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Abstract

:

Background: The long-term use of anti-TNF-α agents can lead to adverse effects, such as infections and immune-mediated cutaneous reactions. Whether de-escalation by dose reduction or interval lengthening reduces these adverse effects is uncertain. This systematic review aims to compare the incidence of infections and skin manifestations after anti-TNF-α dose de-escalation with standard dosing. Methods: MEDLINE, EMBASE, and the Cochrane Central Register of Controlled Trials were searched from inception to 14 January 2022. Randomized controlled trials (RCTs) and observational studies comparing anti-TNF-α de-escalation strategies with standard dosing among patients with inflammatory conditions, that report on infections, skin manifestations, or both, were included. The risk of bias was assessed with the revised Cochrane risk-of bias tool (RCTs) or the Newcastle–Ottawa scale (non-RCTs). Results: Fourteen RCTs and six observational studies (or 2706 patients) were included. Eight RCTs had low risk of bias or some concerns. Four non-RCTs were of good methodological quality. The studies described patients with axial spondyloarthritis (8 studies, 780 patients), rheumatoid arthritis (7 studies, 1458 patients), psoriasis (3 studies, 332 patients), or inflammatory bowel disease (2 studies, 136 patients). De-escalation strategies included interval lengthening (12 studies, 1317 patients), dose reduction (6 studies, 1130 patients), or both (2 studies, 259 patients). Overall, the occurrence of infections and skin manifestations did not differ between standard treatment and de-escalation. The disappearance of infections or skin manifestations after de-escalation was only reported in two studies. The majority of studies focused on etanercept and adalimumab. Heterogeneity in reporting of infections and skin manifestations precluded meta-analysis. Conclusion: We found that anti-TNF-α de-escalation does not reduce infections or skin reactions. A de-escalation strategy should not be recommended for the sole purpose of reducing drug-related adverse effects. The meticulous documentation of adverse effects is recommended to further address this question. Registration: PROSPERO CRD42021252977.
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1. Introduction


Anti-tumor necrosis factor alpha (TNF-α) agents are used in a variety of inflammatory diseases, including inflammatory bowel diseases (IBD), rheumatic diseases (rheumatoid arthritis (RA) and axial spondyloarthritis), and psoriasis [1]. Antibodies targeting TNF-α inactivate the proinflammatory effect by direct neutralization. As a result, the TNF-α-dependent cytokine cascade is interrupted, which leads to the downregulation of inflammatory pathways. Adalimumab, infliximab, certolizumab pegol, golimumab, and etanercept all target the same epitope and are successfully used in the treatment of one or more of the above-mentioned inflammatory disorders [1,2].



Because of the effectiveness of anti-TNF-α agents, patient outcomes have greatly improved, and sustained remission has become a realistic treatment target [3,4,5,6,7]. The downside of long-term exposure to anti-TNF-α agents is its association with adverse effects, such as immune-mediated cutaneous reactions and susceptibility to infections.



In a recent meta-analysis including patients with IBD treated with anti-TNF-α agents, the pooled incidence of any dermatological reaction was 19% (95% confidence interval (CI) 15–24), with psoriasis or psoriasiform rash being the most common [8]. The pathophysiology of this paradoxical adverse effect is not completely clear; however, a local increase in interferon alpha (because its release is no longer inhibited by TNF-α) and genetic predisposition may play a role [9]. Other associated dermatological adverse effects include injection/infusion site reactions (caused by allergic hypersensitivity reactions and/or local trauma), eczema (possibly caused by an imbalance in the type 1 and 2 helper T cell response), and skin infections [8,9,10,11,12]. In a meta-analysis focusing on patients with RA, psoriatic arthritis, and ankylosing spondylitis, 30.8% of the anti-TNF-α users had at least one infection during follow-up. Compared to non-exposed patients, the odds ratio for any infectious adverse event was 1.20 (95% CI 1.10–1.30) [13]. Additionally, patients exposed to anti-TNF-α agents tend to require intravenous antibiotics or hospitalization and are at greater risk of developing tuberculosis [11,13,14,15].



The occurrence of adverse effects, along with high costs, frequent hospital visits, and injections, justify anti-TNF-α de-escalation studies. Dose de-escalation can be achieved by either reducing the dose of individual administrations or by lengthening the interval between drug administrations. The majority of de-escalation studies have been performed in patients with RA and axial spondyloarthritis. Multiple systematic reviews and meta-analyses of de-escalation studies demonstrated little or no increase in disease activity compared with standard dosing [16,17,18,19,20]. A Cochrane meta-analysis, including 3315 participants in total, showed that there was no loss of clinical response in about 80% of recent onset RA patients within the first year after dose reduction in etanercept. Additionally, anti-TNF-α dose reduction did not affect a proportion of patients in sustained remission (risk ratio 1.01, 95% CI 0.80–1.28) [16].



It is unknown whether dose de-escalation reduces adverse effects. We carried out a systematic review to evaluate the incidence of infections and skin manifestations after anti-TNF-α de-escalation, irrespective of underlying inflammatory conditions. The outcomes of interest included the disappearance or reduction in infections and skin manifestations, as well as the rate of occurrence of new infections and skin manifestations.




2. Methods


The current systematic review was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement and checklist [21,22]. This systematic review was included in the control group of the GoodReports randomized trial (GRReaT) [23]. The GRReaT team anonymously and independently assessedthe manuscript for completeness by reporting against the PRISMA checklist. Their feedback was incorporated in the manuscript before submission for publication. The completed PRISMA checklist can be found in Table S1.



2.1. Data Sources and Searches


We searched MEDLINE (through PubMed), EMBASE, and the Cochrane Library from inception to 14 January 2022. The search strategies were developed in collaboration with a medical information specialist and consisted of a Boolean association of keywords, combining keywords for anti-TNF-α agents and de-escalation. The search strategies for each of the electronic databases are shown in Table S2. All searches were carried out on 14 January 2022. No language restrictions were applied. In addition, we hand-searched references of relevant publications to identify any additional studies that were missed in the database searches.




2.2. Study Selection


To be included in this systematic review, studies had to be full-text articles based on randomized controlled trials (RCTs) or observational cohort or case–control studies involving patients treated with standard-dosed anti-TNF-α agents (adalimumab, infliximab, certolizumab pegol, golimumab, or etanercept), undergoing anti-TNF-α de-escalation (dose reduction or interval lengthening), and had to contain information about the rate of disappearance and/or reduction in infections and/or skin manifestations, as well as the rate of occurrence of new infections and/or skin manifestations. With the inclusion of patients, regardless of their underlying inflammatory condition, we expected to identify a sufficient number of studies to reach an acceptably high level of evidence. Studies in which de-escalation resulted in discontinuation without separate information about adverse effects during the de-escalation phase were excluded. Case reports, case series, and studies with a cross-sectional design were also excluded.



The search results were imported into EndNote (version 20, Clarivate, Philadelphia, PA, USA) for de-duplication [24], and subsequently imported into Rayyan, an online tool used for systematic reviews [25]. Two reviewers (M.B. and P.F.v.R.) independently reviewed titles and abstracts for eligibility. In case eligibility was unclear based on the title and abstract, the record was included for full-text assessment. Disagreements were solved by referral to a third reviewer (W.S.L.). Next, full-text articles were screened independently by the same two reviewers. Again, disagreements were solved by referral to the third reviewer. The study selection process was summarized in a flow diagram.




