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Abstract

:

(1) Background: Evidence on the outcomes of ustekinumab treatment in real-world Crohn’s disease (CD) patients is needed. Our aim was to evaluate the effectiveness and safety of ustekinumab in CD, reported by observational studies. (2) Methods: bibliographical searches were performed (PubMed, EMBASE). Selection: observational studies assessing the effectiveness and safety of ustekinumab in CD. Exclusion criteria: studies using ustekinumab as a prophylaxis for postoperative recurrence or perianal disease. Data synthesis: effectiveness by intention-to-treat (random-effects model). Data were stratified by study design, population included, administered dose, and prior biologic exposure. (3) Results: A total of 63 studies (8529 patients) were included. Response was achieved in 60% (95% CI, 54–67%) in the short term (8–14 weeks); 64% (57–71%) in the medium term (16–24 weeks); and 64% (52–74%) in the long term (48–52 weeks). Remission was achieved in 37% (28–46%) in the short term; 42% (36–49%) in the medium term; and 45% (37–53%) in the long term. The endoscopic remission rate was 33% (25–40%) in the long term. Eighteen percent of patients lost response during follow-up. Nearly one-third of the patients needed dose optimisation, and in 59% of them it was effective. Twenty-five percent of patients developed adverse events, leading to treatment withdrawal in seven percent of the cases. (4) Conclusions: Ustekinumab is an effective and safe therapy in real-world refractory CD patients. Dose optimisation is frequently required, being effective in a high percentage of cases.
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1. Introduction


Inflammatory bowel disease (IBD) comprises a series of chronic disorders of unknown cause affecting the gastrointestinal tract, and it is associated with a complex immune response. Treatment options for IBD are rapidly expanding because the currently available treatments are still ineffective in many patients [1,2,3,4].



Ustekinumab is a fully human monoclonal IL-12/23 p40 antibody. IL-12 and IL-23 play a key role in the inflammatory cascade in Crohn’s disease (CD). According to the summary of product characteristics, ustekinumab is approved for the treatment of patients with moderate-to-severe CD who have had an inadequate response with, lost response to, or were intolerant to either conventional therapy or to anti-tumour necrosis factor (anti-TNF), or have medical contraindications to these therapies [5].



The efficacy of ustekinumab has been shown in the UNITI-1, UNITI-2 (induction) and IM-UNITI (maintenance) clinical trials [6,7,8]. As with other biological treatments, efficacy was greater in patients naïve to anti-TNF drugs (UNITI-2) than in previous non-responders to such drugs (UNITI-1). The safety profile of the drug is favourable. Nevertheless, randomised clinical trials may not represent the real-world IBD population because an important proportion of IBD patients do not meet their strict inclusion criteria [9,10].



In this scenario, in the last few years, observational studies reporting the effectiveness and the safety of ustekinumab for CD have been conducted. However, the published studies are scarce, with few patients mainly included in unicentric cohorts. Therefore, the effectiveness and safety of ustekinumab are not yet clear. The aim of this study was to evaluate, through a systematic review and meta-analysis, the effectiveness and safety of ustekinumab in the treatment of CD reported by observational studies.




2. Materials and Methods


2.1. Literature Search and Study Selection


Bibliographic searches were performed in PubMed and EMBASE up to December 2021. The search strategy (with corresponding keywords in all fields) was: (“inflammatory bowel disease” OR “crohn’s disease”) AND ustekinumab. Additional hand searches were performed by cross-referencing eligible studies in order to identify further relevant publications. We also included conference proceedings of the last five years from Digestive Diseases Week (DDW), United European Gastroenterology Week (UEGW), the European Crohn’s and Colitis Organisation (ECCO), and the World Gastroenterology Organisation (WGO). Abstracts were screened to discard duplicates, and when the literature search yielded two or more studies by the same author assessing the same populations, only the most recent one was chosen, irrespective of the time interval, as it was assumed that the last one published would include the most comprehensive and complete data. The corresponding authors of the studies without sufficient data were contacted for additional information. The process of study selection is depicted in a flow diagram following the PRISMA statement [11]. The present systematic review was registered in PROSPERO (CRD42021273274).



Two reviewers (CR and MC) selected the articles, first by title and abstract and then by full-text review and following the selection criteria. Any discrepancy during the selection of references was solved by consensus with a third reviewer (JPG).




2.2. Selection Criteria


Prospective and retrospective studies assessing the effectiveness or the safety of ustekinumab in CD were selected for inclusion. There were no language restrictions, and studies focused on paediatric patients could be included. Articles in which ustekinumab had been prescribed exclusively as prophylaxis for postoperative recurrence in CD or for perianal CD were excluded. Systematic or narrative reviews and clinical trials were excluded from this systematic review.




2.3. Data Extraction


A predefined data-extraction form was used to collect the data. The variables recorded were: year of publication; study design (prospective or retrospective); age of the study population (adults or children); sample size; previous biologic exposure (naïve or non-naïve); use of concomitant immunomodulator therapy; administered dose of ustekinumab; ustekinumab as induction or maintenance therapy; length of follow-up (in months); outcome measures (clinical and endoscopic response, clinical and endoscopic remission, and corticosteroid-free clinical remission); and predictors of response (if any). Outcome measures were reported in the short term (8–14 weeks), in the medium term (16–24 weeks), and in the long term: 48–52 weeks, where available. We also collected the need for dose optimisation, median time of initiation of therapy intensification, and effectiveness of dose optimisation. Dose escalation was defined as a shortening of the administration interval from every 12 weeks to every 8 weeks; dose intensification was defined as a shortening of the ustekinumab administration interval to less than 8 weeks (every 4 or 6 weeks) or administration of a reinduction IV dose of ustekinumab. Adverse events (AEs) associated with ustekinumab treatment were also recorded (including AEs that required ustekinumab discontinuation and serious AEs related to ustekinumab). We defined serious AEs following the criteria of the Food and Drug Administration (FDA): the need for hospitalisation, disability or permanent damage, life-threatening, required intervention to prevent permanent impairment or damage, congenital anomaly/birth defect, or death.




2.4. Quality Assessment


To assess the quality of the observational studies (only the full-text ones) we used the “Newcastle-Ottawa Scale” (NOS), which is considered the most reliable method for outcome assessment [12]. The evaluated items of NOS are detailed in Figure S1.




2.5. Outcome Measures


2.5.1. Primary Outcomes


	
Clinical and endoscopic response and remission in CD patients treated with ustekinumab in the short, medium, and long term, in a real-life setting.



	
Safety of ustekinumab in CD patients.







2.5.2. Secondary Outcomes


	
Effectiveness of intensification of ustekinumab treatment (either by decreasing the intervals of ustekinumab administration or by dose intensification (shortening of the ustekinumab administration interval to less than 8 weeks or administration of a reinduction IV dose of ustekinumab)).



	
Predictive factors of response in a real-life setting.






We evaluated outcomes at weeks 8–14 (short term), 16–24 (medium term), and 48–52 (long term), where available.





2.6. Data Synthesis and Statistical Analysis


All analyses were pre-planned a priori. The outcomes were thereafter combined using the inverse variance method, providing 95% confidence intervals (CIs). Due to the expected high heterogeneity in the design and the results of the studies, a random effects model was used. Heterogeneity was analysed using I2 statistic: according to I2 values, the heterogeneity was considered: not important (I2 < 40%), moderate (40–75%), and considerable (>75%). Such interpretations were also adjusted for the magnitude of the effect and/or the strength of the evidence given (i.e., p-value <0.1 of the Chi2 test). Safety data were reported as the proportion of AEs per patient.



Begg’s funnel plot was used to estimate the possibility of publication bias [13]. Post hoc sensitivity analyses were performed for each meta-analysis subgroup by excluding those studies that were identified as potentially introducing a critical risk of bias that could likely modify the outcome. Data were analysed using the Review Manager software (version 5.4.1, Copenhagen, Denmark).





3. Results


3.1. Study Selection and Characteristics


A total of 63 studies (including 8529 patients) met the inclusion criteria and were finally included in the systematic review and meta-analysis (Figure 1) [14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76]. Forty-four (70%) were reported as full-text articles and nineteen (30%) were abstracts.



Of the 63 studies included, 59 (94%) focused on biologic-experienced patients. Only one study focused exclusively on naïve patients [55], and in three studies, prior biologic exposure was not reported. Only three studies (4.8%) included paediatric patients [54,59,63] (Table 1).




3.2. Effectiveness of Ustekinumab


The effectiveness of ustekinumab in the selected studies is summarised in Table 2.



3.2.1. Clinical Response


The short-term follow-up (8 w–14 w) was analysed for a total of 24 studies. Clinical response rates ranged from 33% to 88%, with an overall pooled rate of 60% (95% CI, 54–67, I2 = 93%) (Figure 2a). Combining all 28 studies reporting clinical response data in the medium term (16 w–24 w), clinical response rates ranged from 23% to 95%, with an overall pooled rate of 64% (95% CI, 57–71, I2 = 95%) (Figure 2b). Finally, the long-term follow-up (48 w–52 w) was analysed for 23 studies. Clinical response rates ranged from 26% to 99%, with an overall pooled rate of 64% (95% CI, 52–74, I2 = 99%) (Figure 2c).



Subgroup analyses for clinical response based on the proportion of patients who were biologic-naïve, by type/design of study (full text vs. abstract; prospective vs. retrospective), by study population (children vs. adults), or by ustekinumab induction regimen did not explain between-study heterogeneity.




3.2.2. Clinical Remission


Clinical remission rates of the 26 studies included in the short-term (8 w–14 w) group ranged from 6% to 94%, with an overall pooled rate of 37% (95% CI, 28–46, I2 = 97%) (Figure 3a). In the medium term (16 w–24 w), combining 32 studies, the pooled estimate of clinical remission rate was 42% (95% CI, 36–49, I2 = 95%). Clinical remission ranged from 8% to 71% (Figure 3b). A total of 25 studies reported clinical remission data in the long term (48 w–52 w). Clinical remission rates ranged from 14% to 86%, with an overall pooled rate of 45% (95% CI, 37–53, I2 = 95%) (Figure 3c). All the subgroup analyses for clinical remission showed considerable heterogeneity.




