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Abstract 
Increasing insights into the immunopathogenesis of inflammatory bowel diseases [IBD] have led to the advent of targeted therapies that in-
hibit crucial mediators of the inflammatory process, thereby widening our available therapeutic armamentarium. Anti-tumour necrosis factor 
[anti-TNF] agents are still a mainstay of our therapeutic endeavours and the introduction of corresponding biosimilars has further widened their 
use. Nevertheless, only a subgroup of treated patients benefit from the initiated treatment and there is secondary non-response in the course 
of therapy. Initiation of subsequent therapy often poses a challenge to the treating physician, as non-response to primary anti-TNF treatment 
generally characterizes a patient group that is more treatment-resistant, which may be due to the immunological impregnation by prior anti-TNF 
exposure. At present, there is currently no guidance for the most appropriate second-line therapy after anti-TNF failure. Here, we review the ef-
ficacy of secondary biological therapy in anti-TNF-treated patients. We focus on and assess available clinical trial data of the emerging substance 
class of IL-23p19 inhibitors, which have demonstrated remarkable efficacy not only in anti-TNF-naïve but also refractory patients. We present mo-
lecular mechanisms that drive IL-23-mediated resistance to ongoing anti-TNF therapy and discuss the dynamic fluidity of the mucosal cytokine 
network in the course of therapy that perpetuates the mucosal inflammatory reaction. Translation of these findings into clinical practice might 
finally lead to initiation of the most appropriate therapy at the right time of the individual disease course, which would have important implica-
tions for the patient’s probability of response to treatment.
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1.  Introduction
Inflammatory bowel diseases [IBD] encompass chronic in-
flammatory disorders of the gastrointestinal tract whose 
phenotypic entities mainly comprise Crohn’s disease [CD] and 
ulcerative colitis [UC].1,2 The clinical course of these immune-
mediated disorders is marked by unpredictable exacerbations 
and asymptomatic remission, causing lifelong morbidity.3 
Insufficiently controlled inflammation can lead to progres-
sive bowel damage with impaired function, heightened risk 
of complications and increased incidence of colitis-associated 
neoplasia.4–6 Optimized anti-inflammatory therapy is there-
fore essential for the efficient management of IBD patients.

The advent of targeted therapies has substantially im-
proved therapeutic outcomes and made a major impact on 
existing therapeutic algorithms.7,8 Anti-tumour necrosis fac-
tor [TNF] inhibitors were the first targeted substance class to 
be approved for the treatment of patients with moderate-to-
severe IBD.9 This substance class encompasses the chimeric 
monoclonal antibody infliximab, the monoclonal human 
antibody adalimumab, the fully human monoclonal anti-
body golimumab, the PEGylated humanized Fab′ fragment 
certolizumab pegol, as well as infliximab and adalimumab 
biosimilars.10–17 Subsequent introduction of the anti-α4β7 in-
tegrin inhibitor vedolizumab and the anti-interleukin [IL]-12/
IL-23p40 antibody ustekinumab, as well as the JAK-inhibitor 
tofacitinib have further expanded our therapeutic options.18 
Furthermore, positive phase 3 induction and maintenance 

trial results have been reported for representatives of novel 
substance classes [IL-23 inhibitors, sphingosine 1-phosphate 
receptor 1 modulators, selective JAK-1 inhibitors], which are 
all expected to further increase our therapeutic possibilities 
soon.19 All these agents can be applied as first-line or also 
subsequent treatment option. The choice of a specific thera-
peutic agent in individual IBD patients is often arbitrary, as 
there are currently no validated biomarkers available, which 
would predict responsiveness to available therapies in IBD 
and help ascertain the order in which biological treatments 
should be used.20–22 There are only scarce head-to-head trail 
data available, which can only reflect part of our consider-
ations regarding choice of therapy. In one head-to-head trial, 
vedolizumab proved superior to adalimumab in inducing clin-
ical remission in UC patients [31.3% vs 22.5%; p = 0.006],  
although a significant difference was reported only in biologic-
naïve, but not exposed patients.23 In agreement with this, so-
ciety guidelines do not express specific recommendations for 
therapeutic algorithms in daily clinical practice. Rather than 
one-size-fits-all, the choice of biologics should be tailored 
to the individual patient profile. Therapeutic decisions are 
based on patient preferences, disease phenotype, differences 
in the pharmacokinetic and pharmacodynamic properties of 
the substances, presence of extra-intestinal manifestations, 
and existing comorbidities.24 The strengths and limitations 
of each agent should be considered in conjunction with the  
heterogeneous disease profile in each patient.25
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Here, anti-TNF inhibitors have proven to still be a main-
stay in our existing therapeutic armamentarium. They have 
proven to be efficacious in both induction and maintenance 
of remission, corticosteroid-sparing effects, mucosal healing, 
and reduction in hospitalization and surgery, thereby redefin-
ing our current therapeutic strategies towards prevention of 
complications and halting the progressive course of disease, 
to improve the quality of life of IBD patients.5,26 In network 
meta-analyses, infliximab was ranked highest in biologic-
naïve UC patients for clinical remission and together with 
vedolizumab for endoscopic remission induction.27 In CD, a 
very recent network meta-analysis of biologic-naive patients 
demonstrated that infliximab [±azathioprine], in comparison 
with other available treatment options, was associated with a 
higher odds of inducing clinical remission in luminal disease.24 
Based on available randomized controlled trial data, anti-
TNFs are also recommended as first-line biological therapy 
in specific situations, such as steroid-refractory acute severe 
UC,28 perianal fistulizing CD29 or prevention of postoperative 
disease recurrence.30 Further studies support their applica-
tion in stricturing CD,31 and in patients with associated TNF-
sensitive extraintestinal manifestations.32 Furthermore, after 
approval of respective biosimilars, anti-TNF agents are often 
recommended by many national healthcare institutions as 
first-line biological therapy in the majority of naïve patients, 
as they allow significant cost-savings without compromising 
safety or efficacy.17