2.3. Data Extraction and Quality Assessment


Data were extracted by one reviewer (M.B.) and confirmed by another reviewer (P.F.v.R.). The following characteristics were extracted from each selected study: the first author, the year of publication, the report title, the name of the study, the corresponding author’s contact information, the country of origin, the publication type, the study design, the in- and exclusion criteria, the allocation method, anti-TNF-α dosing (standard dosing and de-escalation method), the start date, the end date, the duration of participation, the sample size, baseline imbalances, withdrawals and exclusions, the patient characteristics at baseline (age, sex, diagnosis, anti-TNF-α agent(s) used, co-treatment), incidence/prevalence and/or disappearance/reduction in infections and/or skin manifestation at baseline and at each reported time point, as well as the type and severity of the adverse reactions. Missing data were requested from the study authors via email. Missing and unobtainable data were presented as ‘not provided’ and were not included in the syntheses.



The risk of bias for the outcome of interest of RCTs was assessed with the revised Cochrane risk-of bias tool (RoB 2) in Microsoft Excel (version 2016, Microsoft Corporation, Redmond, WA, USA) [26]. The risk of bias was scored by two reviewers (M.B. and P.F.v.R.) as ‘low’, ‘some concerns’, or ‘high’ for each domain individually and overall. These results were displayed in a figure. The risk of bias of non-RCTs was assessed with the Newcastle–Ottawa quality assessment scale (NOS), converted to the Agency for Healthcare Research and Quality standards (‘good’, ‘fair’, or ‘poor’), and displayed in a table [27,28].




2.4. Data Analysis and Synthesis of Results


The occurrence of infections and skin manifestations was presented as the proportion of patients with at least one event for the standard treatment and the de-escalation group for each study individually. 95% CIs were calculated for these proportions using the Wilson method. Difference in these proportions were considered to be statistically significant if there was no overlap in the 95% confidence intervals of the two groups or if the p-value, if provided, was below 0.05. A relative difference of ≥25% was considered numerically different. The narrative syntheses were grouped by adverse event type. Results were summarized narratively and characteristics, and main results of included studies were presented in a table.





3. Results


In total, 2280 articles were identified, 128 of which were retrieved for full-text review. Of these, 108 were excluded as they did not report the outcome of interest (Figure 1). Table 1 lists the characteristics of 20 studies that compared any form of anti-TNF-α dose de-escalation with standard dosing [29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48]. Of these, 14 were RCTs (2197 patients; eight trials with low risk of bias or some concerns, as shown in Figure 2) [29,30,31,32,33,34,35,36,37,38,39,40,41]. Four of six non-RCTs (509 patients) were of good methodological quality (Table 2) [43,44,45,46,47,48].



Eight studies reported on axial spondyloarthritis (including ankylosing spondylitis) (780 patients) [31,33,35,38,39,40,42,43,44,45], seven reported on rheumatoid arthritis (1458 patients) [30,32,34,36,37,41], three reported on psoriasis (332 patients) [29,39,47], and two reported on inflammatory bowel disease (136 patients) [46,48].



Etanercept, which is usually administered subcutaneously once or twice a week, was evaluated in 14 studies [29,30,31,32,33,34,35,37,38,39,42,43,44,45]. Adalimumab, normally administered subcutaneously every other week, was evaluated in eight studies [37,38,39,41,44,46,47,48]. Certolizumab, which is usually administered subcutaneously every other week until remission and then every four weeks, was evaluated in two studies [36,40]. The intravenous administration of infliximab, which is usually carried out with three induction doses over 6 weeks (weeks 0–2–6), followed by maintenance therapy every 8 weeks, was evaluated in two studies [38,44]. Golimumab, commonly administered subcutaneously every four weeks, was evaluated in one study [38]. In Table S3, the standard regimen and the dose de-escalation strategy for each study are described in detail.



3.1. Occurrence of New Infections


Seventeen of twenty articles reported on the occurrence of new infections during the study observation period [29,30,31,32,33,34,35,36,38,39,40,41,42,43,44,45,47,49].



3.1.1. Any Infection


Eleven studies reported the occurrence of any infection [32,33,34,36,38,39,41,42,43,44,47]. There was no unequivocal evidence in favor of either de-escalation or standard therapy.



The RCT by Raffeiner et al., which included 323 patients with RA, reported a higher incidence rate in the standard treatment group, as compared to the de-escalated group (17.2 per 100 person years (PYs) versus 10.4 per 100 PYs, respectively; p < 0.001) [34]. The risk of bias of this study was high due to missing data and a lack of information about the method of data collection.



Two studies reported numerically fewer new infections in de-escalated patients (defined as a relative group difference ≥25%); however, this difference did not reach statistical significance. The REDES-TNF trial reported an incidence of 30.6% (95% CI 20.6–43.0) in patients on standard treatment and 18.0% (95% CI 10.4–29.5 vs. 30.6%) in de-escalated patients [38]. The cohort study by Závada et al. reported an incidence of 10.8% (95% CI 5.8–19.3) in patients on standard treatment and 7.5% (95% CI 3.0–17.9) in de-escalated patients [44].



In contrast with the former two studies, the ANSWERS trial, a small RCT with a high risk of bias, reported numerically more infections in de-escalated patients (43.5%, 95% CI 25.6–63.2 vs. 33.3%, 95% CI 17.9–53.3, requested data) [33].



Five other studies reported no differences in the occurrence of new infections between standard treatment and de-escalation (i.e., relative difference <25%) [36,39,41,42,43,47]. Among them was one RCT with a low risk of bias (C-EARLY-2). In this study, a lengthened certolizumab pegol interval (200 mg every 4 weeks, n = 127) was compared to standard treatment (200 mg every 2 weeks, n = 83) in patients with RA and sustained low disease activity. After 52 weeks of follow-up, 38.6% (95% CI 30.6–47.3) of the patients in the de-escalated group had at least one infection compared to 31.3% (95% CI 22.4–41.9) in the standard treatment group [36].




3.1.2. Serious Infections


Eight studies reported the occurrence of serious or severe infections [30,32,34,35,36,41,42,45]; however, a clear definition was only given in two [30,34]. In six of these studies, no or few patients developed a serious infection, and there was no difference in the incidence rates between patients on standard treatment and de-escalated patients [32,35,36,41,42,45]. The PRESERVE study found higher incidences of treatment-emergent serious infections in the standard treatment group compared to the de-escalation group (1.5%, 95% CI 0.5–4.3 vs. 0.0%, 95% CI 0.0–1.9); however, this was not statistically significant [30]. On the contrary, the RCT by Raffeiner et al. found more severe infections in the de-escalation group (incidence rate 0.67 vs. 0.23 per 100 person years); however, this was also not significant [34].




3.1.3. Specific Infections


Five studies reported on specific infections, including upper respiratory tract infections, flu, urinary tract infections, oral candidiasis, and tuberculosis [29,30,31,40,42,45]. None of the studies found significant differences between anti-TNF-α standard treatment and de-escalation. Neither was a difference in the type of infections reported between standard treatment and de-escalation. Most infections were mild and opportunistic infections were uncommon [29,30,31,32,38,39,43,45,47,49].





3.2. Disappearance of Infections


Only one article included information about the disappearance of infections after anti-TNF-α de-escalation. In this retrospective case–control study by van Steenbergen et al., frequent infectious symptoms disappeared in five out of seven (71.4%, 95% CI 26.2–69.0) IBD patients that underwent adalimumab interval lengthening from 40 mg every other week to every three weeks. In the standard treatment group, a disappearance occurred in none of the patients with frequent infectious symptoms at baseline (n = 5) [48].