3.2.3. Corticosteroid-Free Clinical Remission


Fifteen studies reported corticosteroid-free clinical remission rates in the short term (8 w–14 w). Corticosteroid-free clinical remission rates ranged from 19% to 56%, with an overall pooled rate of 33% (95% CI, 27–40, I2 = 86%) (Figure S2A). In the medium term (16 w–24 w), the overall pooled rate of the 24 studies included was 42% (95% CI, 33–59, I2 = 93%), and rates ranged from 7% to 62% (Figure S2B). Finally, combining all 18 studies reporting corticosteroid-free clinical remission data in the long term, the overall pooled rate was 46% (95% CI, 30–59, I2 = 98%), with corticosteroid-free clinical remission rates ranging from 15% to 96% (Figure S2C). Subgroup analyses for corticosteroid-free clinical remission did not explain between-study heterogeneity.




3.2.4. Endoscopic Remission


Endoscopic remission was achieved in 24% of the cases (95% CI, 13–34, I2 = 96%) (Figure S3A). The remission rates of the 12 studies included in the analysis ranged from 1% to 69%. In the long term, 11 studies reported endoscopic remission data and the overall pooled rate was 33% (95% CI, 25–40, I2 = 81%), ranging from 13% to 69% (Figure S3B).



Subgroup analyses for endoscopic remission based on the proportion of patients who were biologic-naïve, by type/design of study (full text vs. abstract/prospective vs. retrospective), by study population (children vs. adult), or by ustekinumab induction regimen did not explain between-study heterogeneity.





3.3. Loss of Response to Ustekinumab


The loss of response rates and the median time to loss of response of each study (when available) are detailed in Table 3. The loss of response rate ranged from 0% to 67%, with an overall pooled rate of 18% (95% CI, 14–22, I2 = 98%). Ustekinumab secondary loss of response rate in the medium term (six months) was 18% (95% CI, 13–24, I2 = 88%). In the long term (12 months), the overall loss of response to ustekinumab rate was 18% (95% CI, 13–23, I2 = 98%).




3.4. Dose Optimisation


In 32 studies (51%), some type of dose optimisation of ustekinumab was reported (Table 3). The overall need for dose optimisation (dose escalation and/or intensification) was 30% (95% CI, 8–53, I2 = 100%), ranging from 4% to 100%. The effectiveness of dose optimisation was 59% (95% IC, 31–86, I2 = 100%).




3.5. Predictors of Response


Predictors of response were reported in 37 studies (59%). The most frequent predictors of poor clinical response were previous biologic exposure (anti-TNF and/or vedolizumab) [26,39,40,44,47,51,65,72,74], stricturing disease [19,20,39,44,65], penetrating disease [27,39,44,51,65], and high Harvey-Bradshaw index (HBI) at first dose [19,20,51,72,73,75]. Concomitant corticosteroids, extraintestinal manifestations, male sex, old age, smoking, and low body mass index were also reported in some studies. The most frequent predictors of response were concomitant immunomodulators [20,35,67] and ileal [26] or ileocolonic disease [20,28].




3.6. Safety


In total, 2191 AEs were reported in 1088 patients, resulting in a pooled estimate of incidence rate of 26% (95% CI, 25–27). Of all AEs, 190 (8.7%) were serious AEs. The most frequent AE was infections [335/8529 (3.9%)], and 27 of the 8529 (0.3%) patients included in the meta-analysis developed malignancy. One hundred and forty-nine AEs (6.8%) led to discontinuation of treatment (Table 4).




3.7. Quality of Included Studies and Risk of Publication Bias


Quality of evidence grading of the studies ranged from five (eight studies) to nine (one study). Four studies (9.3%) were graded as ‘high quality’ studies (Newcastle–Ottawa score ≥ 7). The quality of each included study is detailed in Table 5.



Begg’s funnel plot was used, and we did not identify publication bias (Figure S4).





4. Discussion


To the best of our knowledge, this systematic review and meta-analysis summarises the largest collection of real-world evidence assessing the effectiveness and safety of ustekinumab in CD, including 63 studies and 8529 patients. Our analysis reports relatively high remission and response rates in refractory CD patients (i.e., those previously exposed to other biological agents), supporting that ustekinumab represents a relevant therapeutic option in the management of CD.



The efficacy and safety of induction therapy with ustekinumab in patients with moderately to severely active CD was demonstrated in the IM-UNITI trials, in which ustekinumab was shown to be effective and safe in the long term (up to 5 years in preliminary data) [6,7,8]. Despite the benefit of ustekinumab in the aforementioned clinical trials, real-world studies are needed to confirm the effectiveness and the safety reported by randomised studies.



Our systematic review almost exclusively includes refractory CD patients: almost all were biologic-experienced, and the vast majority had experienced failure of two or more anti-TNF drugs (Table 1). The overall clinical response and remission rates in our study in the short term were relatively high (60% and 37%, respectively). Moreover, approximately one-third of the patients included in our analysis were in corticosteroid-free clinical remission at week 14. However, the percentage of patients who had a response at week 6 in the UNITI-1 clinical trial was lower (34%) [6]. This difference may be partially explained by the less stringent definition of response in real-world studies included in our review (employing mainly the HBI and/or PGA) in contrast with clinical trials, in which CDAI is generally used. Additionally, short-term clinical response was evaluated after 6 and 8 weeks in the UNITI-1 clinical trial, while in the studies included in our meta-analysis, it was evaluated between 8 and 14 weeks. In the UNITI-1 trial, the one-year remission rate was 41% [6]; in the long term (week 52), 34% of patients in the every-8-weeks group and 29% in the every-12-weeks group were in clinical remission [8]. In the long term, our pooled clinical remission and response rates were 45% and 64% at one year. Additionally, we could not confirm the higher clinical response rates associated with subcutaneous compared with intravenous induction previously reported by Macaluso et al. [77].



Regarding endoscopic outcomes, results should be interpreted with caution, because the number of patients with available endoscopic data was quite limited (Table 2). Currently, data from clinical trials on the ability of ustekinumab to induce mucosal healing are scarce. In IM-UNITI, a sub-study showed rates of endoscopic response and remission of 17% and 11%, respectively [78]. Despite the heterogeneity of our results (due to the different criteria for the assessment of endoscopic response and the limited availability of these data in clinical practice), remarkably significant endoscopic remission rates were reported in the medium (six months, 24%) and in the long term (12 months, 33%).



Previous biologic exposure, stricturing, and penetrating CD and higher HBI at baseline were associated with a lower probability of achieving clinical remission in the observational studies included in our systematic review. While these clinical outcomes are promising (and could be taken into account in the future for the selection of a treatment schedule), controlled studies are necessary to confirm these data.



Medical treatment options for anti-TNF refractory patients are eagerly needed, and ustekinumab has recently emerged as a new therapeutic target. Despite the effectiveness of ustekinumab reported in short- and long-term studies, a significant percentage of patients treated with this drug may lose response (18% in our study). In this scenario, the need for dose optimisation is relatively high in clinical practice, as shown by our results, in which dose optimisation was needed in 30% of cases.



In our review, 60% of the intensified patients achieved clinical remission with different dose optimisation regimens: dose escalation to every 8 weeks and/or intensification every 6–4 weeks, or intravenous reinduction. Reinduction with intravenous ustekinumab after secondary loss of response in CD is a relatively new strategy to regain efficacy. In this scenario, an observational and multicentre study of 53 patients in Spain reported that 49% and 43% of the cohort were in clinical remission at week 8 and week 16 after reinduction, respectively, whereas 64% and 53% had clinical response [79].



Finally, two recently published systematic review and meta-analyses evaluated the safety of ustekinumab in clinical trials [8,80]. Rolston et al. compared rates of AEs in randomised controlled trials of ustekinumab compared to placebo among a spectrum of autoimmune diseases. Of the 30 studies included, 5 were conducted in IBD patients. In this subgroup, there were no differences in the rates of serious or mild/moderate AEs for ustekinumab vs. placebo or in the rates of AEs for low vs. high-dose ustekinumab [80]. Likewise, Sandborn et al. reported that safety events were similar in the placebo and in the ustekinumab groups for all AEs, serious AEs, infections, and serious infections [8].



To our knowledge, the safety of ustekinumab in observational studies was recently summarised in three reviews [77,81,82]. In the systematic review of Macaluso et al., including thirteen studies (1450 patients), the pooled incidence rate of total AEs was 19.1 per 100 patients-year [77]. Similarly, Engel et al. combined the results of 578 patients from six different cohorts, and a total of 134 AEs were reported with a pooled proportion of 21%. Finally, in the study of Honap et al., 498 AEs were reported in 2977 patients (17%) resulting in a pooled estimate of incidence rate of 14% [82].



Our meta-analysis of 8529 patients shows similar results, with a pooled incidence rate of 26%. However, it is necessary to emphasise that AEs were reported heterogeneously in the observational studies included. We defined serious AEs following the criteria of the FDA to minimise this bias. Thus, despite the heterogeneity of reported AEs, our study confirms that the proportion of serious AEs was low, and only a minority of them (6.8%) led to discontinuation of ustekinumab treatment.



The limitations of the present study are mainly those associated with observational studies. Firstly, the majority of included studies had a retrospective study design and, as such, were susceptible to bias and confounding. Secondly, it is necessary to underline the high degree of between-study statistical heterogeneity in data analyses. In our systematic review and meta-analysis, data were stratified by study design, population included, administered dose of ustekinumab, and prior treatment with biological drugs. All the performed sub-analyses did not adequately explain between-study heterogeneity.



Nevertheless, our study has several strengths. First, this is the largest and longest real-world meta-analysis evaluating the effectiveness and safety of ustekinumab in CD published to date. Furthermore, we also provide data regarding the need for dose optimisation and its effectiveness, which is also a relevant issue in clinical practice.



