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Abstract

Background and Aims: The availability of biological agents for inflammatory bowel

disease has increased over the past years. In this systematic review and meta‐
analysis, we aimed to explore time trends in clinical response and clinical remis-

sion rates in Crohn's disease (CD) patients treated with biologics while discussing

the need for new strategies.
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Methods:MEDLINE, Cochrane, and ISI Web of Science databases were searched for

randomized placebo‐controlled trials with biological agents in moderate‐to‐severe
CD patients. Sub‐group and meta‐regression analyses compared treatment and
placebo by calculating the pooled odds ratios of clinical remission and clinical

response, across time categories and publication year. We also estimated the pro-

portion of patients achieving clinical remission and clinical response by comparing

both groups according to the publication year.

Results: Twenty‐five trials were included in the systematic review, which enrolled
8879 patients between 1997 and 2022. The clinical remission and clinical response

odds, in induction and maintenance, have been constant over time, as no statistically

significant differences were found between time categories (interaction p‐values:
clinical remission [induction, p = 0.19; maintenance, p = 0.24]; clinical response

[induction, p = 0.43; maintenance, p = 0.59]). In meta‐regression analyses, publi-
cation year did not influence these outcomes (clinical remission [induction, OR 1.01

{95% CI 0.97–1.05}, p = 0.72; clinical response [induction, OR 1.01{95% CI 0.97–

1.04]; p = 0.63; maintenance, OR 1.03{95% CI 0.98–1.07}; p = 0.21]), with the

exception of clinical remission in maintenance studies, which presented a decreased

effect (odds ratio 0.97{95% CI 0.94–1.00}, p = 0.03]).

Conclusions: Our review highlights that the odds of clinical outcomes in CD patients

receiving biological treatment relative to placebo have been stable in the last decades.

K E YWORD S

biologics, clinical remission, clinical response, Crohn's disease, meta‐analysis, randomized
controlled trial, RCT, systematic review, therapeutical ceiling, therapy

INTRODUCTION

Inflammatory bowel diseases (IBD), which include Crohn's disease

(CD) and Ulcerative Colitis (UC), have been treated with biologics

for more than 20 years.1 The first biological agent tested and

approved for IBD treatment was infliximab, an anti‐tumor necrosis
factor (anti‐TNF) compound.2 At that time, clinical response and
remission results were substantially better than those of conven-

tional therapies, hailing a new era of improved outcomes for pa-

tients with IBD.3 Over the last decade, the number of biological

agents with alternative mechanisms of action has gradually

increased, resulting in considerable number of therapeutic options

for patients with IBD.3,4 For CD, these include anti‐TNF agents
(infliximab, adalimumab, and certolizumab pegol), anti‐integrin
agents (vedolizumab), and, most recently, selective monoclonal

antibodies for different interleukins, such as ustekinumab (IL‐12/
23), risankizumab (IL‐23), guselkumab and mirikizumab (IL‐23).5,6

The latter three are still under development for the adult IBD

population. In addition, some biosimilar agents are now also

available.5–7

The relatively recent advent of new biological drugs and bio-

similars has revolutionized IBD treatment, allowing for a treat‐to‐
target approach made possible by more effective treatments. How-

ever, some authors8–10 have proposed that current therapies for IBD

are suboptimal as the rates of clinical remission (particularly with

anti‐TNF agents) have shown a ceiling effect.
We conducted a systematic review and meta‐analysis to assess

time trends in clinical response and remission in CD patients treated

with biologics and to evaluate the evidence supporting the need for

new treatment strategies.

Key summary

Summarise the established knowledge on this subject

� The availability of biological agents for Crohn's disease

patients has increased over the past years and this study

aims to explore time trends in clinical response and

remission rates.

What are the significant and/or new findings of this study?

� Our review highlights that the odds of clinical outcomes

in CD patients receiving biological treatment relative to

placebo have been stable in the last decades.