3.3. Occurrence of New Skin Manifestations


Eleven articles included information about the occurrence of new skin manifestations after anti-TNF-α de-escalation [29,30,31,33,35,36,37,39,43,45,47]. No study described a difference in the type of skin manifestations between standard treatment and de-escalation.



3.3.1. Any Skin Manifestation


Five studies reported on the occurrence of any skin manifestation [33,36,37,39,47]. The C-EARLY-2 trial, an RCT with a low risk of bias (C-EARLY-2), found numerically higher incidences of skin manifestations in the standard treatment group compared to the de-escalation group (9.6%, 95% CI 5.0–17.9 vs. 7.1%, 95% CI 3.8–12.9); however, this difference was not statistically significant [36]. The CONDOR study, a somewhat smaller RCT, showed a similar trend with more skin manifestations in the standard treatment group (7.3%, 95% CI 2.5–19.4 vs. 5.1%, 95% CI 1.4–16.9) (requested data) [39]. During the open-label extension of this RCT, none of the patients with a lengthened interval had a new skin manifestation, compared to 12.5% in the standard treatment group (requested data) [47]. In the ANSWERS trial, patients that underwent an Etanercept dose reduction experienced more new skin manifestations than patients on standard treatment; however, this was not statistically significant, and the study had a high risk of bias [33]. In the OPTTIRA study that only reported the number of events instead of the number of incidences, a skin manifestation occurred 13 times in the standard treatment group (n = 19, no serious events) and 24 times in the de-escalated patient group (n = 44, two serious events) [37].




3.3.2. Injection Site Reactions


Injection site reactions were reported in six studies [29,31,33,35,43,45]. Four studies looked at the incidence of etanercept-related injection site reactions with and without a dose reduction [29,33,43,45]. Two of them reported significantly fewer injection site reactions in de-escalated patients. In the cohort study by Park et al., the incidence rate ratio was significantly smaller in de-escalated patients compared to patients on standard treatment (0.327, 95% CI 0.134–0.801, p = 0.014) [43]. The RCT by Papp et al. reported injection site reactions in 18.0% (95% CI 13.3–24.1) of the patients on standard treatment vs. 3.7% (95% CI 1.8–7.4) of the de-escalated patients [29]. However, we considered its 12-week follow-up (only 8 weeks after de-escalation) to be insufficient to draw meaningful conclusions.



Two studies reported numerically (but not significantly) fewer injection site reactions in de-escalated patients [31,45] and one study found no differences [33].



Surprisingly, the RCT by Li et al. reported more injection site reactions in patients that underwent interval lengthening (11.5% vs. 0.0%, not significant); however, in this study, follow-up after de-escalation also lasted for only 8 weeks [35].





3.4. Disappearance of Skin Manifestations


Two articles included information about the disappearance of skin manifestations after anti-TNF-α de-escalation. In the previously mentioned case–control study, de-escalation resulted in the disappearance of skin manifestations in 47.1% of the patients with skin manifestations at baseline. The disappearance of psoriasiform lesions was most common (two out of four, 50.0%), followed by xerosis cutis (three out of seven, 42.8%). No skin manifestations disappeared in the standard treatment group [48].



In a retrospective cohort study by Pouillon et al., skin manifestations linked to anti-TNF-α therapy disappeared in four out of seven patients (57.1%, 95% CI 25.1–84.2) after adalimumab interval lengthening [46]. However, based on the Newcastle–Ottawa scale, this study was of poor methodological quality, mainly because of the absence of a control group.





4. Discussion


In this systematic review, we summarize results from 20 anti-TNF-α de-escalation studies (14 RCTs and 6 non-RCTS) on the reduction in infections and skin manifestation. We considered two de-escalation strategies (dose reduction and interval lengthening) and included all underlying inflammatory conditions and all currently available anti-TNF-α agents.



After synthesizing the data, we conclude that anti-TNF-α de-escalation in patients treated according to the label does not reduce the occurrence of infections and skin manifestation compared to patients who continued standard dosing. However, the quality of evidence is low. It is unclear whether anti-TNF-α de-escalation improves existing infections and/or skin abnormalities.



There are multiple reasons why both patients and healthcare professionals may wish to de-escalate anti-TNF-α therapy once remission is achieved. These reasons include a reduction in the number of hospital visits, the number of needle pricks, and costs. A reduction in anti-TNF-α-associated adverse effects is also often mentioned as a reason; however, we cannot confirm the validity of this approach. We suggest not to de-escalate standard-dosed anti-TNF-α medication solely for this reason. This advice does not apply to patients treated with a shorter dosing interval, a higher dose than standard, or both.



Our findings are consistent with a meta-analysis performed by Vinson et al. They evaluated the incidence of serious infections and adverse events of specific interest in patients with RA or axial spondyloarthritis. Thirteen studies were included in the meta-analysis, seven of which were also included in our systematic review. The de-escalation of the biological disease-modifying anti-rheumatic drug (predominantly anti-TNF-α agents) the or the JAK inhibitor was not different from continuation of the initial regimen with respect to the incidence of serious infections (risk difference 0.01, 95% CI −0.00–0.02, p = 0.13, I2 = 0%). In contrast to our systematic review, Vinson et al. did not study dermatological adverse effects or non-serious infections [50].



Likewise, a Cochrane systematic review on the down-titration and discontinuation of anti-TNF-α agents in patients with RA also did not report on the occurrence of infections or skin manifestations. Based on five studies, four of which are also included in our systematic review, the authors concluded that de-escalation has little to no effect on serious adverse effects; however, the evidence was also very uncertain [16].



Although eight RCTs and four non-RCTs were of good overall methodological quality in our systematic review, measuring the outcome of interest was problematic. None of the studies defined adverse effects as their primary outcome. Instead, data about infections or skin manifestations were at best presented as part of the obligatory reporting of adverse events. As a consequence, most studies were not powered to detect potential differences in the occurrence of adverse events. Additionally, clear descriptions of the definitions and methods of measurement were lacking.



In most studies, the occurrence of new infections was expressed as incidences. This may have resulted in an underestimation of the effect of anti-TNF-α de-escalation on adverse effects. For instance, if a patient in the standard treatment group had 10 infections during follow-up and another patient in the de-escalation group had only 1, different incidences cannot be attained, whereas the use of event rates can provide a more reliable estimate.



We only included publications that reported on infections, skin manifestations, or both. Because of the obligatory reporting of adverse events, it is likely that these data were also available for de-escalation studies that did not provide this information in their publication. In fact, 106 studies were excluded during the full-text selection because they contained no or insufficient information about the adverse events of interest. This may have caused selection bias; however, obtaining these missing data from such a large number of publications is not feasible.



We included patients regardless of their underlying inflammatory condition and synthesized the data as if they were from one group. We anticipated to pool the data and perform subgroup analyses for each diagnosis and anti-TNF-α agent; however, due to limited data and heterogeneity, no valid results could be generated. Further research is necessary for better quality data on the possible beneficial effect of anti-TNF-α de-escalation on anti-TNF-α-associated adverse effects. This is of particular importance for patients with IBD and psoriasis and the anti-TNF-α infliximab, certolizumab, and golimumab agents, which were underrepresented in the current review. To better address the question whether de-escalation reduces adverse effects, future studies should scrupulously register the adverse effects of interest, by sending out questionnaires specifically designed for this purpose, for instance [51]. Another method to reduce exposure to anti-TNF-α agents and its associated adverse effects is the administration of this drug in cycles, with anti-TNF-α free periods in between. This concept is currently being investigated [52].