In conclusion, our meta-analysis emphasises that ustekinumab is effective and safe for the treatment of refractory CD, and that its clinical benefit seems to be higher in real-life observational studies compared with controlled clinical trials. Finally, dose optimisation of ustekinumab is frequently required in clinical practice, and achieves clinical response in a high percentage of cases.
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Figure 1. PRISMA flowchart of the screening and selection of relevant studies for inclusion in the meta-analysis. 
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Figure 2. Clinical response to ustekinumab in Crohn’s disease: (a) clinical response in the short term (8 w–14 w); (b) clinical response in the medium term (16 w–24 w); (c) clinical response in long term (48 w–52 w). 
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Figure 3. Clinical remission associated with ustekinumab in Crohn’s disease: (a) clinical remission in the short term (8 w–14 w); (b) clinical remission in the medium term (16 w–24 w); (c) clinical remission in the long term (48 w–52 w). 
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Table 1. Baseline characteristics of the studies included in the meta-analysis.
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Authors

	
Year

	
Abstract or

Full Text

	
N

	
Design

	
Period

	
Median

Follow-Up

	
Adult

or

Children

	
Dose UST

(Induction ± Maintenance)

	
Prior IMM

	
Prior Biologic

	
Concomitant CE

	
Concomitant IMM




	
≥1 Biologic

	
Anti-TNF

Failure

	
Anti-TNF +

Vedolizumab

Failure






	
Kopylov [14]

	
2014

	
F

	
38

	
R

	
March 2011 to November 2013

	
32 w

	
Ad

	
sc + 90 mg sc q8w

	
38/38 (100%)

	
38/38 (100%)

	
1 anti-TNF: 38/38 (100%)

≥2 anti-TNF: 36/38 (95%)

	
NR

	
22/38 (57.8%)

	
4/38 (10.6%)




	
Harris [15]

	
2016

	
F

	
45

	
R

	
June 2011 to June 2014

	
12 w

	
Ad

	
sc + 90 mg sc q8w

	
NR

	
45/45 (100%)

	
1 anti-TNF: 45/45 (100%)

≥2 anti-TNF: 44/45 (98%)

	
NR

	
32/45 (71%)

	
29/45 (65%)




	
Khorrami [16]

	
2016

	
F

	
116

	
R

	
March 2011 to December 2014

	
40 w

	
Ad

	
sc + 90 mg sc q8w

	
116/116 (100%)

	
116/116 (100%)

	
1 anti-TNF 116/116 (100%)

≥2 anti-TNF: 101/116 (87.1%)

	
NR

	
37/116 (31.9%)

	
42/116 (36.2%)




	
Battat [17]

	
2017

	
F

	
62

	
P

	
April 2014 to September 2015

	
NR

	
Ad

	
sc+ 90 mg sc q8w

	
NR

	
61/62 (98.4%)

	
1 anti-TNF: 61/62 (98.4%)

	
NR

	
19/62 (30.7%)

	
Thiopurines: 10/62 (16.1%)

Methotrexate: 6/62 (9.7%)




	
Greenup [18]

	
2017

	
F

	
73

	
R

	
May 2013 to November 2016

	
NR

	
Ad

	
sc + 90 mg q8w

	
NR

	
72/73 (99%)

	
1 anti-TNF 72/73 (99%)

≥2 anti-TNF 9/73 (12.5%)

	
NR

	
19/73 (26%)

	
30/73 (42%)




	
Ma (a) [19]

	
2017

	
F

	
167

	
R

	
January 2011 to July 2016

	
45 w

	
Ad

	
sc/IV + 90 mg sc q8w

	
126/167 (75.4%)

	
159/167 (95.2%)

	
1 anti-TNF: 117/167 (70.1%)

≥2 anti-TNF: 93/167 (55.7%)

	
8/167 (4.8%)

	
72/167 (43.1%)

	
73/167 (43.7%)




	
Ma (b) [20]

	
2017

	
F

	
104

	
R

	
January 2011 to July 2016

	
57.2 w

	
Ad

	
90 mg sc q8w-q12w-q6w

	
NR

	
96/104 (92.3%)

	
1 anti-TNF: 96/104 (92.3%)

	
NR

	
40/104 (38.5%)

	
44/104 (42.3%)




	
Wils [21]

	
2018

	
F

	
88

	
R

	
March 2011 to December 2014

	
106.4 w

	
Ad

	
90 mg sc q8w-q12w

	
86/88 (98%)

	
88/88 (100%)

	
1 anti-TNF: 88/88 (100%)

≥2 anti-TNF: 79/88 (90%)

	
0/88 (0%)

	
13/88 (15%)

	
26/88 (30%)




	
Ahmed [22]

	
2019

	
F

	
66

	
R/P

	
2014 to 2017

	
16 w

	
Ad

	
NR

	
Thiopurines: 23/66 (34.8%)

Methotrexate: 7/66 (10.6%)

	
56/66 (84.8%)

	
1 anti-TNF: 56/66 (84.8%)

	
19/66 (28.8%)

	
NR

	
NR




	
Calvo [23]

	
2019

	
A

	
68

	
R

	
April 2010 to April 2019

	
76 w

	
Ad

	
IV + 90 mg sc q8w-q12w

	
61/68 (90%)

	
68/68 (100%)

	
1 anti-TNF: 67/68 (98%)

≥2 anti-TNF: 47/68 (69%)

	
11/68 (16%)

	
12/68 (18%)

	
15/68 (22%)




	
Hernández Camba [24]

	
2019

	
A

	
47

	
R

	
June 2017 to June 2018

	
NR

	
Ad

	
IV + 90 mg sc q12w

	
NR

	
39/47 (82.6%)

	
NR

	
NR

	
NR

	
43/47 (91%)




	
Hoffmann [25]

	
2019

	
F

	
57

	
R

	
December 2016 to March 2018

	
32 w

	
Ad

	
IV + 90 mg sc q8w-q12w

	
47/57 (82.5%)

	
54/57 (94.7%)

	
NR

	
NR

	
20/57 (35.1%)

	
3/57 (5.3%)




	
Iborra [26]

	
2019

	
F

	
407

	
R

	
Since June 2017

	
NR

	
Ad

	
IV + 90 mg sc q4w-q8w-q12w

	
NR

	
389/407 (96%)

	
1 anti-TNF: 389/407 (96%)

≥2 anti-TNF: 248/407 (61%)

	
88/407 (22%)

	
135/407 (33.2%)

	
147/407 (36.1%)




	
Kubesch [27]

	
2019

	
F

	
106

	
R

	
NR

	
49.1 w

	
Ad

	
IV + 90 mg sc q8-q12w

	
95/106 (89.6%)

	
102/106 (96.2%)

	
1 anti-TNF: 55/106 (51.9%)

≥2 anti-TNF: 46/106 (43.4%)

	
36/106 (34.4%)

	
38/106 (35.8%)

	
NR




	
Liefferinckx [28]

	
2019

	
F

	
152

	
R

	
September 2016 to

August 2017

	
NR

	
Ad

	
IV + 90 mg sc q8w

	
NR

	
151/152 (99.3%)

	
1 anti-TNF: 151/152 (99.3%)

≥2 anti-TNF: 124/152 (82%)

	
106/152 (69.7%)

	
68/152 (44.7%)

	
25/152 (16.4%)




	
Lynn [29]

	
2019

	
A

	
594

	
R

	
NR

	
NR

	
Ad

	
NR

	
NR

	
559/594 (94%)

	
1 anti-TNF: 309/594 (52%)

	
238/594 (40%)

	
NR

	
NR




	
Rajagopalan [30]

	
2019

	
A

	
33

	
R

	
May 2017 to January 2019

	
12 w (mean)

	
Ad

	
NR

	
NR

	
31/33 (94%)

	
NR

	
NR

	
NR

	
NR




	
Saman [31]

	
2019

	
F

	
41

	
R

	
December 2016 to July 2018

	
32 w

	
Ad

	
IV + 90 mg sc q8w-q12w

	
38/41 (92.7%)

	
38/41 (92.7%)

	
1 anti-TNF: 28/41 (68.3%)

≥2 anti-TNF: 10/41 (24.4%)

	
10/41 (24.4%)

	
15/41 (36.6%)

	
NR




	
Townsend [32]

	
2020

	
F

	
45

	
R

	
NR

	
NR

	
Ad

	
IV + 90 mg sc q8w

	
NR

	
45/45 (100%)

	
1 anti-TNF: 45/45 (100%)

≥2 anti-TNF: 12 (26.7%)

	
NR

	
19/45 (42.2)

	
16 (35.6)




	
Verstockt [33]

	
2019

	
F

	
86

	
P

	
September 2016 to January 2018

	
32 w

	
Ad

	
IV + 90 mg sc q8w

	
NR

	
82/86 (95.3%)

	
1 anti-TNF: 82 (95.3%)

	
58/86 (67.4%)

	
30/86 (34.9%)

	
2/86 (2.4%)




	
af

Björkesten [34]

	
2020

	
F

	
155

	
R

	
January 2017 to December 2018

	
56.8 w

	
Ad

	
IV + 90 mg sc q8w-q12w

	
57/155 (36.8%)

	
150/155 (96.8%)

	
NR

	
61/155 (39.4%)

	
NR

	
NR




	
Alric [35]

	
2020

	
F

	
107

	
R

	
December 2016 to August 2018

	
NR

	
Ad

	
IV + 90 mg sc q8w-q12w

	
Thiopurines: 94/107 (87.9%)

Methotrexate: 35/107 (32.7%)

	
83/107 (77.6%)

	
1 anti-TNF: 83/107 (77.6%)

≥2 anti-TNF: 58/107 (54.2%)

	
NR

	
30/107 (28%)

	
21/107 (19.6%)




	
Bar-Gil Shitrit [36]

	
2020

	
F

	
106

	
P

	
NR

	
NR

	
Ad

	
IV + 90 mg sc q8w

	
45/106 (41.7%)

	
106/106 (100%)

	
NR

	
NR

	
NR

	
29/106 (26.9%)




	
Bennett [37]

	
2020

	
F

	
96

	
R

	
September 2009 to

November 2017

	
40.3 w (IV

reinduction)

62.9w (sc

reinduction)

	
Ad

	
sc/IV + 90 mg sc q8w

	
NR

	
96/96 (100%)

	
1 anti-TNF: 96/96 (100%)

≥2 anti-TNF: 58/96 (60%)

	
31/96 (32%)

	
33/96 (34.4%)

	
43/96 (44.8%)




	
Biemans [38]

	
2020

	
F

	
221

	
P

	
December 2016 to

January 2019

	
48 w

	
Ad *

	
IV + 90 mg sc q8w-q12w

	
216/221 (97.7%)

	
218/221 (98.6%)

	
1 anti-TNF: 218/221 (98.6%)

≥2 anti-TNF: 162/221 (73.3%)

	
102/221 [46.2]

	
35/221 (15.8%)

	
44/212 (19.9%)




	
Calvo [39]