Nevertheless, depending on the chosen outcome parameter 
and the time of treatment, approximately one-third of anti-
TNF-treated patients do not demonstrate adequate response 
to therapy [primary non-response]. Moreover, 30–50% of 
initial responders are prone to lose response to therapy in 
the course of continued anti-TNF treatment [secondary non-
response]. The annual risk for loss of infliximab response was 
calculated to be 13% per patient-year.33 Anti-TNF treatment 
can also be stopped due to occurrence of intolerable adverse 
events, such as increased susceptibility to serious infections 
or treatment-related complications [e.g. lupus-like syndromes 
or allergic reactions].34 This scenario poses a therapeutic 
challenge to the physician in daily clinical practice, as it is 
generally believed that non-response to primary anti-TNF 
treatment characterizes a patient group that is intrinsically 
more treatment-resistant [longer disease duration, compli-
cated disease] or may have been immunologically embossed 
by prior anti-TNF exposure to inadequate response to a sec-
ond agent.

Patients with primary non-response may have altered 
pharmacokinetics [rapid drug clearance resulting in low 
trough levels] or pharmacodynamics [mechanistic failure 
with non-TNF-mediated inflammation], resulting in a de-
creased likelihood of response to a second biological agent.35 
This is reflected by lower efficacy of approved therapies in 
anti-TNF-exposed compared with anti-TNF-naïve patients.35 
Here, it is important to differentiate between the different spe-
cific reasons for discontinuing anti-TNF therapy, as this could 
be due to primary or secondary non-response, as well as in-
tolerance. Available data indicate that primary non-response 
to initiated anti-TNF treatment should not be assessed before 
8–12  weeks after commencement of therapy.36 Recent data 
have indicated that in patients with primary anti-TNF fail-
ure, out-of-class swap is probably preferred. Unfortunately, 
patients included in clinical trials are not classified as having 

primary non-response based on trough concentrations, but 
rather based on clinical history of prior response or not.35 In 
patients with secondary non-response, however, either an in-
class switch or out-of-class swap might be options as second-
ary therapy.35 In patients with immunogenic failure to initial 
anti-TNF therapy [insufficient trough levels and detectable 
anti-drug antibodies], it has been shown that the addition of 
thiopurines to second-line anti-TNF therapy can prevent clin-
ical failure.37

There is currently no guidance for the most appropriate 
second-line therapy after failure to primary anti-TNF therapy. 
There are no data available from direct head-to-head active 
comparator trials, solely in patients with previous biologic 
exposure. With the growing number of soon to be available 
therapies in the IBD field, it is important to order the sequence 
of treatments in patients who have previously been exposed 
to anti-TNF inhibitors. The currently applied clinical practice 
of randomly selecting second-line therapies for treatment of 
IBD patients may lead to futile responses, which can often 
only be assessed after several weeks. This is coupled with on-
going clinical repercussions and progression of bowel dam-
age in non-responders, which may have been hindered by an 
initially efficacious therapy. Selection of an effective therapy, 
which should be based on pharmacokinetic or molecular in-
sights regarding anti-TNF non-response, would allow indi-
vidualized treatment with higher response rates and lower 
levels of toxicity for the patient.

In the following, the efficacy of different substance clas-
ses in IBD patients with non-response to primary anti-TNF 
therapy will be briefly discussed with particular reference 
to the apparently high effectiveness of emerging IL-23p19 
inhibitors, which might be explained by a new found IL-
23-mediated molecular resistance mechanism in anti-TNF 
non-responders.38 Improved understanding of these molecu-
lar resistance mechanisms and the changing immunological 
phenotype would enable us to appropriately position our dif-
ferent agents in the course of disease, which would be essen-
tial for optimized, personalized medicine approaches in IBD.20

2.  Effectiveness of Approved Biological 
Therapies [Anti-TNF, Vedolizumab and 
Ustekinumab] After Non-Response to Previous 
Anti-TNF Inhibitor Treatment
2.1.  Anti-TNF antagonists
The effectiveness of a second anti-TNF inhibitor treatment 
after previous exposure and discontinuation of the index anti-
TNF agent is dependent on the reason for cessation. A sys-
tematic review and meta-analysis demonstrated that overall 
remission rate with the second anti-TNF agent was 30% after 
primary failure of the first anti-TNF agent. Most of the evalu-
ated studies analysed the effects of switching from infliximab 
to adalimumab.39 When a second anti-TNF agent was applied 
after secondary failure to the previous one, the mean remis-
sion rate rose to 45%, which might indicate pharmacokinetic 
reasons [formation of anti-drug antibodies] that led to dis-
continuation of the index anti-TNF therapy and was over-
come by the subsequent one. Overall pooled remission rates 
were highest [61%] when the reason for withdrawing the first 
anti-TNF therapy was intolerance.39 Altogether, a subgroup 
of patients benefited from an alternative anti-TNF agent, after 
failure of the first one.
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2.2.  Vedolizumab
The randomized GEMINI-approval trials reported efficacy of 
the anti-α4β7 integrin inhibitor vedolizumab in patients with 
previous anti-TNF therapy. Post hoc analyses of the efficacy 
data for 516 TNF-naïve and 960 TNF-failure CD patients from 
the GEMINI 2 and GEMINI 3 trials were evaluated. Clinical 
response rates at weeks 6 and 10 were numerically higher in 
the anti-TNF-naïve [40.3% and 48.4%] in comparison to the 
anti-TNF-exposed group [33.1% and 39.7%], respectively. 
The differences prevailed throughout week 52. Altogether, 
patients who were TNF-naïve experienced treatment benefits 
earlier than those who had failed prior TNF antagonist ther-
apy, and they achieved higher overall rates of response and also 
remission.40 Comparable results were also found in UC pa-
tients, with post hoc analysis of efficacy data from the GEMINI 
1 study of 464 TNF-naïve patients and 367 TNF-failure UC 
patients. Week 6 rates of response to vedolizumab and placebo 
were 53.1% and 26.3%, respectively, among patients naive to 
TNF antagonists and 39.0% and 20.6%, respectively, in pa-
tients with failure of TNF antagonists.41