In conclusion, anti-TNF-α de-escalation does not seem to reduce infections or skin manifestations in patients on standard-dosed anti-TNF-α treatment; however, the available evidence is of low quality. We recommend against anti-TNF-α de-escalation for the sole purpose of putting an end to these adverse effects. Adequately powered studies with meticulous documentation of adverse effects are likely to increase the certainty of the evidence.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/biomedicines10051034/s1, Table S1: PRISMA 2020 checklist. Table S2: Search strategies. Table S3: Detailed description of standard treatment and de-escalation method used in the included studies.





Author Contributions


Conceptualization, M.B., W.S.L. and P.F.v.R.; methodology, M.B., W.S.L. and P.F.v.R.; literature search, M.B.; writing-original draft preparation, M.B.; writing-review and editing, M.B., W.S.L. and P.F.v.R. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


We thank Sjoukje van der Werf (information specialist, Central Medical Library, University Medical Centre Groningen) for her assistance in constructing the search strategy. We thank Selma Atalay, Delphine Bertrand, Max Yates, and Karl Gaffney for providing additional data.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Levy, R.A.; Guzman, R.; Castañeda-Hernández, G.; Martinez-Vazquez, M.; Damian, G.; Cara, C. Biology of anti-TNF agents in immune-mediated inflammatory diseases: Therapeutic implications. Immunotherapy 2016, 8, 1427–1436. [Google Scholar] [CrossRef]

	



Billmeier, U.; Dieterich, W.; Neurath, M.F.; Atreya, R. Molecular mechanism of action of anti-tumor necrosis factor antibodies in inflammatory bowel diseases. World J. Gastroenterol. 2016, 22, 9300–9313. [Google Scholar] [CrossRef]

	



van Rheenen, H.; van Rheenen, P.F. Long-Term Efficacy of Anti-Tumor Necrosis Factor Agents in Pediatric Luminal Crohn’s Disease: A Systematic Review of Real-World Evidence Studies. Pediatr. Gastroenterol. Hepatol. Nutr. 2020, 23, 121–131. [Google Scholar] [CrossRef]

	



Bressler, B.; Yarur, A.; Silverberg, M.S.; Bassel, M.; Bellaguarda, E.; Fourment, C.; Gatopoulou, A.; Karatzas, P.; Kopylov, U.; Michalopoulos, G.; et al. Vedolizumab and Anti-TNFα Real-World Outcomes in Biologic-Naïve Inflammatory Bowel Disease Patients: Results from the EVOLVE Study. J. Crohns Colitis 2021, 15, 1694–1706. [Google Scholar] [CrossRef]

	



Smolen, J.S.; Aletaha, D.; Bijlsma, J.W.J.; Breedveld, F.C.; Boumpas, D.; Burmester, G.; Combe, B.; Cutolo, M.; De Wit, M.; Dougados, M.; et al. Treating rheumatoid arthritis to target: Recommendations of an international task force. Ann. Rheum. Dis. 2010, 69, 631–637. [Google Scholar] [CrossRef]

	



Smolen, J.S.; Braun, J.; Dougados, M.; Emery, P.; FitzGerald, O.; Helliwell, P.; Kavanaugh, A.; Kvien, T.K.; Landewé, R.; Luger, T.; et al. Treating spondyloarthritis, including ankylosing spondylitis and psoriatic arthritis, to target: Recommendations of an international task force. Ann. Rheum. Dis. 2014, 73, 6–16. [Google Scholar] [CrossRef]

	



Thaçi, D.; Papp, K.; Marcoux, D.; Weibel, L.; Pinter, A.; Ghislain, P.D.; Landells, I.; Hoeger, P.H.; Unnebrink, K.; Seyger, M.M.B.; et al. Sustained long-term efficacy and safety of adalimumab in paediatric patients with severe chronic plaque psoriasis from a randomized, double-blind, phase III study. Br. J. Derm. 2019, 181, 1177–1189. [Google Scholar] [CrossRef]

	



Nigam, G.B.; Bhandare, A.P.; Antoniou, G.A.; Limdi, J.K. Systematic review and meta-analysis of dermatological reactions in patients with inflammatory bowel disease treated with anti-tumour necrosis factor therapy. Eur. J. Gastroenterol. Hepatol. 2021, 33, 346–357. [Google Scholar] [CrossRef]

	



Mocci, G.; Marzo, M.; Papa, A.; Armuzzi, A.; Guidi, L. Dermatological adverse reactions during anti-TNF treatments: Focus on inflammatory bowel disease. J. Crohns Colitis 2013, 7, 769–779. [Google Scholar] [CrossRef]

	



Nakamura, M.; Lee, K.; Singh, R.; Zhu, T.H.; Farahnik, B.; Abrouk, M.; Koo, J.; Bhutani, T. Eczema as an adverse effect of anti-TNFalpha therapy in psoriasis and other Th1-mediated diseases: A review. J. Dermatol. Treat. 2017, 28, 237–241. [Google Scholar] [CrossRef]

	



Shivaji, U.N.; Sharratt, C.L.; Thomas, T.; Smith, S.C.L.; Iacucci, M.; Moran, G.; Ghosh, S.; Bhala, N. Review article: Managing the adverse events caused by anti-TNF therapy in inflammatory bowel disease. Aliment. Pharm. 2019, 49, 664–680. [Google Scholar] [CrossRef]

	



Lee, H.-H.; Song, I.-H.; Friedrich, M.; Gauliard, A.; Detert, J.; Röwert, J.; Audring, H.; Kary, S.; Burmester, G.-R.; Sterry, W.; et al. Cutaneous side-effects in patients with rheumatic diseases during application of tumour necrosis factor-alpha antagonists. Br. J. Derm. 2007, 156, 486–491. [Google Scholar] [CrossRef]

	



Minozzi, S.; Bonovas, S.; Lytras, T.; Pecoraro, V.; González-Lorenzo, M.; Bastiampillai, A.J.; Gabrielli, E.M.; Lonati, A.C.; Moja, L.; Cinquini, M.; et al. Risk of infections using anti-TNF agents in rheumatoid arthritis, psoriatic arthritis, and ankylosing spondylitis: A systematic review and meta-analysis. Exp. Opin. Drug Saf. 2016, 15, 11–34. [Google Scholar] [CrossRef]

	



Shah, E.D.; Farida, J.P.; Siegel, C.A.; Chong, K.; Melmed, G.Y. Risk for Overall Infection with Anti-TNF and Anti-integrin Agents Used in IBD: A Systematic Review and Meta-analysis. Inflamm. Bowel Dis. 2017, 23, 570–577. [Google Scholar] [CrossRef]

	



van Dartel, S.A.; Fransen, J.; Kievit, W.; Flendrie, M.; Broeder, A.D.; Visser, H.; Hartkamp, A.; Laar, M.A.F.J.V.D.; van Riel, P.L. Difference in the risk of serious infections in patients with rheumatoid arthritis treated with adalimumab, infliximab and etanercept: Results from the Dutch Rheumatoid Arthritis Monitoring (DREAM) registry. Ann. Rheum. Dis. 2013, 72, 895–900. [Google Scholar] [CrossRef]