	
2020

	
A

	
28

	
R

	
April 2017 to April 2019

	
76 w

	
Ad

	
IV + 90 mg sc q8w-q12w

	
NR

	
28/28 (100%)

	
NR

	
NR

	
NR

	
NR




	
Casas [40]

	
2020

	
F

	
69

	
R

	
NR

	
32 w

	
Ad

	
IV/sc + 90 mg sc q8w

	
NR

	
69/69 (100%)

	
NR

	
12/69 (17%)

	
20/69 (29%)

	
15/69 (22%)




	
Gadhok [41]

	
2020

	
A

	
211

	
NR

	
October 2016 to October 2018

	
NR

	
Ad

	
IV + 90 mg sc q8w-q12w

	
NR

	
207/211 (96%)

	
NR

	
NR

	
NR

	
49/211 (23%)




	
Gubbiotti [42]

	
2020

	
A

	
104

	
NR

	
NR

	
32 w

	
Ad

	
IV + 90 mg sc q8w-q12w

	
NR

	
104/104 (100%)

	
NR

	
NR

	
31/104 (29.7%)

	
NR




	
Harris [43]

	
2020

	
F

	
84

	
R

	
Up to

December 2018

	
27,809 (treatment days)

	
Ad

	
IV + 90 mg sc q8w-q12w

	
NR

	
82/84 (97.6%)

	
1 anti-TNF: 81/84 (96.4%)

	
35/84 (42%)

	
6/84 (7.1%)

	
38/84 (45.2%)




	
Kakkadasam [44]

	
2020

	
A

	
76

	
R

	
June 2017 to July 2019

	
61 w

	
Ad

	
IV + 90 mg sc q8w

	
NR

	
50/76 (65.8%)

	
1 anti-TNF: 49/76 (64.5%)

	
10/76 (13.1%)

	
38/76 (50%)

	
32/76 (42.1%)




	
Kopylov [45]

	
2020

	
F

	
142

	
R

	
NR

	
26 w

	
Ad

	
IV + 90 mg sc q8w

	
NR

	
137/142 (96.5%)

	
NR

	
57/142 (40%)

	
34/142 (24%)

	
24/142 (16.9%)




	
López-

Tobaruela [46]

	
2020

	
A

	
37

	
R

	
NR

	
50 w (mean)

	
Ad

	
NR

	
35/37 (94.6%)

	
35/37 (94.6%)

	
1 anti-TNF: 35/37 (94.6%)

≥2 anti-TNF:

23/37 (65.7%)

	
4/37 (10.8%)

	
11/37 (29.7%)

	
12/37 (32.4%)




	
Mohammad [47]

	
2020

	
A

	
123

	
R

	
January 2017 to August 2019

	
NR

	
Ad

	
NR

	
NR

	
98/123 (79.5%)

	
1 anti-TNF: 98/123 (79.5%)

	
21/123 (17.1%)

	
NR

	
NR




	
Monin [48]

	
2020

	
F

	
156

	
R

	
October 2016 to May 2020

	
60 w

	
Ad

	
IV + 90 mg sc q8w

	
111/148 (75.5%)

	
113/148 (76.4%)

	
NR

	
110/148 (74.3%)

	
51/148 (34.5%)

	
20/148 (13.5%)




	
Mozdiak [49]

	
2020

	
A

	
62

	
R

	
NR

	
NR

	
Ad

	
IV + 90 mg sc q8w

	
NR

	
60/62 (97%)

	
NR

	
NR

	
NR

	
19/62 (30.6%)




	
Rayer [50]

	
2020

	
A

	
61

	
R

	
NR

	
67 w (mean)

	
Ad

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Parra [51]

	
2022

	
F

	
245

	
R

	
November 2017 to

November 2019

	
up to 56 w

	
Ad

	
IV + 90 mg sc q8w

	
50/204 (25%)

	
212/245 (86.5%)

	
1 anti-TNF:182/245 (74.3%)

	
NR

	
135/245 (60.5%)

	
54/245 (22.1%)




	
Saldaña [52]

	
2020

	
F

	
61

	
P

	
August 2017 to February 2019

	
NR

	
Ad

	
IV + 90 mg sc q8w

	
NR

	
61/61 (100%)

	
NR

	
9/61 (48%)

	
10/61 (16.4%)

	
16/61 (26.2%)




	
Sánchez-Rodríguez [53]

	
2020

	
A

	
25

	
R

	
June 2017 to May 2019

	
53.3 w

	
Ad

	
IV + 90 mg sc q8w

	
25/25 (100%)

	
24/25 (96%)

	
NR

	
NR

	
NR

	
NR




	
Shim [54]

	
2020

	
A

	
22

	
NR

	
NR

	
NR

	
Both

	
NR

	
NR

	
19/22 (86.4%)

	
NR

	
NR

	
6/22 (27.3%)

	
13/22 (59.1%)




	
Tomasic [55]

	
2020

	
A

	
42

	
R

	
January 2018 to April 2020

	
64 w

	
Ad

	
NR

	
NR

	
0/42 (0%)

	
0/42 (0%)

	
0/42 (0%)

	
NR

	
NR




	
Truyens [56]

	
2020

	
A

	
67

	
R

	
December 2017 to

August 2019

	
60 w

	
Ad

	
IV + 90 mg sc q8w

	
NR

	
62/67 (92.5%)

	
NR

	
NR

	
29/67 (43.3%)

	
14/67 (20.9%)




	
Bokemeyer [57]

	
2021

	
A

	
339

	
P

	
January 2017 to December 2020

	
NR

	
NR

	
NR

	
NR

	
305/339 (90%)

	
NR

	
NR

	
NR

	
NR




	
Casas [58]

	
2021

	
A

	
648

>60 y: 212

<60 y: 436

	
R

	
NR

	
NR

	
NR

	
NR

	
NR

	
>65y: 180/212 (84.8%)

<65y: 421/436 (96.7%)

	
NR

	
NR

	
>65y: 54/212 (25.5%)

<65y: 127/436 (29.3%)

	
NR




	
Cohen [59]

	
2021

	
F

	
11

	
R

	
December 2015 to July 2018

	
24–88 w

	
C

	
sc/IV + 90 mg sc q8w

	
10/11 (90.9%)

	
11/11 (100%)

	
1 anti-TNF: 11/11 (100%)

≥2 anti-TNF: 3/11 (27.3%)

	
NR

	
4/11 (36.4%)

	
4/11 (36.4%)




	
Forss [60]

	
2021

	
F

	
114

	
P

	
January 2017 to November 2018

	
NR

	
Ad

	
IV + 90 mg sc q8w-q12w

	
NR

	
107/112 (94%)

	
NR

	
NR

	
21/114 (18%)

	
26/114 (23%)




	
Garg [61]

	
2021

	
F

	
117

>65 y: 39

<65 y: 78

	
R

	
September 2016 to September 2019

	
>65 y: 70 w (mean)

<65 y: 70 w (mean)

	
Ad

	
IV + 90 mg sc q12w

	
>65y: 19/39 (48.7%)

<65: 41/78 (52.6%)

	
>65y: 37/39 (94.9%)

<65y: 77/78 (98.7%)

	
NR

	
>65y: 0/39 (0%)

<65y: 7/78 (8.6%)

	
>65y: 20/39 (51.3%)

<65y: 37/78 (47.4%)

	
>65y: 2/39 (5.1%)

<65y: 11/78 (14.1%)




	
Gonczi [62]

	
2021

	
F

	
142

	
P

	
January 2019 to May 2020

	
60 w

	
Ad

	
IV + 90 mg sc q12w

	
115/142 (80.9%)

	
138/142 (97.2%)

	
1 anti-TNF: 138/142 (97.2%)

≥2 anti-TNF: 90/142 (63.1%)

	
36/142 (25.5%)

	
48/142 (34%)

	
29/142 (20.2%)




	
Kim [63]

	
2021

	
F

	
38

	
R

	
January 2016 to December 2019

	
62.1 w

	
C *

	
IV + 90 mg sc q8w

	
17/38 (44.7%)

	
38/38 (100%)

	
1 anti-TNF: 38/38 (100%)

≥2 anti-TNF: 13/38 (34.2%)

	
5/38 (13.2%)

	
7/38 (18.4%)

	
NR




	
Lorenzo [64]

	
2021

	
F

	
98

	
R

	
July 2017 to December 2019

	
28 w (mean)

	
Ad

	
IV + 90 mg sc q8w

	
Thiopurines: 81/98 (91%)

Methotrexate: 48/98 (49%)

	
97/98 (99%)

	
NR

	
NR

	
27/98 (27.5%)

	
Thiopurines: 13/98 (13.9%)

Methotrexate: 2/98 (2.0%)




	
Manlay [65]

	
2021

	
F

	
224

	
R

	
July 2014 to May 2020

	
66 w (mean)

	
Ad

	
IV + 90 mg sc q8w

	
Thiopurines: 159/224 (70.9%)

Methotrexate: 39/224 (17.4%)

	
224/224 (100%)

	
NR

	
54/224 (24.1%)

	
59/224 (26.3%)

	
32/224 (14.3%)




	
Miranda [66]

	
2021

	
F

	
92

	
P

	
NR

	
NR

	
Ad

	
IV + 90 mg sc q8w

	
NR

	
85/92 (92.4%)

	
NR

	
6/92 (6.5%)

	
NR

	
NR




	
Plevris [67]

	
2021

	
F

	
216

	
R

	
July 2017 to December 2019

	
35 w

	
Ad

	
IV + 90 mg sc q8w

	
NR

	
213/216 (98.6%)

	
NR

	
NR

	
88/216 (40.7%)

	
55/216 (25.5%)




	
Saiz [68]

	
2021

	
A

	
49

	
R

	
January 2013 to March 2020

	
112 w

	
Ad

	
IV/sc + 90 mg sc q8w

	
NR

	
49/49 (100%)

	
1 anti-TNF: 49/49 (100%)

≥2 anti-TNF: 13/49 (27%)

	
NR

	
NR

	
35/49 (71.4%)




	
Scribano [69]

	
2021

	
F

	
140

	
R

	
November 2018 to February 2020

	
NR

	
Ad

	
IV + 90 mg sc q8w-q12w

	
NR

	
140/140 (100%)

	
1 anti-TNF: 140/140 (100%)

≥2 anti-TNF 38/140 (27.1%)

	
28/140 (20%)

	
22/140 (15.7%)

	
12/140 (8.6%)




	
Sipponen [70]

	
2021

	
F

	
155

	
R

	
January 2017 to December 2018

	
62.8 w (mean,

intensification)

50.8 w (mean,

no intensif.)