Retrospective analysis of endoscopies performed at a ter-
tiary referral centre confirmed the findings, as outcomes were 
significantly better in anti-TNF-naïve vs exposed patients 
[67.2% vs 42.0%].42 These results are also reflected in a val-
idated scoring system to identify IBD patients with a higher 
likelihood of response to vedolizumab, as absence of previous 
treatment with a TNF antagonist was independently asso-
ciated with corticosteroid-free remission upon vedolizumab 
therapy.43,44 Based on findings from the GEMINI trials, 
vedolizumab demonstrated comparable efficacy in anti-TNF-
exposed patients, irrespective of primary or secondary non-
response, or intolerance.40

2.3.  Ustekinumab
The UNITI-1 trial included 741 moderate-to-severe CD pa-
tients who had previous exposure to two or three substances 
and 29.1% primary non-response as reason for failure. The 
primary endpoint of clinical response at week 6 was reached 
significantly higher in the groups that received ustekinumab 
at a dose of either 130 or 6  mg/kg [34.3% and 33.7%, re-
spectively] than in the placebo group [21.5%]. In the UNITI 
trials, higher rates of absolute response and remission were ob-
served in the cohort of anti-TNF-naïve patients [UNITI-2] in 
comparison to anti-TNF-exposed patients [UNITI-1], which 
might have been presumably influenced by less refractory 
and relatively shorter duration of disease in patients in whom 
only conventional therapy had been unsuccessful.45 In a recent 
meta-analysis, treatment response to ustekinumab was poorer 
in anti-TNF primary non-responders, in comparison with sec-
ondary non-responders (relative risk [RR], 0.64 [0.52–0.80]).35

In UC, a total of 961 patients were randomly assigned to re-
ceive an intravenous induction dose of ustekinumab [130 mg 
or weight-based dose of 6 mg/kg bodyweight] or placebo in 
the randomized, placebo-controlled UNIFI trial.46

In total, 51.1% of the participating patients had treatment 
failure to previous biological therapy, among which a total 
of 98.8% had treatment failure to at least one TNF antag-
onist. In this subpopulation, the proportions of patients who 
achieved clinical remission at week 8 were greater in the 
130 mg/k [11.1%] and 6 mg/kg [12.8%] groups compared 
with patients in the placebo group [1.3%]. In maintenance, 
patients who were biologic failures to at least one anti-TNF 
comprised 99.2% of patients who had a history of biologic 

failure and 47.2% of patients in the primary population. The 
proportions of anti-TNF-exposed patients who achieved clin-
ical remission at week 44 were numerically greater in the 
ustekinumab q8w group [38.9%] than in the ustekinumab 
q12w group [22.9%]; both ustekinumab groups were numer-
ically greater than placebo [17.2%]. Altogether, the percent-
ages of patients in whom each endpoint was achieved were 
lower across groups with previous treatment failure with 
biologics compared to naïve patients.

2.4.  Conclusion
Overall, the available data suggest that patients who failed anti-
TNF therapy represent a group with more refractory disease, 
as approved biological treatment options seem to perform 
less efficiently in these patients compared to anti-TNF-naïve 
patients. However, within the group of anti-TNF-exposed pa-
tients, those with prior primary non-response to anti-TNF 
agents may less likely respond to subsequent anti-TNF or 
ustekinumab therapy than those with secondary non-response 
or intolerance.35,39 Primary loss of response might be caused by 
inadequate trough concentrations due to rapid, non-immune-
mediated drug clearance or due to mechanistic molecular fail-
ure, mediated by non-TNF signalling pathways.35

3.  Effectiveness of IL-23p19 Inhibitors After 
Non-Response to Previous Anti-TNF Inhibitor 
Treatment
Accumulating preclinical evidence suggest that IL-23p19 is 
mainly involved in IBD pathogenesis.47 It is predominantly 
produced by macrophages and antigen presenting cells and 
promotes the generation of pathogenic Th17 cells, which 
in turn produce IL-17, IL-22, interferon [IFN]γ and TNF.48 
IL-23 also inhibits regulatory T-cell responses in the intes-
tine, thereby enhancing mucosal inflammation.49 In addition, 
genome-wide association studies [GWAS] have analysed poly-
morphism in the gene encoding IL23R and identified genetic 
variants in the IL23R region that were associated with CD as 
wells as with UC susceptibility.50,51 Correspondingly, elevated 
IL-23 levels were found in the inflamed mucosa of CD and 
UC patients, further emphasizing its key role in IBD patho-
genesis.52,53 These findings led to the development of selective 
IL-23p19 inhibitors being tested in several phase 2 or phase 3 
randomized controlled trials, which have already been com-
pleted or are underway. Available evidence suggests that se-
lective blockade of IL-23p19 is an effective and safe treatment 
option for both IBD entities, qualifying them as potential 
first-line therapies in IBD. In the following, specific focus is 
placed on the effectiveness of IL-23p19 inhibitors to patients 
previously exposed to anti-TNF therapy.