	



Verhoef, L.M.; Bemt, B.J.V.D.; van der Maas, A.; E Vriezekolk, J.; E Hulscher, M.; Hoogen, F.H.V.D.; Jacobs, W.C.; van Herwaarden, N.; Broeder, A.A.D. Down-titration and discontinuation strategies of tumour necrosis factor-blocking agents for rheumatoid arthritis in patients with low disease activity. Cochrane Database Syst. Rev. 2019, 5, Cd010455. [Google Scholar] [CrossRef]

	



Jiang, M.; Ren, F.; Zheng, Y.; Yan, R.; Huang, W.; Xia, N.; Luo, L.; Zhou, J.; Tang, L. Efficacy and safety of down-titration versus continuation strategies of biological disease-modifying anti-rheumatic drugs in patients with rheumatoid arthritis with low disease activity or in remission: A systematic review and meta-analysis. Clin. Exp. Rheumatol. 2017, 35, 152–160. [Google Scholar]

	



Kuijper, T.M.; Lamers-Karnebeek, F.B.; Jacobs, J.W.; Hazes, J.M.; Luime, J.J. Flare Rate in Patients with Rheumatoid Arthritis in Low Disease Activity or Remission When Tapering or Stopping Synthetic or Biologic DMARD: A Systematic Review. J. Rheumatol. 2015, 42, 2012–2022. [Google Scholar] [CrossRef]

	



Ruscitti, P.; Sinigaglia, L.; Cazzato, M.; Grembiale, R.D.; Triolo, G.; Lubrano, E.; Montecucco, C.; Giacomelli, R. Dose adjustments and discontinuation in TNF inhibitors treated patients: When and how. A systematic review of literature. Rheumatology 2018, 57, vii23–vii31. [Google Scholar] [CrossRef]

	



Vasconcelos, L.B.; Silva, M.T.; Galvao, T.F. Reduction of biologics in rheumatoid arthritis: A systematic review and meta-analysis. Rheumatol. Int. 2020, 40, 1949–1959. [Google Scholar] [CrossRef]

	



Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71. [Google Scholar] [CrossRef]

	



Page, M.J.; Moher, D.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; Brennan, S.E.; et al. PRISMA 2020 explanation and elaboration: Updated guidance and exemplars for reporting systematic reviews. BMJ 2021, 372, n160. [Google Scholar] [CrossRef]

	



Struthers, C.; de Beyer, J.A.; Logullo, P.; Harwood, J.; Collins, G. Does Providing Authors with Customized Article Templates Including Items from Reporting Guidelines Improve Completeness of Reporting? A Randomized Trial. 2021. Available online: https://osf.io/d8u76 (accessed on 13 January 2022).

	



Bramer, W.M.; Giustini, D.; de Jonge, G.B.; Holland, L.; Bekhuis, T. De-duplication of database search results for systematic reviews in EndNote. J. Med. Libr. Assoc. 2016, 104, 240–243. [Google Scholar] [CrossRef]

	



Ouzzani, M.; Hammady, H.; Fedorowicz, Z.; Elmagarmid, A. Rayyan—A web and mobile app for systematic reviews. Syst. Rev. 2016, 5, 210. [Google Scholar] [CrossRef]

	



Sterne, J.A.C.; Savović, J.; Page, M.J.; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.Y.; Corbett, M.S.; Eldridge, S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, l4898. [Google Scholar] [CrossRef]

	



Wells, G.A.; Shea, B.; O’Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies in Meta-Analyses. 2011. Available online: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed on 8 August 2021).

	



Elsayed, H.H.; Hassaballa, A.S.; Ahmed, T.A.; Gumaa, M.; Sharkawy, H.Y. Extracorporeal membrane oxygenation (ECMO) in patients with severe COVID-19 adult respiratory distress syndrome: A systematic review and meta-analysis. Cardiothorac. Surg. 2021, 29, 9. [Google Scholar] [CrossRef]

	



Papp, K.A.; Tyring, S.; Lahfa, M.; Prinz, J.; Griffiths, C.; Nakanishi, A.M.; Zitnik, R.; Van De Kerkhof, P.; the Etanercept Psoriasis Study Group. A global phase III randomized controlled trial of etanercept in psoriasis: Safety, efficacy, and effect of dose reduction. Br. J. Derm. 2005, 152, 1304–1312. [Google Scholar] [CrossRef]

	



Smolen, J.S.; Nash, P.; Durez, P.; Hall, S.; Ilivanova, E.; Irazoque-Palazuelos, F.; Miranda, P.; Park, M.-C.; Pavelka, K.; Pedersen, R.; et al. Maintenance, reduction, or withdrawal of etanercept after treatment with etanercept and methotrexate in patients with moderate rheumatoid arthritis (PRESERVE): A randomised controlled trial. Lancet 2013, 381, 918–929. [Google Scholar] [CrossRef]

	



Cantini, F.; Niccoli, L.; Cassara, E.; Kaloudi, O.; Nannini, C. Duration of remission after halving of the etanercept dose in patients with ankylosing spondylitis: A randomized, prospective, long-term, follow-up study. Biologics 2013, 7, 1–6. [Google Scholar] [CrossRef]

	



Emery, P.; Hammoudeh, M.; Fitzgerald, O.; Combe, B.; Martín-Mola, E.; Buch, M.H.; Krogulec, M.; Williams, T.; Gaylord, S.; Pedersen, R.; et al. Sustained remission with etanercept tapering in early rheumatoid arthritis. N. Engl. J. Med. 2014, 371, 1781–1792. [Google Scholar] [CrossRef]

	



Yates, M.; Hamilton, L.E.; Elender, F.; Dean, L.; Doll, H.; MacGregor, A.J.; Thomas, J.; Gaffney, K. Is Etanercept 25 mg Once Weekly as Effective as 50 mg at Maintaining Response in Patients with Ankylosing Spondylitis? A Randomized Control Trial. J. Rheumatol. 2015, 42, 1177–1185. [Google Scholar] [CrossRef] [PubMed]

	



Raffeiner, B.; Botsios, C.; Ometto, F.; Bernardi, L.; Stramare, R.; Todesco, S.; Sfriso, P.; Punzi, L. Effects of half dose etanercept (25 mg once a week) on clinical remission and radiographic progression in patients with rheumatoid arthritis in clinical remission achieved with standard dose. Clin. Exp. Rheumatol. 2015, 33, 63–68. [Google Scholar]

	



Li, J.; Wang, X.; Han, Z.; Zhang, Y.; Wang, Y.; Zhang, Y.; Li, W. Dose reduction of recombinant human tumor necrosis factor inhibitors (etanercept) can be effective in ankylosing spondylitis patients with synovitis of the hip in a Chinese population. Int. J. Immunopathol. Pharmacol. 2016, 29, 510–515. [Google Scholar] [CrossRef]

	



Weinblatt, M.E.; Bingham, C.O., 3rd; Burmester, G.R.; Bykerk, V.P.; Furst, D.E.; Mariette, X.; van der Heijde, D.; van Vollenhoven, R.; VanLunen, B.; Ecoffet, C.; et al. A Phase III Study Evaluating Continuation, Tapering, and Withdrawal of Certolizumab Pegol After One Year of Therapy in Patients With Early Rheumatoid Arthritis. Arthritis Rheumatol. 2017, 69, 1937–1948. [Google Scholar] [CrossRef] [PubMed]