	
Ad

	
IV + 90 mg sc q8w-q12w

	
NR

	
150/155 (96.8%)

	
NR

	
NR

	
64/155 (41.3%)

	
51/155 (32.9%)




	
Straatmijer [71]

	
2021

	
F

	
252

	
P

	
NR

	
NR

	
Ad

	
IV + 90 mg sc q8w-q12w

	
NR

	
50/252 (99.2%)

	
1 anti-TNF: 250/252 (99.2%)

≥2 anti-TNF: 184/252 (73%)

	
108/252 (42.9)

	
NR

	
NR




	
Tursi [72]

	
2021

	
F

	
194

	
R

	
Until

December 2019

	
24 w (mean)

	
Ad

	
IV + 90 mg sc q8w

	
121/194 (62.4%)

	
147/194 (75.8%)

	
NR

	
47/194 (24.2%)

	
177/194 (91.2%)

	
NR




	
Viola [73]

	
2021

	
F

	
131

	
P

	
January 2019 to August 2019

	
NR

	
Ad

	
IV + 90 mg sc q8w-q12w

	
NR

	
130/131 (99%)

	
≥2 anti-TNF: 38/131 (29%)

	
46/131 (35%)

	
56/131 (43%)

	
14/131 (11%)




	
Yokoyama [74]

	
2021

	
F

	
341

	
P

	
May 2017 to June 2020

	
NR

	
Ad *

	
IV + 90 mg sc q8w-q12w

	
72/339 (24.8%)

	
245/341 (72.3%)

	
NR

	
1/341 (0.4%)

	
104/339 (30.7%)

	
68/339 (20.1%)




	
Chaparro [75]

	
2022

	
F

	
463

	
R

	
Before July 2018

	
62 w

	
Ad

	
IV + 90 mg sc q8-q12w

	
162/463 (35%)

	
447/463 (96.5%)

	
1 anti-TNF: 374/463 (83.7%)

	
109/463 (24.4%)

	
NR

	
162/463 (35%)




	
Lenti [76]

	
2022

	
F

	
259

	
R

	
NR

	
NR

	
Ad

	
NR

	
NR

	
209/259 (80.7%)

	
NR

	
78/259 (30.1%)

	
NR

	
NR








* Adult and children. F: full text; A: abstract; P: prospective; R: retrospective; Ad: adult; C: children; IV: intravenous; sc: subcutaneous; NR: not reported; CE: corticosteroids; anti-TNF: anti-tumour necrosis factor; IMM: immunomodulators; UST: ustekinumab.
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Table 2. Effectiveness of ustekinumab.






Table 2. Effectiveness of ustekinumab.





	
Authors

	
Clinical Response

	
Clinical Remission

	
CE-Free Clinical Remission

	
Endoscopic

Remission




	
w8–w14

	
w24–w36

	
w48–w52

	
w52–w104

	
w8–w14

	
w24–w36

	
w48–w52

	
w52–w104

	
w8–w14

	
w24–w36

	
w48–w52

	
w52–w104

	
w24–w36

	
w48–w52






	
Kopylov [14]

	
28/38 (73.7%)

	
20/31 (64.5%)

	
9/19 (47.4%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
2/13 (15.4%)

	
NR




	
Harris [15]

	
17/37

(46%)

	
NR

	
NR

	
NR

	
13/37

(35%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Khorrami [16]

	
97/116 (73.6%)

	
81/106 (76.4%)

	
56/88 (63.6%)

	
NR

	
33/116 (28.4%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Battat [17]

	
NR

	
50/62 (80.7%)

	
NR

	
NR

	
NR

	
41/62 (66.1%)

	
NR

	
NR

	
NR

	
31/62

(50%)

	
NR

	
NR

	
11/56 (19.6%)

	
NR




	
Greenup [18]

	
38/68

(56%)

	
NR

	
21/29

(72%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
9/19

(47%)

	
NR

	
NR

	
NR

	
NR

	
NR




	
Ma (a) [19]

	
65/167 (38.9%)

	
NR

	
NR

	
NR

	
25/167 (15%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
31/111 (27.9%)

	
NR

	
NR

	
25/92 (27.2%)




	
Ma (b) [20]

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
36/94 (38.3%)




	
Wils [21]

	
NR

	
NR

	
NR

	
47/47

(100%)

	
NR

	
NR

	
21/47

(45%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Ahmed [22]

	
33/66

(50%)

	
NR

	
NR

	
NR

	
18/65 (27.2%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Calvo [23]

	
53/68

(78%)

	
39/41

(95%)

	
22/22 (100%)

	
NR

	
31/68

(45%)

	
21/41

(71%)

	
18/22

(82%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Hernández-Camba [24]

	
NR

	
NR

	
NR

	
NR

	
24/47 (51.6%)

	
NR

	
20/47

(42%)

	
NR

	
38/47

(80%)

	
NR

	
NR

	
NR

	
NR

	
NR




	
Hoffmann [25]

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
20/57 (35.1%)

	
NR

	
NR

	
0/6

(0%)

	
7/17 (41.1%)




	
Iborra [26]

	
NR

	
218/295 (73.9%)

	
225/295 (76.3%)

	
NR

	
NR

	
169/295 (57.3%)

	
190/295 (64.4%)

	
NR

	
NR

	
NR

	
80/135 (59%)

	
NR

	
NR

	
25/159 (15.7%)




	
Kubesch [27]

	
51/93 (54.8%)

	
37/93 (39.8%)

	
48/93 (51.6%)

	
23/93 (24.7%)

	
24/93 (24.7%)

	
19/93 (20.4%)

	
25/93 (26.9%)

	
16/93 (17.2%)

	
18/93 (19.3%)

	
NR

	
19/93

(20.4%)

	
NR

	
NR

	
NR




	
Liefferinckx [28]

	
90/152 (59.2%)

	
79/152 (51.9%)

	
64/152 (42.1%)

	
NR

	
44/152 (28.2%)

	
47/152 (30.9%)

	
39/152 (25.7%)

	
NR

	
30/152 (19.7%)

	
41/152 (26.9%)

	
37/152 (24.3%)

	
NR

	
NR

	
NR




	
Lynn [29]

	
NR

	
NR

	
NR

	
NR

	
NR

	
77/594 (13%)

	
130/594 (22%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
101/594 (17%)

	
202/594 (34%)




	
Rajagopalan [30]

	
NR

	
NR

	
NR

	
NR

	
31/33

(96%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Saman [31]

	
NR

	
24/41 (58.3%)

	
NR

	
NR

	
NR

	
14/41 (34.1%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Townsend [32]

	
22/45 (48.9%)

	
22/45 (48.9%)

	
24/45 (53.3%)

	
NR

	
16/45 (35.6%)

	
18/45

(40%)

	
19/45 (42.2%)

	
NR

	
13/45 (28.9%)

	
17/45 (37.8%)

	
19/45 (42.2%)

	
NR

	
NR

	
NR




	
Verstockt [33]

	
NR

	
NR

	
NR

	
NR

	
31/86

(36%)

	
34/86 (39.5%)

	
NR

	
NR

	
27/86 (31.4%)

	
33/86 (38.4%)

	
NR

	
NR

	
6/86

(7.1%)

	
NR




	
af Björkesten [34]

	
NR

	
NR

	
NR

	
NR

	
NR

	
55/78 (70.5%)

	
30/43 (69.8%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
6/17 (35.3%)

	
6/18 (33.3%)




	
Alric [35]

	
NR

	
NR

	
NR

	
NR

	
45/107 (42.3%)

	
NR

	
58/107 (54.4%)

	
NR

	
41/107 (38.2%)

	
NR

	
48/107 (44.7%)

	
NR

	
NR

	
NR




	
Bar-Gil Shitrit [36]

	
NR

	
55/106 (52%)

	
NR

	
NR

	
NR

	
3/106 (31.1%)

	
NR

	
NR

	
NR

	
4/37 (10.8%)

	
NR

	
NR

	
NR

	
NR




	
Bennett [37]

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
13/51

(25%)

	
NR




	
Biemans [38]

	
73/153 (47.7%)

	
70/152 (46.1%)

	
56/132 (42.4%)

	
NR

	
47/153 (30.7%)

	
61/152 (40.1%)

	
52/132 (39.4%)

	
NR

	
37/153 (24.2%)

	
58/152 (38.2%)

	
49/132 (37.1%)

	
NR

	
NR

	
NR




	
Calvo [39]

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
18/28

(18%)




	
Casas [40]

	
NR

	
62/69 (89.9%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
5/69

(7%)

	
NR

	
NR

	
NR

	
NR




	
Gadhok [41]

	
97/211 (46.2%)

	
67/211 (31.9%)

	
53/211 (25.3%)

	
NR

	
92/211 (43.5%)

	
63/211 (29.7%)

	
54/211 (25.7%)

	
NR

	
85/211 (40.3%)

	
59/211 (28.1%)

	
54/211 (25.7%)

	
NR

	
NR

	
NR




	
Gubbiotti [42]

	
NR

	
NR

	
NR

	
NR

	
NR

	
65/104 (62.3%)

	
NR

	
NR

	
NR

	
53/104 (50.7%)

	
NR

	
NR

	
NR

	
NR




	
Harris [43]

	
NR

	
38/72

(53%)

	
35/49

(71%)

	
NR

	
NR

	
6/72

(8%)

	
7/49

(14%)

	
NR

	
NR

	
NR

	
31/49

(65%)

	
NR

	
NR

	
NR




	
Kakkadasam [44]

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
35/76

(46%)

	
NR

	
NR

	
NR

	
NR




	
Kopylov [45]

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
López-Tobaruela [46]

	
12/29 (41.4%)

	
12/24

(50%)

	
11/18 (61.1%)

	
NR

	
6/29 (20.7%)

	
8/24 (33.3%)

	
5/18 (27.8%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Mohammad [47]

	
NR

	
NR

	
108/123 (88%)

	
NR

	
NR

	
NR

	
43/123 (35%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Monin [48]

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Mozdiak [49]

	
43/62

(69%)