3.1.  Brazikumab
Brazikumab [formerly named MEDI2070] is a human IgG2 
monoclonal antibody directed against IL-23p19. Its efficacy 
and safety were assessed in a phase 2, randomized, placebo-
controlled trial. Participating patients had to fulfil the criteria 
of moderate-to-severe (Crohn’s disease activity index [CDAI] 
220–450) CD and accompanying biochemical (C-reactive 
protein [CRP] ≥5 mg/L, faecal calprotectin ≥250 µg/g] or endo-
scopic [≥3 non-anastomotic ulcers, each >0.5 cm in diameter 
or ≥10 aphthous ulcers involving ≥10 cm of contiguous intes-
tine] evidence of active inflammation. Patients were required 
to also have been exposed to at least one induction regimen 
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of a TNF antagonist consisting of at least two doses at least 
2 weeks apart. The primary outcome was clinical response at 
week 8 [CDAI < 150 or ≥ 100-point reduction from baseline]. 
Endoscopic outcomes were not assessed. A  total of 119 pa-
tients were randomized to receive brazikumab 700 mg intra-
venously [n = 59] or placebo [n = 60] at weeks 0 and 4, with 
stratification by the number of prior anti-TNF agents applied 
[1 vs > 1]. The primary outcome was clinical response at week 
8. Altogether, 37 patients had previous exposure to one, 70 pa-
tients to two and 12 patients to three or more anti-TNF agents 
in the study. Reasons for TNF antagonist discontinuation were 
primary [n = 46] or secondary [n = 67] non-response, treat-
ment intolerance [n = 53] or other/not identified [n = 20]. A sig-
nificantly greater proportion of patients receiving brazikumab 
reached the outcome of clinical remission or clinical response 
at week 8 compared to patients receiving placebo [49.2% 
vs 26.7%; p = 0.01]. The prespecified composite outcome of 
clinical response and ≥ 50% reduction in faecal calprotectin 
or CRP levels from baseline was achieved by 42.4% of the 
brazikumab-treated patients in comparison to 10% of the pla-
cebo group [p < 0.001]. At week 12, efficacy of brazikumab in 
comparison to placebo was 37.3% vs 28.3% for clinical re-
sponse [p = 0.29] and 37.3% vs 8.3% for the composite clin-
ical and biomarker endpoint [p < 0.001]. There was no stat-
istical difference regarding clinical remission at week 8 or 12 
between the brazikumab and placebo groups. Clinical response 
at week 24 occurred in 53.8% of patients who continued to 
receive open-label brazikumab and in 57.7% of patients who 
had received placebo during the double-blind period and open-
label brazikumab thereafter. Patients with a baseline IL-22 
concentration > 15.6 pg/mL were more likely to respond to 
brazikumab. The safety profile of brazikumab was similar to 
placebo with comparable serious adverse events and overall 
adverse events.54 Altogether, brazikumab demonstrated effect-
iveness in this study cohort of anti-TNF-exposed patients.

3.2.  Mirikizumab
Mirikizumab is a humanized IgG4-variant monoclonal anti-
body against IL-23p19. Its efficacy and safety were assessed 
in a phase 2, randomized, placebo-controlled trial in moder-
ate to severely active UC patients [Mayo Clinical Score 6–12, 
with Mayo Endoscopic Score ≥ 2]. The primary endpoint was 
clinical remission [Mayo subscores of 0 for rectal bleeding, 
with 1-point decrease from baseline for stool frequency, and 0 
or 1 for endoscopy] at week 12. Of the 249 recruited UC pa-
tients, 63% had prior exposure to a biological agent. Patients 
were randomized to intravenous mirikizumab 50  mg with 
dose adjustment, 200 mg with dose adjustment or 600 mg 
fixed dose, or placebo at weeks 0, 4 and 8. Induction expos-
ure was adjusted in the 50- and 200-mg groups according 
to measured drug serum concentrations. At week 12, 15.9% 
[p = 0.066], 22.6% [p = 0.004] and 11.5% [p = 0.142] of 
patients in the 50-, 200- and 600-mg groups achieved clin-
ical remission, respectively, compared with 4.8% of patients 
given placebo. The result for the primary endpoint of clin-
ical remission at week 12 for the mirikizumab 600-mg group 
did not reach statistical significance. Thus, all subsequent p 
values comparing clinical remission at week 12 are not con-
trolled for multiplicity and were considered nominal. A simi-
lar pattern was seen for clinical remission across dose groups 
among the biologic-naive and biologic-experienced groups, 
with clinical remission rates numerically higher in all treat-
ment groups among biologic-naive patients. In the biologic-

naïve group [n = 92], 29.2% [Δ = 20.5%; p = 0.137], 36.4% 
[Δ = 27.7%; p = 0.035] and 17.4% [Δ = 8.7%; p = 0.665] of 
patients in the 50-, 200- and 600-mg groups achieved clinical 
remission, respectively, compared with 8.7% of patients given 
placebo. In the biologic-experienced group [n = 157], 7.7% 
[Δ  =  5.2%; p  =  0.359], 15% [Δ  =  12.5%; p  =  0.108] and 
7.9% [Δ = 5.4%; p = 0.352] of patients in the 50-, 200- and 
600-mg groups achieved clinical remission, respectively, com-
pared with 2.5% of patients given placebo.

At week 52, 46.8% and 37.0% of mirikizumab responders 
treated with 200 mg mirikizumab every 4 and every 12 weeks, 
respectively, achieved clinical remission. In biologic-naïve pa-
tients, 47.6% and 36% and in biologic-experienced patients, 
46.2% and 38.1% treated with 200 mg mirikizumab every 
4 and every 12 weeks, respectively, achieved clinical remis-
sion. There was no safety signal recorded when comparing 
mirikizumab and placebo.