	



Ibrahim, F.; Lorente-Canovas, B.; Dore, C.J.; Bosworth, A.; Ma, M.H.; Galloway, J.B.; Cope, A.P.; Pande, I.; Walker, D.; Scott, D.L. Optimizing treatment with tumour necrosis factor inhibitors in rheumatoid arthritis-a proof of principle and exploratory trial: Is dose tapering practical in good responders? Rheumatology 2017, 56, 2004–2014. [Google Scholar] [CrossRef] [PubMed]

	



Gratacós, J.; The REDES-TNF Investigators; Pontes, C.; Juanola, X.; Sanz, J.; Torres, F.; Avendaño, C.; Vallano, A.; Calvo, G.; De Miguel, E.; et al. Non-inferiority of dose reduction versus standard dosing of TNF-inhibitors in axial spondyloarthritis. Arthritis Res. Ther. 2019, 21, 11. [Google Scholar] [CrossRef]

	



Atalay, S.; van den Reek, J.; den Broeder, A.A.; van Vugt, L.J.; Otero, M.E.; Njoo, M.D.; Mommers, J.M.; Ossenkoppele, P.M.; Koetsier, M.I.; Berends, M.A.; et al. Comparison of Tightly Controlled Dose Reduction of Biologics with Usual Care for Patients with Psoriasis: A Randomized Clinical Trial. JAMA Dermatol. 2020, 156, 393–400. [Google Scholar] [CrossRef]

	



Landewé, R.B.; Van Der Heijde, D.; Dougados, M.; Baraliakos, X.; Bosch, F.E.V.D.; Gaffney, K.; Bauer, L.; Hoepken, B.; Davies, O.R.; De Peyrecave, N.; et al. Maintenance of clinical remission in early axial spondyloarthritis following certolizumab pegol dose reduction. Ann. Rheum. Dis. 2020, 79, 920–928. [Google Scholar] [CrossRef]

	



Emery, P.; Burmester, G.R.; Naredo, E.; Sinigaglia, L.; Lagunes, I.; Koenigsbauer, F.; Conaghan, P.G. Adalimumab dose tapering in patients with rheumatoid arthritis who are in long-standing clinical remission: Results of the phase IV PREDICTRA study. Ann. Rheum. Dis. 2020, 79, 1023–1030. [Google Scholar]

	



Bertrand, D.; Stouten, V.; De Cock, D.; Pazmino, S.; Doumen, M.; de Wergifosse, I.; Joly, J.; Badot, V.; Corluy, L.; Hoffman, I.; et al. Tapering of Etanercept is feasible in patients with Rheumatoid Arthritis in sustained remission: A pragmatic randomized controlled trial. Scand. J. Rheumatol. 2021. [Google Scholar] [CrossRef]

	



Park, J.W.; Yoon, Y.I.; Lee, J.H.; Park, J.K.; Lee, E.B.; Song, Y.W. Low dose etanercept treatment for maintenance of clinical remission in ankylosing spondylitis. Clin. Exp. Rheumatol. 2016, 34, 592–599. [Google Scholar] [PubMed]

	



Závada, J.; Uher, M.; Sisol, K.; Forejtova, S.; Jarosova, K.; Mann, H.; Vencovsky, J.; Pavelka, K. 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. Ann. Rheum. Dis. 2016, 75, 96–102. [Google Scholar] [CrossRef] [PubMed]

	



Li, K.-P.; Jin, J.-Y.; Yang, J.; Li, Y.; Zhao, W.; Luo, G.; Zhu, J.; Zhang, J.-L.; Huang, F. Full dose, half dose, or discontinuation of etanercept biosimilar in early axial spondyloarthritis patients: A real-world study in China. Arch. Med. Sci. 2019, 15, 700–705. [Google Scholar] [CrossRef] [PubMed]

	



Pouillon, L.; Lamoureux, A.; Pineton de Chambrun, G.; Vuitton, L.; Pariente, B.; Zallot, C.; Dufour, G.; Fumery, M.; Baumann, C.; Amiot, A.; et al. Dose de-escalation to adalimumab 40mg every three weeks in patients with inflammatory bowel disease-A multicenter, retrospective, observational study. Dig. Liver Dis. 2019, 51, 236–241. [Google Scholar] [CrossRef] [PubMed]

	



Atalay, S.; van den Reek, J.; Groenewoud, J.M.M.; van de Kerkhof, P.C.M.; Kievit, W.; de Jong, E. Two-year follow-up of a dose reduction strategy trial of biologics adalimumab, etanercept, and ustekinumab in psoriasis patients in daily practice. J. Dermatol. Treat. 2021. [Google Scholar] [CrossRef] [PubMed]

	



Van Steenbergen, S.; Bian, S.; Vermeire, S.; Van Assche, G.; Gils, A.; Ferrante, M. Dose de-escalation to adalimumab 40 mg every 3 weeks in patients with Crohn’s disease—A nested case-control study. Aliment. Pharmacol. Ther. 2017, 45, 923–932. [Google Scholar] [CrossRef]

	



Fautrel, B.; Pham, T.; Alfaiate, T.; Gandjbakhch, F.; Foltz, V.; Morel, J.; Dernis, E.; Gaudin, P.; Brocq, O.; Solau-Gervais, E.; et al. 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 TNF-blocker injections in Rheumatoid ArthritiS Study). Ann. Rheum. Dis. 2016, 75, 59–67. [Google Scholar]

	



Vinson, D.; Molet-Benhamou, L.; Degboé, Y.; Broeder, A.D.; Ibrahim, F.; Pontes, C.; Westhovens, R.; Závada, J.; Pham, T.; Barnetche, T.; et al. Impact of tapering targeted therapies (bDMARDs or JAKis) on the risk of serious infections and adverse events of special interest in patients with rheumatoid arthritis or spondyloarthritis: A systematic analysis of the literature and meta-analysis. Arthritis Res. Ther. 2020, 22, 97. [Google Scholar] [CrossRef]

	



Bouhuys, M.; Lexmond, W.S.; Dijkstra, G.; Lobatón, T.; Louis, E.; van Biervliet, S.; Groen, H.; Guardiola, J.; van Rheenen, P. Efficacy of anti-TNF dosing interval lengthening in adolescents and young adults with inflammatory bowel disease in sustained remission (FREE-study): Protocol for a partially randomised patient preference trial. BMJ Open 2021, 11, e054154. [Google Scholar] [CrossRef]

	



Biological Therapy Cycles: Towards Tailored, Needs-Driven, Safer and Cost-Effective Management of Crohn’s Disease. Available online: https://biocycle-project.eu/ (accessed on 1 February 2022).