� It remains to be determined the specific reasons leading

to the therapeutic ceiling.
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METHODS

Search strategy

This systematic review and meta‐analysis was registered with PROS-
PERO (CRD42022292527) and designed according to the Preferred

Reporting Items for Systematic Reviews and Meta‐Analyses.11 MED-
LINE (via PubMed), Cochrane, and ISI Web of Science databases were

searched from inception to 15 March 2022, with the following key-

words or medical subject heading (MeSH) terms (Crohn's disease

[MeSH Terms] odds ratio (OR) Crohn's diseaseOR IBD [MeSHTerms])

AND (randomized controlled trial OR trial OR randomized clinical trial

(RCT)) AND (biologics OR biological therapy OR infliximab OR anti‐
TNF OR vedolizumab OR adalimumab OR certolizumab OR usteki-

numab OR risankizumab) AND (clinical remission OR clinical response

OR endoscopic remission OR biomarkers OR mucosal healing OR

histologic remission). No publication date or language restrictions

were applied at this stage. We manually searched reference lists to

ensure that all relevant articles were identified and included those

pertaining to guselkumab, mirikizumab, and upadacitinib.

Eligibility criteria

Using the PICO (P: Population; I: Intervention; C: Comparison; O:

Outcome) model, we searched for phase II or phase III RCTs

addressing the induction and maintenance phases of biological

treatments (infliximab, adalimumab, certolizumab, vedolizumab,

risankizumab, ustekinumab, guselkumab, and mirikizumab) in pa-

tients with moderate to severe active Crohn’ disease. All studies

including biological therapies as a first‐ or second‐line treatment and
that achieved positive outcomes (defined as being statistically supe-

rior to those observed in the placebo group) were included.

The selected outcomes were clinical remission and
clinical response

The exclusion criteria were (i) systematic reviews, review articles,

animal and in vitro studies, guidelines, and editorials; (ii) studies

enrolling patients with diseases other than CD; (iii) studies that did not

differentiate between CD and UC, in the results; (iv) RCTs that did not

test biological treatments; (v) RCTs with active comparator group; (vi)

RCTs enrolling pediatric patients; (vii) studies that did not assess the

outcomes of interest; and (viii) study reports not written in the English

language.

Study selection and data collection

To begin, titles and abstracts were analyzed, and studies that did not

fulfill the eligibility criteria were excluded. Afterwards, the full texts of

the remaining studies were evaluated to determine their inclusion or

exclusion. Each evaluator (PM and CA) compiled a separate list of

articles to be included according to the eligibility criteria. The lists

were then compared and disagreements were solved by dialogue and

consensus. From each selected study, the following information was

collected: authors; trial name; phase of the study (induction or main-

tenance); period of data collection; publication year; cohort's region/

country of origin; the type of treatment (identity of the biologic

agent); placebo only; duration of the study; disease duration; number

of patients enrolled in the intervention and the placebo groups;

definition of clinical remission; clinical remission results at the pre-

fixed timepoints; percentage of patients achieving clinical remission

per study group; definition of clinical response; clinical response re-

sults at the prefixed timepoints; and percentage of patients achieving

a clinical response per study group.

Outcomes and summary measures

The outcomes were the proportions of clinical remission and clinical

response observed in the group treated with the biological drugs

compared with those of the placebo group. Clinical remission and

clinical response definitions were used as reported in the individual

studies. In the event of multiple treatment groups, data were syn-

thesized by combining groups to create a single pair‐wise comparison
as recommended by Cochrane.12 This same rule was appliedwhenever

studies did not report global values regarding disease duration; thus,

medians were used as a summary measure. In addition, we performed

a sub‐analysis of the maintenance studies by identifying which pre-
sented a funnel approach to the trial design, that is, by not allowing

patients who did not achieve the outcomes to continue the study

(Supplementary Figure 1). We also performed a sensitivity analysis to

check whether prior exposure to biologics (bio‐naïve and bio‐experi-
enced) affected the overall results.

Quality assessment

The methodological quality of the studies was determined using the

Critical Appraisal Skills Programme checklist.13 The authors assigned a

global quality score based on 11 questions that assessed the validity,

results, and applicability of each RCT.

Statistical analysis

Data were extracted or calculated and the two groups (intervention

and placebo) were compared to estimate absolute proportions, OR,

and 95% confidence interval (CI) for clinical remission or response.