Altogether, trial results suggest that mirikizumab could be 
an effective therapy in UC patients.55 The number of previ-
ously failed biological therapies could be an indicator for the 
patient group that might benefit from a longer initial dosing 
regimen, although additional studies are needed to investigate 
this.56 Furthermore, a large-scale gene expression study dem-
onstrated that mirikizumab treatment significantly affected 
mucosal transcripts involved in resistance to anti-TNF ther-
apy in UC patients.57,58

3.3.  Guselkumab
Guselkumab is a fully human IgG1-lambda monoclonal anti-
body targeting IL-23p19. Currently, a phase 2/3, randomized, 
double-blind, placebo- and active-controlled, parallel-group 
trial in moderately-to-severely active CD [GALAXI-1] is on-
going. Recently, results from the interim analysis of the phase 
2, dose ranging trial [GALAXI-1] assessing the efficacy and 
safety of guselkumab in CD have been published. A total of 
309 CD patients were randomized to 200, 600 or 1200 mg 
intravenous guselkumab every 4  weeks, with ustekinumab 
[6 mg/kg i.v. at week 0 and then 90 mg s.c. at week 8] and 
placebo as reference arms. The study was not powered to as-
sess differences between guselkumab and ustekinumab. The 
primary outcome was the change from baseline in CDAI score 
at week 12. At week 12, the primary endpoint was achieved, 
with significantly greater LS mean reductions from baseline 
in CDAI score observed for the guselkumab 200 mg (−160.4), 
600 mg (−138.9),and 1200 mg (−144.9) groups compared 
with placebo (−36.2); p < 0.05 for all comparisons. 

Clinical remission [CDAI < 150] at week 12 was reached 
by 57.4, 55.6 and 45.9% in the 200-, 600- and 1200-
mg guselkumab groups, respectively, while 46.0% in the 
ustekinumab and 16.4% in the placebo group fulfilled that 
criterion. All results of the guselkumab treatment groups were 
statistically significant in comparison to placebo. In total, 
54.4% of patients had an inadequate response to, or intoler-
ance to biologic therapy: 53.1% failed at least one anti-TNF 
inhibitor, 8.7% failed vedolizumab, and 7.4% failed at least 
one anti-TNF drug and vedolizumab. In the subgroup of pa-
tients with inadequate response or intolerance to prior bio-
logic therapy, 47.5% in the combined guselkumab group and 
10.0% in the placebo group achieved clinical remission at 
week 12. Consistent with the overall population, no apparent 
dose response was observed across analysed endpoints.

Overall endoscopic response (at least 50% improvement 
from baseline in Simple Endoscopic Score for Crohn Disease 
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[SES-CD] score or SES-CD score ≤2) at week 12 was ob-
served in 37.7, 36.5 and 32.8% in the 200-, 600- and 1200-
mg guselkumab groups, respectively, as well as 28.6% in the 
ustekinumab  and 11.5% in the placebo group. In biologic-
naïve patients, 37.9, 42.9 and 44.4% in the 200-, 600- and 
1200-mg guselkumab groups, respectively, as well as 46.2% in 
the ustekinumab and 9.7% in the placebo group reached endo-
scopic response in comparison to 37.5, 31.4 and 23.5 in the 
200-, 600- and 1200-mg guselkumab groups, respectively, as 
well as 16.2% in the ustekinumab and 13.3% in the placebo 
group of biologic-exposed patients. Guselkumab was well tol-
erated in the study. Altogether, a remarkably high efficacy of 
guselkumab treatment was observed in the group of biologic-
exposed patients, especially regarding the outcome measure of 
endoscopic improvement. Further trial data are awaited.59

3.4.  Risankizumab
Risankizumab is a humanized IgG1 monoclonal antibody dir-
ected against IL-23p19. Its efficacy and safety were initially 
studied in a phase II randomized, placebo-controlled trial in 
CD patients. Study outcomes were reported for a 12-week, 
double-blinded intravenous period, a 14-week, open-label, 
intravenous therapy or wash-out period, and a 26-week 
subcutaneous treatment period. In total, 121 patients with 
moderate-to-severe disease (CDAI 220–450 and a Crohn's 
Disease Endoscopic Index of Severity [CDEIS] score ≥ 7, or 
≥  4 for isolated ileitis) were randomized to receive 200 or 
600 mg risankizumab, or placebo by intravenous infusion at 
weeks 0, 4 and 8. Nearly all patients [93.4%] had previous 
exposure to anti-TNF agents. In the pooled risankizumab 
treatment group, 22, 57 and 13% experienced one, two or 
three or more previous anti-TNF therapies. Significantly more 
patients in the pooled risankizumab dose groups achieved the 
primary endpoint of clinical remission at week 12 compared 
to placebo [30.5% vs 15.4%; p = 0.0489]. Clinical response 
[CDAI < 150 or ≥ 100-point decrease] was also significantly 
more fulfilled by risankizumab- compared to placebo-treated 
patients [39% vs 20.5%; p  = 0.0273], which was also evi-
dent for endoscopic remission [CDEIS ≤ 4 or ≤ 2 for isolated 
ileitis; 17% vs 3%; p = 0.0015]. At week 12, a significantly 
higher proportion of patients given 600  mg risankizumab 
achieved clinical remission compared to placebo [36.6% vs 
15%]. No significant difference was observed for patients 
treated with 200 mg risankizumab [p = 0.308]. Furthermore, 
significantly greater proportions of patients receiving 600 mg 
risankizumab achieved endoscopic remission [20% vs 3%] or 
had an endoscopic response [37% vs 13%] compared to pla-
cebo. Treatment with risankizumab decreased IL-22 expres-
sion in ileum biopsies and in circulation, consistent with the 
expected effects of blockade of the IL-23 axis.60

In a subsequent trial, patients not achieving deep remission 
[CDAI < 150 and CEDEI ≤ 4 or ≤ 2 for patients with iso-
lated ileitis] at week 12 received extended open-label induc-
tion therapy with intravenous risankizumab [600 mg] every 
4 weeks for 12 weeks [weeks 14–26]. Patients in deep remis-
sion [n = 6] entered a 12-week washout phase. At week 26, 
53% of patients were in clinical remission, 55% originally in 
the placebo arm, 59% in the 200-mg risankizumab arm and 
47% in the 600-mg risankizumab arm. Enrolled patients had 
a mean disease duration of 14 years and nearly all had been 
previously exposed to one or more TNF inhibitors, indicating 
that long disease duration and previous treatment exposure 
can delay successful treatment responses.61