	
NR

	
NR

	
NR

	
NR

	
32/62

(52%)

	
43/62

(69%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Rayer [50]

	
45/61

(74%)

	
NR

	
NR

	
NR

	
20/61

(33%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Parra [51]

	
189/239 (79.1%)

	
NR

	
NR

	
NR

	
98/239 (41%)

	
165/239 (68.9%)

	
209/235 (87.3%)

	
NR

	
NR

	
NR

	
80/135 (59.3%)

	
NR

	
NR

	
NR




	
Saldaña [52]

	
NR

	
24/35 (69.9%)

	
9/12

(75%)

	
NR

	
NR

	
16/35 (45.7%)

	
7/12 (58.3%)

	
NR

	
NR

	
16/35 (45.7%)

	
7/12 (58.3%)

	
NR

	
NR

	
NR




	
Sánchez-Rodríguez [53]

	
20/25

(80%)

	
20/24 (83.3%)

	
NR

	
NR

	
10/25

(40%)

	
9/24 (37.5%)

	
NR

	
NR

	
6/25 (24%)

	
7/24 (29.2%)

	
16/18 (88.9%)

	
NR

	
NR

	
NR




	
Shim [54]

	
NR

	
NR

	
NR

	
NR

	
5/22 (22.7%)

	
9/18

(50%)

	
5/9

(55.6%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
2/5

(40%)




	
Tomasic [55]

	
NR

	
35/42

(84%)

	
NR

	
30/42 (71.4%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
16/42 (38.1%)

	
NR

	
15/42 (35.7%)

	
NR

	
NR




	
Truyens [56]

	
38/52 (73.1%)

	
43/54 (79.6%)

	
28/42 (66.7%)

	
NR

	
4/52

(7.7%)

	
11/54 (20.4%)

	
14/42 (42.4%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
1/16

(6.3%)

	
2/16 (12.5%)




	
Bokemeyer [57]

	
NR

	
NR

	
NR

	
NR

	
NR

	
222/339 (65.5%)

	
NR

	
NR

	
NR

	
181/339 (53.4%)

	
NR

	
NR

	
NR

	
NR




	
Casas (a) [58]

	
NR

	
150/212 (70.5%)

	
157/212 (74%)

	
NR

	
NR

	
NR

	
-

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Casas (b) [58]

	
NR

	
334/436 (76.6%)

	
327/436 (74.9%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Cohen [59]

	
NR

	
NR

	
5/11 (45.5%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Forss [60]

	
NR

	
38/96 (40%)

	
NR

	
NR

	
NR

	
25/96

(26%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Garg (a) [61]

	
NR

	
18/39 (46.2%)

	
NR

	
NR

	
NR

	
11/39 (28.2%)

	
NR

	
NR

	
NR

	
6/20

(30%)

	
NR

	
NR

	
18/71 (25.9%)

	
NR




	
Garg (b) [61]

	
NR

	
18/78 (23.1%)

	
NR

	
NR

	
NR

	
41/78 (52.6%)

	
NR

	
NR

	
NR

	
20/37 (54.1%)

	
NR

	
NR

	
21/71 (29.5%)

	
NR




	
Gonczi [62]

	
107/137 (78.1%)

	
106/136 (77.9%)

	
84/122 (69%)

	
NR

	
79/137 (57.7%)

	
88/136 (64.7%)

	
58/100 (58%)

	
NR

	
56/128 (43.8%)

	
76/132 (57.6%)

	
47/92 (51.1%)

	
NR

	
NR

	
NR




	
Kim [63]

	
NR

	
NR

	
NR

	
NR

	
NR

	
7/38 (18.4%)

	
NR

	
23/38 (60.5%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Lorenzo [64]

	
58/84 (69%)

	
50/61 (82%)

	
32/43 (73.7%)

	
NR

	
34/84 (40.8%)

	
34/61 (56%)

	
26/43 (60.5%)

	
NR

	
27/84 (32.4%)

	
27/61 (44%)

	
20/43 (47.4%)

	
NR

	
NR

	
NR




	
Manlay [65]

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
111/198 (56.1%)

	
100/161 (62.1%)

	
104/206 (50.6%)

	
NR

	
NR

	
NR




	
Miranda [66]

	
NR

	
NR

	
38/75 (50,5%)

	
NR

	
NR

	
NR

	
29/75

(39%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
26/75

(34%)




	
Plevris [67]

	
98/216 (45.4%)

	
NR

	
NR

	
NR

	
13/216 (6%)

	
15/108 (13.5%)

	
13/41

(32%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
7/67 (10.8%)

	
6/19 (32.7%)




	
Saiz [68]

	
NR

	
NR

	
40/43

(93%)

	
13/21 (62%) *

	
NR

	
NR

	
37/43

(86%)

	
11/21 (52%) *

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Scribano [69]

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
85/140 (61%)

	
46/140 (64.2%)

	
NR

	
NR

	
NR




	
Sipponen [70]

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Straatmijer [71]

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
81/251 (32.3%)

	
104/251 (41.4%)

	
97/249 (39%)

	
84/247 (34%)

	
NR

	
NR




	
Tursi [72]

	
NR

	
NR

	
NR

	
NR

	
146/194 (75.2%)

	
135/194 (69.9%)

	
NR

	
NR

	
NR

	
115/191 (59.3%)

	
NR

	
NR

	
33/62 (53.2%)

	
NR




	
Viola [73]

	
75/131 (68%)

	
75/117 (64%)

	
45/76

(59%)

	
NR

	
NR

	
47/117 (40%)

	
33/76

(43%)

	
NR

	
46/131 (35%)

	
NR

	
73/76

(96%)

	
NR

	
NR

	
NR




	
Yokoyama [74]

	
115/130 (88.5%)

	
NR

	
NR

	
NR

	
63/130 (48.5%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Chaparro [75]

	
268/463

(58%)

	
320/457 (70%)

	
NR

	
NR

	
204/463 (44%)

	
256/457 (56%)

	
NR

	
113/272 (41.5%)

	
NR

	
247/463 (53.3%)

	
222/437 (50.8%)

	
97/272 (35.7%)

	
NR

	
NR




	
Lenti [76]

	
173/259 (66.8%)

	
NR

	
97/259 (37.5%)

	
NR

	
89/259 (34.4%)

	
NR

	
63/259 (24.3%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR








* CE: corticosteroids; NR: not reported.
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Table 3. Loss of response to ustekinumab and frequency and effectiveness of ustekinumab dose optimisation.
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	Author
	Loss of Response Rate

(n/N, %)
	Median Time

to Loss of

Response
	Dose Optimisation

(Dose Escalation and/or Intensification) **
	Time to Dose Optimisation

(Median)
	Effectiveness of

Dose Optimisation





	Kopylov [14]
	NR
	NR
	Dose escalation: 18/38 (47.4%)
	NR
	11/18 (61.1%)



	Harris [15]
	2/45 (4.4%)
	NR
	NR
	NR
	NR



	Khorrami [16]
	29/116 (25%)
	NR
	Intensification: 11/116 (9.5%)
	NR
	8/11 (73%)



	Greenup [18]
	12/42 (8.6%)
	88 w
	Intensification: 16/62 (25.8%)
	NR
	3/16 (19%)



	Ma (a) [19]
	15/167 (9%)
	29.3 w
	NR
	NR
	NR



	Ma (b) [20]
	35/104 (33.7%)
	47.4 w
	Dose optimisation: 24/104 (23%)

* Dose escalation: 17/104 (16.3%)

* IV reinduction + dose escalation: 7/104 (6.7%)
	Dose escalation: 49.6 w

IV reinduction + dose escalation: 84.3 w
	Clinical response:

* Dose escalation: 9/17 (52.9%)

* IV reinduction + dose escalation: 4/7 (57.1%)



	Wils [21]
	27/88 (30.7%)
	NR
	32/88 (36.4%)
	106.4 w
	18/36 (56%)



	Calvo [23]
	6/68 (8.8%)
	20 w
	Intensification: 8/68 (15%)
	52 w
	Clinical response: 4/8 (50%)

Clinical remission: 1/8 (13%)



	Hernández-Camba [24]
	14/47 (30%)
	26.8 w (mean)
	Dose escalation: 38/47 (80%)
	NR
	NR



	Hoffmann [25]
	5/48 (10.4%)
	24 w
	NR
	NR
	NR



	Iborra [26]
	49/407 (12%)
	NR
	Dose optimisation: 114/407 (28%)

* Dose escalation: 12/407 (2.9%)

* Intensification: 102/407 (25.1%)
	NR
	NR



	Kubesch [27]
	8/106 (7.5%)
	NR
	Intensification: 4/106 (3.8%)
	NR
	NR



	Liefferinckx [28]
	41/152 (27%)
	NR
	Intensification: 10/152 (6.6%)
	NR
	10/10 (100%)



	Rajagopalan [30]
	8/33 (24.2%) *
	52 w
	NR
	NR
	NR



	Saman [31]
	3/41 (7.3%)
	NR
	NR
	NR
	NR



	Verstockt [33]
	31/86 (36%)
	24 w
	NR
	NR
	NR



	Af Björkesten [34]
	17/155 (11%)
	104 w
	NR
	NR
	NR



	Alric [35]
	NR
	NR
	Intensification: 32/107 (30.1%)
	58w
	NR



	Bar-Gil Shitrit [36]
	7/106 (6.6%)
	24 w
	NR
	NR
	NR



	Bennett [37]
	23/96 (16.7%)
	20.6 w
	Intensification: 34/96 (35.4%)
	NR
	Endoscopic response: 7/14 (50%).

Endoscopic remission: 5/14 (35.7%).