The Mantel–Haenszel random‐effect method, which considers vari-
ance as a summary of the study‐level heterogeneity, was used. Sta-
tistical heterogeneity was assessed using the Cochran χ2 method and
the I2 statistic (substantial heterogeneity was assumed if I2 > 50%).
Subgroup analyses were conducted to evaluate time trends according

to the following categories: before 2005, between 2005 and 2010,

between 2011 and 2015, and after 2015. The category assigned to
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each study was based on the time period in which they were con-

ducted. Moreover, by using meta‐regression analysis, we tested the
effect of the publication year, disease duration, prior anti‐TNF
exposure, and prior immunomodulator (IM) exposure on the odds

of achieving the relevant clinical outcomes. Both the Harbord test

and visual analysis of funnel plots were used to detect potential

publication bias.12 A sensitivity analysis was performed to assess the

influence of any particular study on the overall results.

In addition, the proportions of outcomes, according to the pub-

lication year, were presented graphically using a local regression

smoothing technique and 95% confidence intervals. All analyses and

charts were made using R software (version 4.1.0).

RESULTS

Literature search and study selection

The electronic database search yielded 5654 records (2580 records

in MEDLINE‐Pubmed, 1155 in Cochrane Library, and 1919 in ISI
Web of Science); the manual search did not identify any additional

studies. After removing duplicates (n = 998), 4656 records remained,
of which 3316 were excluded. The remaining 106 were assessed for

eligibility. Eighty‐two studies were excluded following the eligibility
assessment, resulting in a total of 25 trials selected for inclusion in

the systematic review (Supplementary Figure 2).

Characteristics of the included studies

The clinical and demographic characteristics of each study are shown

in Table 1. Trials’ specific findings such as the total number of selected

patients, the weeks considered by each study to define the main

outcomes, and the final number of patients reaching clinical remission

and/or clinical response are reported in Table 2. Like‐wise, patients'
disease duration is reported in Supplementary Table 1.

Except for two studies,14,15 all studies were full‐text. Although
all studies were published from 1997 onwards, the study period

ranged from 1995 to 2022.Most were conducted in Europe,16–27 12 in

the USA,16–18,20–24,26–29 four in Africa,16,23–25 five in Asia17,23,24,30,31

and four in Oceania,16,22–24 being the majority intercontinental.16–

18,20–27,29,32–38 Overall, the studies enrolled 8879 CD patients, vary-

ing from 4238 to 77816 patients.When assessing the outcomes, clinical

remissionwas estimated in 2514–38 studies, while clinical responsewas

assessed in 1716,17,20,21,23,24,26,28–31,33–38 studies.

Clinical remission

Induction

Theproportion of patients achieving clinical remission at the end of the

induction phase was available in 1814,15,17,21–23,25,26,28–36,38 studies

(Table 2). The pooled OR for achieving clinical remission in induction

studies for patients receiving intervention versus placebo was 2.18

(95%CI 1.73–2.74, I2= 46%, p < 0.01; Figure 1). The odds of achieving
clinical remission were constant over time, as we did not observe

statistically significant differences across time categories (p = 0.19;
Figure 1). Additionally, onmeta‐regression, the year of publicationwas
not a statistically significant covariate for the odds of achieving

remission (p = 0.73); Figure 2a). Other factors, such as disease dura-
tion, prior anti‐TNF exposure, and prior IM exposure, were considered
in the meta‐regression models and none were associated with signif-
icant changes in clinical remission during induction. Also, meta‐
regression performed on bio‐naïve or bio‐experienced patients sepa-
rately indicated that the year of publication was not a statistically

significant covariate for the odds of achieving remission.

Maintenance

On the other hand, the pooled OR for clinical remission in mainte-

nance studies (1316–21,24,27,30,31,33,34,37 studies) was 2.31 (95% CI

1.90–2.82, I2 = 40%, p < 0.01; Figure 3). As in the induction studies,
no differences among time categories were observed (p = 0.24;

Figure 3). However, meta‐regression showed a significant impact of
the year of publication on the odds of achieving clinical remission

(p = 0.049), meaning that for every additional year, the effect size of
the study is expected to decrease by 0.049 (Figure 2b).