[image: Biomedicines 10 01034 g001 550] 





Figure 1. PRISMA 2020 flow diagram of study selection. 
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Figure 2. Risk of bias of RCTs (revised Cochrane risk-of bias tool). * Scored for outcome of interest of this systematic review (i.e., the occurrence of new infections and/or skin manifestations, or the reduction and/or disappearance of infections and/or skin manifestations). 
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Table 1. Characteristics and main results of included studies.
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	Study

(Acronym)
	Design
	Number of Patients
	Diagnosis
	Anti-TNF-α Agent
	De-Escalation Method
	Duration of Follow-Up
	Main Results Adverse Effects

(n of Patients with ≥1 Event (%, 95% CI))





	Papp (Br J Dermatol, 2005) [29]
	RCT
	194

(194 ST; 190 DE, subgroup in which all patients received ST followed by DE)
	Psoriasis
	Etanercept
	Dose reduction
	12 weeks
	Occurrence of new infections:

Upper respiratory tract infections:



	
ST: n = 25 (12.9%, 8.9–18.3)



	
DE: n = 24 (12.6%, 8.6–18.1)





‘Flu syndrome’:



	
ST: n = 8 (4.1%, 2.1–7.9)



	
DE: n = 5 (2.6%, 1.1–6.0)





Occurrence of new skin manifestations:

Injection site reactions:



	
ST: n = 35 (18.0%, 13.3–24.1)



	
DE: n = 7 (3.7%, 1.8–7.4)








	Smolen (Lancet, 2013) [30]

(PRESERVE)
	RCT
	404

(202 ST; 202 DE)
	Rheumatoid arthritis
	Etanercept
	Dose reduction
	52 weeks
	Occurrence of new infections:

Nasopharyngitis:



	
ST: n = 17 (8.4%, 5.3–13.1)



	
DE: n = 10 (5.0%, 2.7–8.9)





Bronchitis:



	
ST: n = 12 (5.9%, 3.4–10.1)



	
DE: n = 11 (5.4%, 3.1–9.5)





Treatment-emergent serious infections:



	
ST: n = 3 (1.5%, 0.5–4.3)



	
DE: n = 0 (0.0%, 0.0–1.9)





Occurrence of new skin manifestations:

Herpes Zoster:



	
ST: n = 4 (2.0%, 0.8–5.0)



	
DE: n = 1 (0.5%, 0.1–2.8)





Malignant melanoma:



	
ST: n = 1 (0.5%, 0.1–2.8)



	
DE: n = 0 (0.0%, 0.0–1.9)








	Cantini (Biologics, 2013) [31]
	RCT
	43

(21 ST; 22 DE)
	Axial spondylo-arthritis
	Etanercept
	Interval lengthening
	Mean of 22 months

(SD 1.1)
	Occurrence of new infections:

Urinary tract infections:



	
ST: n = 1 (4.8%, 0.8–22.7)



	
DE: n = 2 (9.1%, 2.5–27.9)





Upper respiratory tract infections:



	
ST: n = 5 (23.8%, 10.6–45.1)



	
DE: n = 7 (31.8%, 16.4–52.7)





Occurrence of new skin manifestations:

Injection site reactions:



	
ST: n = 4 (19.0%, 7.7–40.0)



	
DE: n = 3 (13.6%, 4.7–33.3)








	Emery (N Engl J Med, 2014) [32]

(PRIZE)
	RCT
	306

(306 ST; 63 DE, all patients received ST followed by DE in a subgroup of patients)
	Rheumatoid arthritis
	Etanercept
	Dose reduction
	ST: 52 weeks

DE: 39 weeks
	Occurrence of new infections:

Any infection:



	
ST: not provided



	
DE: n = 17 (27.0%, 17.6–39.0)





Serious infections:



	
ST: n = 6 (2.0%, 0.9–4.2)



	
DE: n = 1 (1.6%, 0.3–8.5)








	Yates (J Rheum, 2015) [33]

(ANSWERS)
	RCT
	47

(24 ST; 23 DE)
	Axial spondylo-arthritis
	Etanercept
	Dose reduction
	6 months
	Occurrence of new infections: 1



	
ST: n = 8 (33.3%, 17.9–53.3)



	
DE: n = 10 (43.5%, 25.6–63.2)





Occurrence of new skin manifestations: 1

Any skin manifestation:



	
ST: n = 3 (12.5%, 4.3–31.0)



	
DE: n = 5 (21.7%, 9.7–41.9)





Injection site reactions:



	
ST: n = 2 (8.3%, 2.3–25.9)



	
DE: n = 2 (8.7%, 2.4–26.8)








	Raffeiner (Clin Exp Rheumatol, 2015) [34]
	RCT
	323

(164 ST; 159 DE)
	Rheumatoid arthritis
	Etanercept
	Interval lengthening
	Mean of 18 months

(SD 1.2)
	Occurrence of new infections:

Any infection: incidence rate per 100 PYs



	
ST: 17.2



	
DE: 10.4





p < 0.001

Severe infections: incidence rate per 100 PYs



	
ST: 0.23



	
DE: 0.67





Not statistically significant



	Li (Int J Immunopathol Pharmacol, 2016) [35]
	RCT
	43

(17 ST; 26 DE)
	Axial spondylo-arthritis
	Etanercept
	Interval lengthening
	12 weeks 2
	Occurrence of new infections:

Minor infections:



	
ST: n = 1 (5.9%, 1.0–27.0)



	
DE: n = 1 (3.8%, 0.7–18.9)





Occurrence of new skin manifestations:

Injection site reactions:



	
ST: n = 0 (0.0%, 0.0–18.4)



	
DE: n = 3 (11.5%, 4.0–29.0)








	Weinblatt (Arthritis Rheumatol, 2017) [36]

(C-EARLY-2)
	RCT
	210

(83 ST; 127 DE)
	Rheumatoid arthritis
	Certolizumab pegol
	Interval lengthening
	52 weeks
	Occurrence of new infections:

Any infection:



	
ST: n = 26 (31.3%, 22.4–41.9)



	
DE: n = 49 (38.6%, 30.6–47.3)





Serious infections:



	
ST: n = 1 (1.2%, 0.2–6.5)



	
DE: n = 1 (0.8%, 0.1–4.3)





Occurrence of new skin manifestations:



	
ST: n = 8 (9.6%, 5.0–17.9)



	
DE: n = 9 (7.1%, 3.8–12.9)








	Ibrahim (Rheumatology (Oxford), 2017) [37]

(OPTTIRA)
	RCT
	47

(19 ST; 44 DE, DE includes 16 patients from the ST group that were re-randomized to DE)
	Rheumatoid arthritis
	Adalimumab

Etanercept
	Interval lengthening
	6 months
	Occurrence of new skin manifestations:

Any skin manifestation: n of events



	
ST: n = 13



	
DE: n = 24





Serious skin manifestations: n of events



	
ST: n = 0



	
DE: n = 2








	Gratacós (Arthritis Res Ther, 2019) [38]

(REDES-TNF)
	RCT
	123

(62 ST; 61 DE)
	Axial spondylo-arthritis
	Adalimumab

Etanercept

Golimumab

Infliximab
	Interval lengthening or dose reduction
	12 months
	Occurrence of new infections:

	
ST: n = 19 (30.6%, 20.6–43.0)



	
DE: n = 11 (18.0%, 10.4–29.5)








	Atalay (JAMA Dermatol, 2020) [39]

(CONDOR)
	RCT
	80

(41 ST; 39 DE,

40 patients that were treated with ustekinumab were excluded in this systematic review)
	Psoriasis
	Adalimumab

Etanercept


	Interval lengthening
	12 months
	Occurrence of new infections: 1

	
ST: n = 26 (63.4%, 48.1–76.4)



	
DE: n = 24 (61.5%, 45.9–75.1)





Occurrence of new skin manifestations: 1

	
ST: n = 6 (7.3%, 2.5–19.4)



	
DE: n = 2 (5.1%, 1.4–16.9)








	Landewé (Ann Rheum Dis, 2020)

[40]

