9 (2.8-14.5) months. During a median follow-up of two years, 14 of 40 (35%) patients needed dose escalation back to 40 mg every other week. [START_REF] Van Steenbergen | Dose de-escalation to adalimumab 40 mg every 3 weeks in patients with Crohn's disease -a nested case-control study[END_REF] The annual risk of treatment failure in adalimumab-treated IBD patients is approximately 20%. [START_REF] Billioud | Loss of response and need for adalimumab dose intensification in Crohn's disease: a systematic review[END_REF] We could not compare outcomes of patients on a de-intensified adalimumab dosing regimen with patients on continued standard dosing of adalimumab, due to the lack of a control group. The previous cited work of Van Steenbergen et al. did include a sex-and age-matched control cohort, but this approach has several limitations. [START_REF] Van Steenbergen | Dose de-escalation to adalimumab 40 mg every 3 weeks in patients with Crohn's disease -a nested case-control study[END_REF] More data are available in the field of rheumatology. [18,[START_REF] Závada | A tailored approach to reduce dose of anti-TNF drugs may be equally effective, but substantially less costly than standard dosing in patients with ankylosing spondylitis over 1 year: a propensity score-matched cohort study[END_REF] No difference in disease control was noted in a retrospective trial comparing outcomes between patients (n=117) with ankylosing spondylitis on a standard regimen of anti-TNF treatment vs. patients on a tapering strategy.[18] These findings were confirmed in a large Czech study. [START_REF] Závada | A tailored approach to reduce dose of anti-TNF drugs may be equally effective, but substantially less costly than standard dosing in patients with ankylosing spondylitis over 1 year: a propensity score-matched cohort study[END_REF] On the contrary, a French trial comprising 136 patients with rheumatoid arthritis showed more disease relapse in patients on a de-intensified anti-TNF dosing regimen, compared with patients on a standard dosing scheme. [START_REF] Fautrel | Step-down strategy of spacing TNF-blocker injections for established rheumatoid arthritis in remission: results of the multicentre non-inferiority randomised open-label controlled trial (STRASS: Spacing of TNFblocker injections in Rheumatoid ArthritiS Study)[END_REF] Only a prospective, randomized-controlled trial can truly assess differences in outcomes between different adalimumab treatment regimens in IBD patients.

Whether higher dosing of adalimumab leads to more adalimumab-related side effects, remains unclear. In a single-centre study comprising 583 patients, we previously reported an association between cutaneous infections and higher anti-TNF dosing. [START_REF] Fréling | Cumulative Incidence of, Risk Factors for, and Outcome of Dermatological Complications of Anti-TNF Therapy in Inflammatory Bowel Disease: A 14-Year Experience[END_REF] In contrast, crosssectional findings showed similar serum levels in patients with and without anti-TNF associated skin lesions. [START_REF] Cleynen | Characteristics of Skin Lesions Associated With Anti-Tumor Necrosis Factor Therapy in Patients With Inflammatory Bowel Disease: A Cohort Study[END_REF][START_REF] Brandse | Serum Concentration of Anti-TNF Antibodies, Adverse Effects and Quality of Life in Patients with Inflammatory Bowel Disease in Remission on Maintenance Treatment[END_REF][START_REF] Coutzac | Association Between Infliximab Trough Levels and the Occurrence of Paradoxical Manifestations in Patients with Inflammatory Bowel Disease: a Case-Control Study[END_REF] In the propensity score-matched cohort study of Zavada et al., the incidence of adverse events and infections did not significantly differ between patients on a standard versus those on a tapered anti-TNF dosing regimen. [START_REF] Závada | A tailored approach to reduce dose of anti-TNF drugs may be equally effective, but substantially less costly than standard dosing in patients with ankylosing spondylitis over 1 year: a propensity score-matched cohort study[END_REF] In our cohort, dermatologic adverse events linked to adalimumab therapy disappeared in 4 out of 7 (57.1%) patients after dose de-escalation to 40 mg every three weeks (data not shown). We could not explore the link with adalimumab drug levels since these were only available in 8 of 56 (14.2%) patients at baseline. In the Leuven cohort, adalimumab dose de-escalation was associated with a complete disappearance of adverse events in 17 of 32 (53%) patients; skin manifestations disappeared in 8 of 16 (50%) patients. [START_REF] Van Steenbergen | Dose de-escalation to adalimumab 40 mg every 3 weeks in patients with Crohn's disease -a nested case-control study[END_REF] Serum levels at baseline were not predictive of disappearance of adverse events. [START_REF] Van Steenbergen | Dose de-escalation to adalimumab 40 mg every 3 weeks in patients with Crohn's disease -a nested case-control study[END_REF] Data from an ongoing trial comparing two drug regimens of adalimumab in patients with moderately-to-severe UC, [START_REF]Study to Evaluate the Safety and Efficacy of Two Drug Regimens in Subjects With Moderate to Severe Ulcerative Colitis[END_REF] and from the prospective iCARE study, [30] might further elucidate the relationship between dosing and tolerability and safety of adalimumab.