Considering only maintenance studies presenting a funnel

approach to the trial design (nine14,18,20,24,30,31,33,34,37 studies), the

pooled OR was 2.11 (95% CI 1.75–2.54, I2 = 25%, p < 0.01, Sup-

plementary Figure 3). Again, no differences between time categories

were observed (p = 0.29; Supplementary Figure 3). However, the

heterogeneity level improved in this group. Focusing on the studies

without funneling,16,19,21,27 the pooled OR was 2.65 (95% CI 1.79–

3.93, I2 = 60%, p < 0.01; Supplementary Figure 3). Overall, we did not
observe statistically significant differences over time while analyzing

each drug individually (Supplementary Figure 4).

The sensitivity analysis approach summarized in Supplemen-

tary Table 3 was conducted for clinical remission in both treatment

phases (induction and maintenance): five22,26,28,30,31 and

six16,18,19,30,33,37 bio‐naïve studies and eight21,23,29–31,33,35,36 and
five16,20,30,33,37 bio‐experienced studies, respectively. As in the global
analyses, there were no differences among time categories according

to prior patient experience with biologics. In addition, leave‐one‐out
analyses did not modify global results (Supplementary Figure 5A).

Finally, we plotted OR values across the publication year and

observed a consistent decline regardless of the treatment phase

(Supplementary Figure 6).

Intervention versus placebo effect

We also analyzed the proportion of patients achieving clinical

remission by comparing the intervention and placebo groups
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according to the publication year. The resulted evidenced contrasting

behaviors in induction and maintenance studies. The intervention

groups presented slightly downward and upward trends in induction

and maintenance studies, respectively, while in the placebo

groups, we observed an increasing proportion in both phases

(Supplementary Figure 7).

Moreover, we displayed proportion values by publication year

and disease duration and found mostly constant levels (horizontal

sheet), regardless of the administration group and study phase

(Supplementary Figure 8).

Clinical response

Induction

The proportion of patients achieving a clinical response at the end

of the induction phase was available in 1614,17,20,21,23,26,28–36,38

studies (Supplementary Table 2). The pooled OR for clinical

response in patients receiving intervention versus those under pla-

cebo was 2.27 (95% CI 1.83–2.81, I2 = 54%, p < 0.01, Figure 4). The
odds of response in induction studies were constant over time as no

statistically significant differences were observed across time cate-

gories (p = 0.43; Figure 4). Accordingly, meta‐regression analysis
showed no effect of publication year on the results (p = 0.52;

Figure 5a).

Maintenance

Regarding maintenance studies (seven16,20,21,24,30,34,37 studies), the

pooled OR for clinical response was 2.18 (95% CI 1.59–2.99,

I2 = 70%, p < 0.01, Figure 6). As in the induction studies, there were
no differences among time categories (p = 0.59, Figure 6). Addi-

tionally, meta‐regression was not statistically significant for publi-
cation year (p = 0.32; Figure 5b).

Focusing only on maintenance studies showing a funnel strategy

(five20,24,30,34,37 studies), the pooled OR was 2.18 (95% CI 1.46–3.28,

I2 = 63%, p < 0.01, Supplementary Figure 9). Likewise, no differences
between time categories were observed (p = 0.24; Supplemen-

tary Figure 9). However, the heterogeneity level decreased in this

group compared with Figure 6. Overall, we did not observe significant

differences between time categories while analyzing each drug

separately (Supplementary Figure 10).

The same sensitivity analyses reported above for clinical remis-

sion (Supplementary Table 3) were performed also for clinical

response induction (bio‐naïve six21,26,28,30,31,33 studies; bio‐
experienced nine21,23,29–33,35,36 studies) and maintenance (bio‐naïve
three21,24,30 studies; bio‐experienced six16,20,24,30,32,37 studies). As
for clinical remission, there were no differences among time cate-

gories according to prior patient experience with biologics.

In addition, leave‐one‐out analyses did not affect the overall
results (Supplementary Figure 5B).T
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Finally, we plotted OR values throughout publication

years, showing distinct trends in both treatment phases (Supple-

mentary Figure 11). However, the increasing slope observed

in the maintenance group is driven solely by the Targan et al. 1997

trial.26

Intervention versus placebo effect

As for clinical remission, we also looked at the proportion of patients

achieving a clinical response by comparing intervention and placebo

groups across publication years and found comparable trends in in-

duction and maintenance studies. Both intervention and placebo

groups presented downward slopes regardless of the study phase

(Supplementary Figure 12).