	Biemans [38]
	59/221 (26.7%)
	24.6 w
	Dose optimisation: 38/221 (17.2%)

* Dose escalation: 31/221 (14%)

* Intensification: 7/221 (3.2%)
	48 w
	CE free clinical remission

* Dose escalation: 17/31 (54.8%)

Clinical remission:

* Intensification: 3/7 (42.9%)



	Casas [40]
	NR
	NR
	Intensification: 10/69 (14%)
	NR
	NR



	Gadhok [41]
	10/211 (4.7%)
	NR
	NR
	NR
	NR



	Gubbiotti [42]
	NR
	NR
	Dose escalation: 84/104 (80.9%)
	32 w
	NR



	Harris [43]
	7/84 (8.3%)
	36.6 w
	Intensification: 8/84 (9.5%)
	NR
	1/8 (12.5%)



	Kakkadasam [44]
	7/84 (8.3%)
	36.6 w
	22/76 (29%)
	52.5 w
	NR



	Kopylov [45]
	31/98 (31.6%)
	26 w
	Intensification:

* q8w-q4w: 91/142 (64.1%)

* q8w-q6w: 20/142 (14.1%)

* IV reinduction: 14/142 (12%)

* IV reinduction + interval shortening: 17/142 (12%)
	29 w (mean)
	Clinical response w16 from dose optimisation: 73/142 (51.4%)

Clinical remission w16 from dose optimisation: 55/142 (38.7%)

CE free clinical remission w16 from dose optimisation: 6/34 (17.6%)

Endoscopic response 24w from dose optimisation: 10/23 (43.4%)

Mucosal healing 24w from dose optimisation: 2/23 (8.6%)

Clinical response w52 from dose optimisation: 51/98 (52%)

Clinical remission w52 from dose optimisation: 41/98 (42%)

CE free clinical remission w52 from dose optimisation: 9/34 (26.5%)



	López-Tobaruela [46]
	NR
	NR
	Intensification: 11/37 (29.7%)

* q6w/q4w: 7/37 (18.9%)

* IV reinduction: 4/37 (10.8%)
	NR
	NR



	Monin [48]
	17/118 (14.4%)
	59.6 w
	Intensification: 17/118 (14.4%)
	NR
	NR



	Parra [51]
	17/39 (43.6%)
	NR
	Intensification:

* q8w-q4w: 8/245 (3.2%)
	NR
	4/8 (50%)



	Saldaña [52]
	11/35 (31.4%)

3/12 (25%)
	24 w

52 w
	Intensification: 6/35 (17%)

*q8w-q4w: 4/35 (11.3%)

* q8w-q6w: 2/35 (5.7%)
	24 w
	NR



	Sánchez-Rodríguez [53]
	0/25 (0%)
	NR
	NR
	NR
	NR



	Tomasic [55]
	5/42 (11.9%)
	64 w (mean)
	13/42 (31%)
	NR
	NR



	Truyens [56]
	3/67 (4.5%)
	27.5 w
	Intensification: 29/67 (43.3%)

* IV reinduction: 2/67 (3%)

* Shortening dosage interval: 16/67 (23.9%)

* IV reinduction + shortening interval: 11/67 (16.4%)
	NR
	Clinical response: 15/22 (68.2%)

Clinical remission: 5/22 (22.7%)



	Cohen [59]
	6/11 (54.5%)
	2–24 m
	Intensification: 9/11 (81.8%)
	8–52 w
	Clinical remission: 3/9 (33.3%)



	Forss [60]
	6/114 (5.3%)
	16 w
	NR
	NR
	NR



	Garg [61]
	(a) Elderly patients: 3/39 (7.7%)

(b) Young patients: 9/78 (11.5%)
	NR
	Dose escalation:

(a) Elderly patients: 7/39 (17.9%)

(b) Young patients: 20/78 (25.6%)
	NR
	NR



	Gonczi [62]
	14/142 (9.9%)
	60 w
	Dose optimisation: 77/142 (54.2%)

Dose escalation: 61/142 (43%)

Intensification: 16/142 (11.2%)
	NR
	NR



	Kim [63]
	5/38 (13.2%)
	62.1 w
	Intensification: 18/38 (47.4%):

* q8w-q4w: 15/38 (39.5%)

* q8w-q6w: 1/38 (2.6%)

* IV reinduction: 2/38 (5.3%)
	NR
	Clinical remission: 11/18 (61.1%)



	Lorenzo [64]
	12/98 (12.2%)
	36 w (mean)
	NR
	NR
	NR



	Manlay [65]
	NR
	NR
	Intensification: 96/224 (42.9%)
	NR
	NR



	Plevris [67]
	NR
	NR
	Dose optimisation: 30/216 (13.9%)

* Dose escalation: 11/216 (5.1%)

* Intensification q8w-q6w: 4/216 (1.9%)

* Intensification q8w-q4w: 15/216 (6.9%)
	NR
	NR



	Saiz [68]
	7/49 (14.3%)
	NR
	16/49 (33%)
	NR
	NR



	Sipponen [70]
	15/155 (9.7%)
	16 w
	47/140: 33.6%

* Dose escalation: 22/140 (15.7%)

* Intensification: 25/140 (17.9%)
	NR
	41/47 (87.2%)



	Straatmijer [71]
	167/251 (66.7%)
	52 w
	NR
	NR
	NR



	Tursi [72]
	NR
	NR
	Intensification: 1/194 (0.5%)
	NR
	NR



	Viola [73]
	13/131 (9.9%)
	52 w
	NR
	NR
	NR



	Chaparro [75]
	13/456 (12.7%)
	60 w
	Dose optimisation: 121/463 (26.1%)

* Dose escalation: 21/463 (4.5%)

* Intensification: 100/463 (21.6%)
	NR
	Clinical remission: 63/80 (78.8%)

* Dose escalation: 16/20 (80%)

* Intensification (q8w-q4w): 42/54 (77.8%)

* IV reinduction: 5/6 (83.3%)



	Lenti [76]
	65/259 (25%)
	NR
	NR
	NR
	NR







* Primary or secondary loss of response. ** Dose escalation: shortening of the administration interval from every 12 weeks to every 8 weeks; dose intensification: shortening of the ustekinumab administration interval to less than 8 weeks (every 4 or 6 weeks), or administration of a reinduction IV dose of ustekinumab. IV: intravenous; NR: not reported.
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Table 4. Safety of ustekinumab.
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	Authors
	AEs
	Patients with AEs
	AEs Requiring Ustekinumab

Discontinuation
	SAEs
	Infections
	Arthralgia

or Myalgia
	Skin

Reactions
	Infusion or

Allergic

Reaction
	Headache
	Malignancy
	Others





	Kopylov [14]
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Harris [15]
	5/45 (11.1%)
	5/45 (11.1%)
	NR
	NR
	4/45 (8.9%)
	0
	1/45 (2.2%)
	0
	0
	0
	0



	Khorrami [16]
	14/116 (12.1%)
	11/116 (9.5%)
	0/116 (0%)
	0/116 (0%)
	3/116 (2.6%)
	1/116 (0.8%)
	1/116 (0.8%)
	0/116 (0%)
	2/116 (1.7%)
	0/116 (0%)
	4/116 (3.4%)



	Battat [17]
	43/62 (69.4%)
	43/62 (69.4%)
	2/62 (3.2%)
	2/62 (3.2%)
	3/62 (4.8%)
	8/62 (12.9%)
	5/62 (8.1%)
	0/62 (0%)
	14/62 (22.5%)
	2/62 (3.2%)
	11/62 (17.7%)



	Greenup [18]
	18/73 (24.7%)
	18/73 (24.7%)
	NR
	NR
	4/73 (5.5%)
	6/73 (8.2%)
	2/73 (2.7%)
	1/73 (1.4%)
	4/73 (5.5%)
	0/73 (0%)
	1/73 (1.4%)



	Ma (a) [19]
	61/167 (36.5%)
	53/167 (31.1%)
	11/167 (6.6%)
	11/167 (6.6%)
	20/167 (12%)
	19/167 (11.4%)
	3/167 (1.8%)
	11/167 (6.6%)
	6/167 (3.6%)
	0/67 (0%)
	2/167 (1.2%)



	Ma (b) [20]
	34/104 (32.7%)
	34/104 (32.7%)
	1/104 (1%)
	NR
	12/104 (11.5%)
	13/104 (12.5%)
	NR
	NR
	NR
	NR
	1/104 (1%)



	Wils [21]
	NR
	NR
	5/88 (5.7%)
	1/88 (1.1%)
	2/88 (2.2%)
	1/88 (1.1%)
	1/88 (1.1%)
	NR
	NR
	1/88 (1.1%)
	NR



	Ahmed [22]
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	_
	NR
	NR



	Calvo [23]
	0/68 (0%)
	0/68 (0%)
	0/68 (0%)
	0/68 (0%)
	0/68 (0%)
	0/68 (0%)
	0/68 (0%)
	0/68 (0%)
	0/68 (0%)
	0/68 (0%)
	0/68 (0%)



	Hernández-Camba [24]
	1/47 (2.1%)
	1/47 (2.1%)
	NR
	NR
	1/47 (2.1%)
	0/47 (0%)
	0/47 (0%)
	0/47 (0%)
	0/47 (0%)
	0/47 (0%)
	0/47 (0%)



	Hoffmann [25]
	140/57 (245.6%)
	140/57 (245.6%)
	NR
	NR
	24/57 (42.1%)
	24/57 (42.1%)
	18/57 (31.6%)
	0/57 (0%)
	11/57 (19.3%)
	0/57 (0%)
	63/57 (110.5%)



	Iborra [26]
	71/407 (17.4%)
	60/407 (14.7%)
	NR
	NR
	40/407 (9.8%)
	5/407 (1.2%)
	5/407 (1.2%)
	0/407 (0%)
	2/407 (0.5%)
	1/407 (0.25%)
	18/407 (4.4%)



	Kubesch [27]
	3/106 (2.8%)
	3/106 (2.8%)
	0/106 (0%)
	0/106 (0%)
	2/106 (1.9%)
	0/106 (0%)
	0/106 (0%)
	0/106 (0%)
	0/106 (0%)
	0/106 (0%)
	1/106 (0.9%)



	Liefferinckx [28]
	11/152 (7.2%)
	11/152 (7.2%)
	1/152 (0.7%)
	
	6/152 (3.9%)
	2/152 (1.3%)
	0/152 (0%)
	1/152 (0.7%)
	0/152 (0%)
	0/152 (0%)
	2/152 (1.3%)



	Lynn [29]
	56/594 (9.4%)
	56/594 (9.4%)
	NR
	NR
	51/594 (8.6%)
	NR
	NR
	NR
	NR
	NR
	5/594 (0.8%)



	Rajagopalan [30]
	3/33 (9%)
	3/33 (9%)
	NR
	NR
	1/33 (3%)
	2/33 (6%)
	0/33 (0%)
	0/33 (0%)
	0/33 (0%)
	0/33 (0%)
	0/33 (0%)