At multivariate analysis, inactive disease on MRI and/or endoscopy in the year before adalimumab dose de-escalation decreased the risk of failure of adalimumab dose de-escalation with a factor five. This result adds to the accumulating evidence for objective assessment of disease activity prior to therapy de-escalation or therapy cessation in IBD. Van Steenbergen et al. reported a CRP level < 3.5 mg/L at dose de-escalation as the only independent factor associated with dose-escalation-free survival, but did not have enough imaging or endoscopy markers available for analysis. [START_REF] Van Steenbergen | Dose de-escalation to adalimumab 40 mg every 3 weeks in patients with Crohn's disease -a nested case-control study[END_REF] In a prospective trial evaluating IBD course after anti-TNF withdrawal in patients receiving combination therapy with an immunomodulator, CRP levels ≥ 5 mg/L and fecal calprotectine levels ≥ 300 µg/L were associated with an increased risk of disease relapse. [START_REF] Louis | Maintenance of remission among patients with Crohn's disease on antimetabolite therapy after infliximab therapy is stopped[END_REF] A meta-analysis found that relapse rates after cessation of an anti-TNF agent in CD decreased by half in patients with endoscopic remission before anti-TNF discontinuation, compared with those without endoscopic remission. [START_REF] Gisbert | The Risk of Relapse after Anti-TNF Discontinuation in Inflammatory Bowel Disease: Systematic Review and Meta-Analysis[END_REF] Our study had several limitations. It was retrospective, and the sample size was relatively small. We used a clear definition for failure of adalimumab dose de-escalation, based on clinical, biochemical and morphologic criteria, however no validated scores were utilized. There was no systematic assessment of objective disease parameters (e.g. fecal calprotectine levels, CRP levels, endoscopy or MRI) at a fixed moment during follow-up. Also, MRIs and/or endoscopies before adalimumab dose de-escalation were not centrallyread. Further more, data about adalimumab drug levels before dose de-escalation were only available in a minority (<15%) of patients, however therapeutic drug monitoring could probably help us in daily clinical practice to identify possible candidates for dose deescalation. For example, one could assume that in patients in remission despite low (or even absent) trough levels, dose de-escalation or treatment cessation is unlikely to provoke disease relapse. Nevertheless, in the Leuven cohort, no minimal adalimumab serum level to consider or maintain dose de-escalation could be withheld. [START_REF] Van Steenbergen | Dose de-escalation to adalimumab 40 mg every 3 weeks in patients with Crohn's disease -a nested case-control study[END_REF] In conclusion, this retrospective, multicenter trial showed that adalimumab dose deescalation from 40 mg every other week to 40 mg every three weeks was possible in almost two thirds of IBD patients. Inactive disease on MRI and/or endoscopy in the year before adalimumab dose de-escalation was associated with significant lower failure rates of adalimumab dose de-escalation, and this supports the need for objective assessment of disease remission before tapering treatment with anti-TNF agents in IBD. Prospective trials are needed to further elaborate the relationship between different adalimumab dosing regimens, and effectiveness, tolerability, and safety outcomes of therapy. 
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 1 Figure 1. Flow chart of outcomes after adalimumab dose de-escalation
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 2 Figure 2. Kaplan-meier curve of the failure-free survival after adalimumab dose de-escalation

  

Table 1 .

 1 Baseline patients' and disease characteristics at the moment of adalimumab dose de-

	escalation				
	Characteristic	Total (n=56) CD (n=46)	UC (n=10)	P-value
	Male, n (%)	25 (44.6)	21 (45.7)	4 (40)	1
	Age at diagnosis, y, median (IQR)	25 (19-33)	24.5 (19-29)	40 (21-46)	0.21
	Disease location (CD), n (%)*				
	Ileal (L1)	-			

(18.2)