In an open-label extension study, enrolled patients had 
achieved clinical response without clinical remission at week 
26, or clinical response and/or remission at week 52 in the 
parent phase 2 study, and received open-label subcutaneous 
risankizumab 180 mg every 8 weeks. Efficacy outcomes were 
maintained during the study [clinical remission >71%] and 
endoscopic remission >42%].62

Recently, results from two phase 3 trials with risankizumab 
in moderate-to-severe CD were presented. In the double-blind, 
randomized, ADVANCE study, 490 of the recruited 850 pa-
tients were previously exposed to biological therapy. In total, 
239 had one previous and 251 more than one biological ther-
apy beforehand, with 110 exposed to ustekinumab. Patients 
were given intravenous risankizumab 600 mg, risankizumab 
1200 mg, or placebo at baseline, and weeks 4 and 8. The co-
primary endpoint at week 12 was clinical remission (outside 
USA: average daily stool frequency [SF] ≤ 2.8 and not worse 
than baseline AND average daily abdominal pain score [APS] 
≤ 1 and not worse than baseline; USA: CDAI < 150) and endo-
scopic response [decrease in SES-CD > 50% from baseline or 
for subjects with isolated ileal disease and a baseline SES-CD 
of 4, at least a 2-point reduction from baseline]. Risankizumab 
reached the primary endpoint on a statistically significant level 
in comparison to placebo [CDAI < 150: 45.2% in the 600-
mg risankizumab group, 41.6% in the 1200-mg risankizumab 
group vs 25.2% in the placebo group; SF/APS: 43.5% and 
41.0% vs 21.7%], and endoscopic response [40.3% and 
32.2% vs 12.0%]. When only  looking at the subgroup of 
biologic-experienced patients, all risankizumab doses showed 
superior efficacy compared to placebo for clinical remission 
[CDAI  <  150: 42.5% in the 600-mg risankizumab group, 
37.4% in the 1200-mg risankizumab group vs 25.8% in the 
placebo group; SF/APS: 40.5% and 38.9% vs 22.7%] and 
endoscopic response [32.9% and 23.5% vs 11.4%]. Altogether, 
risankizumab efficacy was numerically lower than in biologic-
naïve patients. In the MOTIVATE study [n = 569], 47.1% of 
patients were previously exposed to one and 52.9% to two 
or more biological therapies. Among them, 19.1% were ex-
posed to ustekinumab. Risankizumab reached the co-primary 
endpoint on a statistically significant level in comparison to 
placebo [CDAI  <  150: 42.5% in the 600-mg risankizumab 
group, 40.3% in the 1200-mg risankizumab group vs 19.8% 
in the placebo group; SF/APS: 34.6% and 39.3% vs 19.3%], 
and endoscopic response [28.8% and 34.2% vs 11.2%].63

Finally, risankizumab responders to induction therapy at 
week 12 of the ADVANCE and MOTIVATE studies were en-
rolled into the phase 3 maintenance study FORTIFY [n = 542], 
and received 180 or 360 mg of subcutaneous risankizumab or 
placebo, every 8 weeks. In total, 73.1% of patients were previ-
ously exposed to at least one biological therapy. The primary 
endpoint of clinical remission within the USA [CDAI <150] 
was reached with statistical significance for both risankizumab 
groups in comparison with placebo [55.4% in the 180-mg 
risankizumab group, 52.2% in the 360-mg risankizumab group 
vs 40.9% in the placebo group]. Clinical remission based on 
the outside of the USA defined endpoint [SF ≤ 2.8 and APS ≤ 1] 
was reached by risankizumab 360 mg on a statistically signifi-
cant level [51.8% vs placebo 39.6%], but not by risankizumab 
180 mg [46.5%]. The co-primary endpoint of endoscopic re-
sponse was reached on a statistically significant level by both 
risankizumab dose groups [47.1% in the 180-mg group, 
46.5% in the 360-mg group vs 22% in the placebo group]. 
Risankizumab therapy was generally safe and well tolerated.64
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3.5.  Overall assessment of IL-23p19 inhibitor 
efficacy in anti-TNF refractory patients
There is general consensus, backed up by clinical trial data, 
that patients who failed previous treatment with anti-TNF 
agents represent a group of more refractory disease. This is 
especially evident in patients with primary non-response to 
anti-TNF agents, who are intrinsically more difficult to treat 
with second-line biologics. Overall, the generally lessened ef-
ficacy of second-line biological therapy in anti-TNF-exposed 
patients has direct clinical implications as these patients are 
at a higher risk for poor outcomes.65 Choice of the secondary 
therapy therefore has critical clinical implications for the pa-
tient to prevent deleterious outcomes.

In the presented trial data of the specific IL-23p19 inhibi-
tors, there was remarkable efficacy demonstrated by all sub-
stances, especially also in the subgroup of patients previously 
exposed to biological therapy. In all of the presented trials 
the group of biologic-experienced patients mainly comprised 
anti-TNF-exposed patients, which could be indicative of a 
non-TNF-mediated inflammatory signalling pathway that 
perpetuates mucosal inflammation in this IBD subgroup.