	Saman [31]
	2/41 (4.8%)
	2/41 (4.8%)
	2/41 (4.8%)
	0/41 (0%)
	0/41 (0%)
	1/41 (2.4%)
	1/41 (2.4%)
	0/41 (0%)
	0/41 (0%)
	0/41 (0%)
	0/41 (0%)



	Townsend [32]
	NR
	NR
	7/45 (15.6%)
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Verstockt [33]
	12/86 (14%)
	12/86 (14%)
	5/86 (5.8%)
	NR
	6/86 (7%)
	2/86 (2.4%)
	1/86 (1.2%)
	0/86 (0%)
	0/86 (0%)
	0/86 (0%)
	3/86 (3.5%)



	af Björkesten [34]
	5/155 (3.2%)
	NR
	5/155 (3.2%)
	NR
	3/155 (1.9%)
	0/155 (0%)
	0/155 (0%)
	0/155 (0%)
	0/155 (0%)
	1/155 (0.6%)
	1/155 (0.6%)



	Alric [35]
	25/107 (23.4%)
	21/107 (19.6%)
	1/107 (0.9%)
	NR
	12/107 (11.2%)
	1/107 (0.9%)
	6/107 (5.6%)
	0/107 (0%)
	1/107 (0.9%)
	1/107 (0.9%)
	4/107 (3.7%)



	Bar-Gil Shitrit [36]
	15/106 (14.2%)
	15/106 (14.2%)
	3/106 (2.8%)
	0/106 (0%)
	0/106 (0%)
	4/106 (3.6%)
	3/106 (2.8%)
	0/106 (0%)
	1/106 (0.9%)
	0/106 (0%)
	7/106 (6.6%)



	Bennett [37]
	5/96 (5.2%)
	5/96 (5.2%)
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Biemans [38]
	110/221 (49.8%)
	110/221(49.8%)
	8/221 (3.6%)
	NR
	70/221 (31.7%):
	5/221 (2.3%)
	13/221 (5.9%)
	1/221 (0.4%)
	7/221 (3.2%)
	0/221 (0%)
	14/221 (6.3%)



	Calvo [39]
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Casas [40]
	4/69 (5.8%)
	4/69 (5.8%)
	0/69 (0%)
	0/69 (0%)
	0/69 (0%)
	1/69 (1.4%)
	2/69 (2.9%)
	0/69 (0%)
	0/69 (0%)
	0/69 (0%)
	1/69 (1.4%)



	Gadhok [41]
	27/211 (12.8%)
	27/211 (12.8%)
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Gubbiotti [42]
	3/104 (2.9%)
	3/104 (2.9%)
	2/104 (1.9%)
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Harris [43]
	21/84 (25%)
	21/84 (25%)
	3/84 (3.6%)
	20/84 (23.8%)
	4/84 (4.8%)
	0/84 (0%)
	1/84 (1.2%)
	0/84 (0%)
	0/84 (0%)
	0/84 (0%)
	16/84 (19%)



	Kakkadasam [44]
	1/76 (1.3%)
	1/76 (1.3%)
	1/76 (1.3%)
	0/76 (0%)
	0/76 (0%)
	1/76 (1.3%)
	0/76 (0%)
	0/76 (0%)
	0/76 (0%)
	0/76 (0%)
	0/76 (0%)



	Kopylov [45]
	11/142 (7.7%)
	11/142 (7.7%)
	1/142 (0.7%)
	1/142 (0.7%)
	5/142 (3.5%)
	0/142 (0%)
	2/142 (1.4%)
	0/142 (0%)
	0/142 (0%)
	2 (1.4%)
	2 (1.4%)



	López-Tobaruela [46]
	3/37 (8.1%)
	3/37 (8.1%)
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Mohammad [47]
	16/123 (13%)
	16/123 (13%)
	NR
	NR
	13/123 (1%)
	NR
	NR
	NR
	NR
	NR
	NR



	Monin [48]
	26/156 (17.1%)
	26/156 (17.1%)
	9/156 (5.8%)
	7/156 (4.6%)
	26/156 (17.1%)
	NR
	NR
	NR
	NR
	NR
	NR



	Mozdiak [49]
	8/62 (13%)
	8/62 (13%)
	NR
	3/62 (4.8%)
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Rayer [50]
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Parra [51]
	60/245 (24.5%)
	48/245 (19.6%)
	8/245 (3.2%)
	8/245 (3.2%)
	14/245 (5.7%)
	2/245 (0.8%)
	9/245 (3.7%)
	NR
	3/245 (1.2%)
	0/245 (0%)
	NR



	Saldaña [52]
	NR
	NR
	2/61 (3.3%)
	11/61 (18%)
	1/61 (1.6%)
	NR
	NR
	NR
	NR
	NR
	10/61 (16.4%)



	Sánchez-Rodríguez [53]
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Shim [54]
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	0/22 (0%)
	NR
	0/22 (0%)
	NR



	Tomasic [55]
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Truyens [56]
	2/67 (3%)
	2/67 (3%)
	2/67 (3%)
	NR
	0/67 (0%)
	0/67 (0%)
	0/67 (0%)
	0/67 (0%)
	0/67 (0%)
	1/67 (1.5%)
	1/67 (1.5%)



	Bokemeyer [57]
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Casas [58]
	79/648 (12.2%)

* Elderly: 30/212 (14.2%)

* Young: 49/436 (11.2%)
	79/648 (12.2%)
	47/648 (7.3%)
	NR
	NR
	NR
	NR
	NR
	NR
	* Elderly: 9/212 (4.3%)

* Young: 3/436 (0.69%)
	NR



	Cohen [59]
	0/11 (0%)
	0/11 (0%)
	0/11 (0%)
	0/11 (0%)
	0/11 (0%)
	0/11 (0%)
	0/11 (0%)
	0/11 (0%)
	0/11 (0%)
	0/11 (0%)
	0/11 (0%)



	Forss [60]
	NR
	NR
	NR
	0/114 (0%)
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Garg [61]
	14/117 (12%)

* Elderly: 3/39 (7.7%)

* Young: 11/78 (14.1%)
	14/117 (12%)
	3/117 (2.6%)
	NR
	8/117 (6.8%)

* Elderly: 2/39 (5.2%)

* Young: 6/78 (7.7%)
	0/117 (0%)
	0/117 (0%)
	6/117 (5.1%)

* Elderly: 1/39 (2.5%)

* Young: 5/78 (6.4%)
	0/117 (0%)
	0/117 (0%)
	0/117 (0%)



	Gonczi [62]
	5/142 (3.5%)
	5/142 (3.5%)
	2/142 (1.4%)
	0/142 (0%)
	0/142 (0%)
	1/142 (0.7%)
	4/142 (2.8%)
	0/142 (0%)
	0/142 (0%)
	0/142 (0%)
	0/142 (0%)



	Kim [63]
	4/38 (10.5%):
	4/38 (10.5%):
	0/38 (0%)
	1/38 (2.6%)
	3/38 (7.9%)
	0/38 (0%)
	0/38 (0%)
	1/38 (2.6%)
	0/38 (0%)
	0/38 (0%)
	0/38 (0%)



	Lorenzo [64]
	4/98 (4%):
	4/98 (4%):
	0/98 (0%)
	0/98 (0%)
	1/98 (1%)
	0/98 (0%)
	1/98 (1%)
	1/98 (1%)
	0/98 (0%)
	0/98 (0%)
	1/98 (1%)



	Manlay [65]
	NR
	NR
	11/224 (4.9%)
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Miranda [66]
	NR
	NR
	NR
	0/92 (0%)
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Plevris [67]
	NR
	NR
	NR
	19/216 (8.8%)
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Saiz [68]
	NR
	NR
	NR
	0/49 (0%)
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Scribano [69]
	10/140 (7.1%)
	9/140 (6.4%)
	3/140 (2.1%)
	NR
	0/140 (0%)
	1/140 (0.7%)
	3/140 (2.1%)
	2/140 (1.4%)
	1/140 (0.7%)
	0/140 (0%)
	3/140 (2.1%)



	Sipponen [70]
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Straatmijer [71]
	NR
	NR
	8/252 (3.2%)
	NR
	NR
	NR
	NR
	NR
	NR
	2/252 (7.9%)
	NR



	Tursi [72]
	5/194 (2.6%)
	5/194 (2.6%)
	4/194 (2%)
	0/194 (0%)
	1/194 (0.5%)
	2/194 (1%)
	0/194 (0%)
	1/194 (0.5%)
	0/194 (0%)
	0/194 (0%)
	1/194 (0.5%)



	Viola [73]
	21/131 (16%)
	21/131 (16%)
	3/131 (2.1%)
	0/131 (0%)
	4/131 (3%)
	1/131 (0.7%)
	2/131 (1.4%)
	0/131 (0%)
	0/131 (0%)
	0/131 (0%)
	14/131 (10.7%)



	Yokoyama [74]
	24/339 (7.1%)
	18/339 (5.3%)
	NR
	7/339 (2.1%)
	NR
	NR
	NR
	NR
	NR
	NR
	NR



	Chaparro [75]
	50/463 (10.8%)
	39/463 (8.4%)
	4/463 (0.9%)
	4/463 (0.9%)
	5/463 (1.1%)
	5/463 (1.1%)
	9/463 (1.9%)
	38/463 (8.2%)
	7/463 (1.5%)
	1/463 (0.2%)
	13/463 (2.8%)



	Lenti [76]
	130/256 (50.2%)
	130/256 (50.2%)
	NR
	103 (40.2%)
	NR
	8/256 (3.1%)
	6/256 (2.3%)
	NR
	8/256 (3.1%)
	3/256 (1.1%)
	5/256 (1.9%)







* AEs: adverse events; SAEs: serious adverse events; NR: not reported.
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Table 5. Newcastle–Ottawa scale for assessment of quality of included studies (each asterisk represents when an individual criterion within the subsection was fulfilled, See Supplementary Figure S1).
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Heterogeneity: Tau®= 0.04; Chi*= 459.12, df= 24 (P < 0.00001); F= 95%
Test for overall effect: Z=11.17 (P < 0.00001)
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IV, Random, 95% CI

Heterogeneity: Tau®*= 0.03; Chi*= 592.97, df= 31 (P < 0.00001), F= 95%
Test for overall effect: Z=12.29 (P < 0.00001)
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