(C-OPTIMISE)
	RCT
	209

(104 ST; 105 DE)
	Axial spondylo-arthritis
	Certolizumab pegol
	Interval lengthening
	48 weeks
	Occurrence of new infections:

Opportunistic infections:



	
ST: n = 1 (1.0%, 0.2–5.2)



	
DE: n = 3 (2.9%, 1.0–8.1)





Oral candidiasis:



	
ST: n = 0 (0.0%, 0.0–3.6)



	
DE: n = 1 (1%, 0.2–5.2)








	Emery (Ann Rheum Dis, 2020) [41]

(PREDICTRA)
	RCT
	102

(39 ST; 102 DE,

ST are patients receiving ST after failure of DE)
	Rheumatoid arthritis
	Adalimumab
	Interval lengthening
	ST: 16 weeks

DE: 36 weeks
	Occurrence of new infections:

	
ST: n = 15 (38.5%, 24.9–54.1)



	
DE: n = 34 (33.3%, 24.9–42.9)








	Bertrand (Scand J Rheumatol, 2021) [42]

(TapERA)
	RCT
	66

(34 ST; 32 DE)
	Rheumatoid arthritis
	Etanercept
	Interval lengthening
	1 year
	Occurrence of new infections: 1

Any infection:



	
ST: n = 7 (20.6%, 10.4–36.8)



	
DE: n = 7 (21.9%, 11.0–38.8)





Serious infections:



	
ST: n = 0 (0.0%, 0.0–10.7)



	
DE: n = 0 (0.0%, 0.0–10.1)








	Park (Clin Exp Rheumatol, 2016) [43]
	Cohort study
	83

(31 ST; 52 DE)
	Axial spondylo-arthritis
	Etanercept
	Dose reduction
	536.8 PYs

(95.9 PYs ST; 440.9 PYs DE)
	Occurrence of new infections:

Any infection: incidence rate per 100 PYs (95% CI):



	
ST: 17.7 (10.3–28.4)



	
DE: 21.0 (17.0–25.8)





Incidence rate ratio DE/ST: 1.194 (95% CI 0.712–2.002), p = 0.501

Clinically significant infections: incidence rate per 100 PYs (95% CI):



	
ST: 1.0 (0.0–5.8)



	
DE: 0.5 (0.0–1.6)





Incidence rate ratio DE/ST: 0.435 (95% CI 0.039–4.795), p = 0.497

Occurrence of new skin manifestations:

Any injection site reaction: incidence rate per 100 PYs (95% CI):



	
ST: 8.3 (3.6–16.4)



	
DE: 2.7 (1.4–4.8)





Incidence rate ratio DE/ST: 0.327 (95% CI 0.134–0.801), p = 0.014

Clinically significant injection site reactions: incidence rate per 100 PYs (95% CI):



	
ST: 1.0 (0.0–5.8)



	
DE: 0.7 (0.1–2.0)





Incidence rate ratio DE/ST: 0.652 (95 % CI 0.068–6.270), p = 0.711



	Závada (Ann Rheum Dis, 2016) [44]
	Cohort study
	136

(83 ST; 53 DE)
	Axial spondylo-arthritis
	Adalimumab

Etanercept

Infliximab
	Interval lengthening, dose reduction, or a combination
	12 months
	Occurrence of new infections:



	
ST: 9 (10.8%, 5.8–19.3)



	
DE: 4 (7.5%, 3.0–17.9)





p = 0.550



	Li (Arch Med Sci, 2019) [45]
	Cohort study
	96

(48 ST; 48 DE)
	Axial spondylo-arthritis
	Etanercept
	Dose reduction
	48 weeks
	Occurrence of new infections:

Upper respiratory tract infections:



	
ST: n = 8 (16.7%, 8.7–29.6)



	
DE: n = 6 (12.5%, 5.9–24.7)





Tuberculosis infection:



	
ST: n = 1 (2.08%, 0.4–10.9)



	
DE: n = 1 (2.08%, 0.4–10.9)





Occurrence of new skin manifestations:

Injection site reactions:



	
ST: n = 8 (16.7%, 8.7–29.6)



	
DE: n = 5 (10.4%, 4.5–22.2)








	Pouillon (Dig Liver Dis, 2019) [46]
	Cohort study
	56

(0 ST; 56 DE)
	Inflammatory bowel disease
	Adalimumab
	Interval lengthening
	Median of 15.9 months

(IQR 7.9–30.6)
	Disappearance of skin manifestations:

n of patients in whom skin manifestations disappeared/n at baseline



	
DE: n = 4/7 (57.1%, 25.1–84.2)








	Atalay (J Dermatolog Treat, 2021) [47]

(extension of CONDOR)
	Cohort study
	58

(40 ST; 18 DE,

30 patients that were treated with ustekinumab were excluded in this systematic review)
	Psoriasis
	Adalimumab
	Interval lengthening
	12 months
	Occurrence of new infections: 1

	
ST: 20 (50.0%, 35.2–64.8)



	
DE: 11 (61.1%, 38.6–79.7)





Occurrence of new skin manifestations: 1

	
ST: 5 (12.5%, 5.5–26.1)



	
DE: 0 (0.0%, 0.0–17.6)








	van Steenbergen (Aliment Pharmacol Ther, 2017) [48]
	Case–control study
	80

(40 ST; 40 DE)
	Inflammatory bowel disease
	Adalimumab
	Interval lengthening
	Median of 37.1 months

(IQR 30.2–49.3)
	Disappearance of skin manifestations:

n of patients in whom skin manifestations disappeared/n at baseline



	
ST: 0/11 (0.0%)



	
DE: 8/17 (47.1%, 26.2–69.0)





Disappearance of infections:

Frequent infectious symptoms: n of patients in whom frequent infectious symptoms disappeared/n at baseline



	
ST: 0/5 (0.0%)



	
DE: 5/7 (71.4%, 26.2–69.0)












CI—confidence interval; DE—de-escalation; IQR—interquartile range; PYs—person years; RCT—randomized controlled trial; SD—standard deviation; ST—standard treatment. 1 Requested data. 2 The DE group continued on the standard dosing interval for 4 weeks, followed by the lengthened interval for 8 weeks.
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Table 2. Risk of bias of non-RCTs (Newcastle–Ottawa scale).






Table 2. Risk of bias of non-RCTs (Newcastle–Ottawa scale).





	Study
	Design
	Selection

(Max. 4 Stars)
	Comparability (Max. 2 Stars)
	Outcome */Exposure

(Max. 3 Stars)
	Total Stars

(Quality)





	Park (Clin Exp Rheumatol, 2016)
	Cohort
	★★★★
	★★
	★★
	8 (good)



	Závada (Ann Rheum Dis, 2016)
	Cohort
	★★★★
	★★
	★★
	8 (good)



	Li (Arch Med Sci, 2019)
	Cohort
	★★★★
	★★
	★★
	8 (good)



	Pouillon (Dig Liver Dis, 2019)
	Cohort
	★★★
	-
	★
	4 (poor)



	Atalay (J Dermatolog Treat, 2021)
	Cohort
	★★★★
	★★
	★
	7 (poor)



	van Steenbergen

(Aliment Pharmacol Ther, 2017)
	Case–control
	★★★★
	★
	★★★
	8 (good)







* Scored for outcome of interest of this systematic review (i.e., the occurrence of new infections and/or skin manifestations, or the reduction and/or disappearance of infections and/or skin manifestations).
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