In a recently updated network meta-analysis in UC, seven 
randomized controlled trials including 1580 patients with 
moderate-to-severe UC with prior exposure to TNF antagon-
ists were analysed. These included subgroup analysis of trials 
of adalimumab, vedolizumab, tofacitinib and ustekinumab. 
Ustekinumab (surface under the cumulative ranking curve 
[SUCRA], 0.87) and tofacitinib [SUCRA, 0.87] were ranked 
highest for induction of clinical remission with ustekinumab 
superior to vedolizumab (ustekinumab vs vedolizumab: odds 
ratio [OR], 5.99; 95% confidence interval [CI], 1.13–31.76) 
and adalimumab (ustekinumab vs adalimumab: [OR, 10.71; 
95% CI, 2.01–57.20]) in anti-TNF-exposed patients.27

Recently, an updated systematic review and network meta-
analysis that assessed the comparative efficacy and safety of 
biologics in patients with CD was published. It also com-
prised ten randomized controlled trials including 2479 pa-
tients with previous exposure to biological therapy, where 
effectiveness of the second-line biological was evaluated com-
paratively. In the study, phase 3 results of risankizumab and, 
in a sensitivity analysis, interim results at week 12 from the 
phase 2 induction data of the phase 2/3 GALAXI study were 
included. In the direct meta-analysis, ustekinumab (OR 2.55 
[95% CI 1.39–4.69]) and risankizumab (2.64 [1.89–3.68]) 
were associated with a significantly higher odds of inducing 
clinical remission than placebo. There was moderate confi-
dence in estimates supporting risankizumab (OR 2.10 [95% 
CI 1.12–3.92]) over vedolizumab for inducing remission in 
patients previously exposed to a biologic.24

No substance was clearly superior to others for induction 
of a clinical response, but the overall ranking was highest 
for risankizumab [SUCRA 0.87] and ustekinumab [SUCRA 
0.67]. These data indicate that IL-23 blockade might be the 
preferred mechanism of action in patients who have been 
previously exposed to TNF antagonists, after either pri-
mary or secondary loss of response. Real-world observations 
have recently indicated that ustekinumab is more effective 
than vedolizumab in anti-TNF-exposed CD patients.66,67 
Adalimumab (OR 3.55 [95% CI 1.82–6.93]) was also asso-
ciated with a higher odds of inducing clinical remission, but 
only after loss of response or intolerance to infliximab, but is 
likely to be of limited use in primary TNF non-responders.

Altogether, these data underline that in moderate-to-severe 
IBD patients who have not previously responded to TNF 
antagonist therapy, blockade of IL-23 by risankizumab and 
ustekinumab are most likely to induce remission and are 
therefore a preferable second-line therapy.

3.6.  Molecular mechanisms that drive IL-23-
mediated resistance against anti-TNF therapy
Multiple different molecular signalling pathways are likely 
to be activated in IBD and are destined to change during 
the course of disease due to highly complex underlying mo-
lecular events. Fittingly, it could be shown that different 
pathogenetic pathways are only activated contemporarily 
in the inflamed intestinal mucosa of IBD patients.68,69 In 
early mucosal inflammation in the neo-terminal ileum be-
fore endoscopic recurrence, heightened expression of Th1-
related cytokines, TNF and IL17A [slightly] was found. 
Transition from this stage to endoscopic recurrence was 
marked by high levels of Th1 cytokines, a marked increase 
in IL17A, and induction of IL-6 and IL-23, while estab-
lished lesions were characterized by a mixed Th1–Th17 
profile with absent TNF induction.70 These findings support 
those in experimental colitis models, where the initial phase 
of the inflammation was driven by Th1 cytokines, while the 
later phases were associated with mixed Th1/Th17 cell re-
sponses.71,72 In supernatants of T cell clones derived from in-
testinal biopsies of paediatric CD patients, that were stimu-
lated with IL-12, heightened IFN-γ levels in early but not 
in late CD were demonstrated.73 These data indicate that 
the mucosal cytokine profile in CD is not stable and may 
vary in the course of the disease and that mucosal T  cell 
immunoregulation similarly succumbs to changes during 
progression of disease, with potential implications for thera-
peutic approaches. As IBD is driven by molecular processes, 
it is conceivable that drug interactions should have an ef-
fect on its target and disease pathways. Interference with 
one particular signalling pathway might have an impact on 
other relevant inflammatory cascades that perpetuate the 
inflammatory reaction. In cancer therapy, various molecu-
lar mechanisms that drive therapeutic resistance to targeted 
therapies, thereby driving disease progression within a year 
of initiating treatment, have been identified.74 As such, an 
improved understanding of molecular resistance mechan-
isms is essential to optimize personalized therapy in can-
cer, and the same approach is likely to be beneficial in IBD 
as well.20 The concept of molecular resistance derived from 
modifications in the composition of mucosal immune cells 
in response to therapeutic pressure has recently been intro-
duced to the IBD field.38

Here, a significant upregulation of mucosal IL23p19, 
IL23R and IL17A but not IL-12p40 expression could be 
found in anti-TNF non-responders during ongoing anti-TNF 
treatment. These effects were absent in anti-TNF responders. 
Non-responsive patients also exhibited an IL-23-mediated 
expansion of apoptosis-resistant mucosal T cells expressing 
TNFR2 and the IL-23 receptor, with decreased susceptibility 
to anti-TNF-induced apoptosis. These findings indicate that 
IL-23 could be a key driver of molecular resistance to TNF 
antagonists during ongoing therapy.38 These data indicate 
that T cell plasticity and therapy-induced changes in immune 
profiles may explain the need for different biological treat-
ments at different stages of disease.
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In this concept, effective anti-TNF antibody treatment 
is based on induction of T  cell apoptosis by blocking the 
transmembrane TNF [mTNF]/TNF receptor 2 [TNFR2] 
co-stimulation pathway between CD14+ macrophages and 
CD4+ T cells in the mucosa.75 In non-responders, there is an 
accumulation of CD14+ macrophages that produced height-
ened amounts of IL-23 during ongoing anti-TNF therapy. 
This leads to the expansion of anti-TNF apoptosis-resistant 
T cells that express TNFR2 and IL-23R, which modifies 
the initial composition of cells and changes the molecular 
phenotype of disease. Subsequently, there is an IL-23-induced 
molecular resistance to anti-TNF therapy in CD patients,  
suggesting that targeting IL-23 might be particularly effective 
in these patients, which has been reflected by the previously 
presented trial data [Fig. 1].76

4.  Concluding Remarks
One of the main challenges in the optimized management of 
IBD patients with moderate-to-severe disease activity is the 
appropriate positioning of different targeted therapies in 
the course of disease. The growing therapeutic armament-
arium has enabled us to choose from a variety of different 
substances that specifically target an inflammatory pathway 
involved in the immunopathogenesis of IBD. Ongoing trials 
with specific IL-23p19 inhibitors will offer further novel find-
ings and the ongoing comparative trial of risankizumab with 
ustekinumab in CD will further help to position the substance 
class of IL-23p19 inhibitors in our therapeutic algorithm. 
Preclinical models suggest that both IL-12 and IL-23 seem to 
contribute to intestinal inflammation through sequential and 
temporarily distinct functions. Whereas IL-12 initiates the ini-
tial, primarily innate immune-cell-driven inflammatory reac-

tion triggered by heightened exposure to bacteria in response 
to intestinal barrier disruption, IL-23 becomes functionally 
important during the chronic phase of the inflammatory re-
sponse that is characterized by an increased contribution of 
adaptive immunity.77 These studies indicate that anti-p40 
antibodies, such as ustekinumab, would probably be more 
effective in newly diagnosed IBD, while anti-IL-23p19 anti-
bodies might demonstrate higher efficacy in later stages of 
the disease. However, these findings need to be analysed in 
clinical studies.

Identification of patients who have a heightened probability 
of responding to either of these substance classes will be im-
portant for their future clinical use. Currently existing efficacy 
and safety profiles qualify them as potential first-line treat-
ment. However, resistance to previously initiated anti-TNF  
therapy, which is probably the most widely used first-line 
targeted therapeutic agent in IBD, represents an important 
problem in clinical practice, as these patients are prone to have 
poorer outcomes. Non-responsiveness to TNF inhibition is po-
tentially a surrogate marker for a more refractory phenotype, 
or reflects changes in the immune response that are induced 
by previous anti-TNF exposure. The dynamic fluidity of the 
mucosal cytokine network is reflected by successional devel-
opment of alternative pro-inflammatory cytokine pathways 
upon blockade of a single cytokine, thereby circumventing  
this therapeutic approach and perpetuating the inflammatory 
reaction.3 This mechanism has been exemplified in CD patients 
who are non-responsive to initiated anti-TNF therapy, where 
neutralization of TNF has been associated with an IL-23-driven 
induction for Th-17 cell responses.38 Blockade of IL-23p19 has 
conversely shown great efficacy in anti-TNF-resistant patients, 
which qualifies them for efficacious second-line targeted ther-
apy, which has also been demonstrated in a recent compara-
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Figure 1. Molecular mechanism of IL-23-driven resistance to anti-TNF therapy in Crohn’s disease. [A] Immune cell composition in a Crohn’s disease 
patient prior to the initiation of anti-TNF therapy. Perpetuation of mucosal inflammation due to an indication of apoptosis resistance in TNF receptor 2 
[TNFR2]-expressing CD4+ T cells by transmembrane TNF [mTNF]-expressing CD14+ macrophages. [B] After commencement of efficacious anti-TNF 
therapy, there is induction of CD4+ T-cell apoptosis by binding of the anti-TNF antibody to mTNF-expressing CD14+ macrophages, thereby inhibiting 
the mTNF/TNFR2 co-stimulation pathway between CD14+ macrophages and CD4+ T cells in the mucosa. [C] In anti-TNF non-responders, there is 
heightened production of IL-23 by CD14+ macrophages, which leads to the expansion of apoptosis-resistant IL-23R+/TNFR2+ CD4+ T cells, which drive 
resistance to ongoing anti-TNF therapy. The expansion of IL-23R+ lymphocytes creates a novel immune phenotype that drives mucosal inflammation, 
non-responsive to anti-TNF therapy but potentially responsive to IL-23 inhibition.
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tive network meta-analysis.24 Moreover, it is theoretically also 
possible that IL23 inhibition might restore sensitivity to the 
mechanism of action of TNF antagonists in non-responders. 
This would suggest that therapies combining TNF- and IL-23-
neutralizing antibodies could potentially achieve improvements 
in efficacy or duration of response than either monotherapy 
alone. Trial results of a proof-of-concept, phase IIa, random-
ized, double-blind study are awaited in this regard, as the ef-
ficacy and safety of the anti-IL-23p19 antibody guselkumab 
in combination with the anti-TNF agent golimumab are 
studied in the VEGA trial in moderate-to-severe UC patients. 
Moreover, Vorabody V56B2, the first anti-TNF/anti-IL-23 or-
ally delivered intestinal protease-resistant bispecific antibody, 
has been presented, which might offer a novel therapeutic ap-
proach for disease-modifying activity in IBD.78

Altogether, choosing the most appropriate biological ther-
apy at the right time has important implications for the 
patient’s probable response. One of the most major challenges 
remains to identify predictors of response to targeted ther-
apies in IBD.20,79 They would optimally need to integrate the 
mode of action of the therapeutic substance, the temporar-
ily distinct functions of specific signalling pathways in intes-
tinal inflammation and the induction of molecular resistance 
mechanisms by previous biological therapies to understand 
mechanisms of cell–cell signalling and drug susceptibility. 
Altogether, the available data indicate that specific IL-23p19 
inhibitors would certainly qualify themselves not only as po-
tential first-line biological therapy, but also as a promising 
therapeutic approach in anti-TNF-exposed IBD patients.
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