In addition, we plotted proportion values according to publica-

tion year and disease duration and observed mostly constant levels

(horizontal sheet) despite the administration group or study phase

(Supplementary Figure 13).

Quality of studies and publication bias

The risk of bias assessment was low (green dots) for most studies.

Overall, the reporting quality was adequate. Nevertheless, some

doubts persisted regarding the identification and control of con-

founding factors, as portrayed by the yellow dots. Also, the extrapo-

lation to the general population was limited (Supplementary Table 2).

Regarding the meta‐analyses, the funnel plot suggested a low risk
of publication bias for both clinical outcomes (Harbord test not sig-

nificant and even scattering to both sides; Supplementary Figure 14).

DISCUSSION

This systematic review and meta‐analysis reviewed RCT presenting
results for clinical remission and response of moderate‐to‐severe CD
patients treated with biological agents. The primary aim of the study

was to determine whether there was a relative difference between

active drugs and placebo over time. In addition, we included disease

duration in the analysis to assess how this variable affected clinical

outcomes after an increasing course of biological treatment

administration.

No differences in terms of clinical outcomes (response or

remission) were identified across temporal categories in both in-

duction and maintenance phases.

Moreover, the comparison between the intervention and the

placebo groups does not appear to be affected by the publication

year. However, a progressive narrowing of the difference between

active treatment and placebo can be observed, especially in clinical

remission in maintenance studies, which aligns with our meta‐
regression results. A sensitivity analysis clarified that different

covariates, such as bio‐naïve patients or bio‐experienced patients, doT
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F I GUR E 1 Pooled odds ratio (OR) for clinical remission across time categories in induction studies. CI: Confidence interval; MH: Mantel–
Haenszel.

F I GUR E 2 Impact of publication year on effect estimates for the odds of achieving clinical remission in: (a) Induction studies;
(b) Maintenance studies. The size of the circles is proportional to the weight of the individual publication. OR, Odds Ratio.
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not have a relative influence on the effect estimates of the study.

Even though the findings are consistent with the primary analysis, a

careful interpretation is warranted as not all studies included infor-

mation about the outcomes in this subgroup of patients.

As mentioned before, these results compared with placebo in the

ideal, not real‐world, setting of an RCT have not changed over time.
These results shall be confirmed through future studies in a real‐
world setting. Even though the results are in agreement with previ-

ous reports,10 they may be explained by the following considerations:

(i) despite the recent enrichment of the therapeutic armamentarium,

CD remains a progressive, long‐standing disease; (ii) patients are
known to become refractory to different lines of treatment over

time, both in monotherapy or in combination with immunomodula-

tors. A recent study by Ben‐Horin and colleagues10 linked longer
disease durations (above 18 months) with lower rates of induction of

remission in CD patients receiving either biologics or placebo

therapy.

In addition, despite the recent trend to favor a treat‐to‐target
approach, in which a specific effort is made to change the natural

history of the disease via a step‐by‐step achievement of previously
defined clinical outcomes, the outcomes reported in clinical trials

are still outdated and based mainly on subjective measurements

such as the Crohn's Disease Activity Index (CDAI) score. These

measurements are prone to bias from patients reporting their own

symptoms and likely to be influenced by their expectations

regarding the progress of the disease.39 Nevertheless, since these

outcomes have been consistently used in the literature, their in-

clusion enables longitudinal analyses, consequently increasing the

study's statistical power. Additional factors may have influenced

the result of this review and meta‐analysis: (i) the differences in
assessing clinical remission and response in CD patients over time;

(ii) even though the design of clinical trials has evolved over time to

overcome the heterogeneity of patients’ characteristics, study

populations may remain non‐comparable, for example, due to the
inclusion of patients pre‐treated with several medications such as
distinct biologics; and (iii) the inclusion of patients with different

disease duration and with mostly active IBD due to strict inclusion

parameters with objective validation of active inflammation, in

recent years. All these issues may have resulted in lower response

or remission rates over time. More sub‐analyses could have been
relevant for the overall analysis, but this was not possible as only

global baseline characteristics of each study patient population

F I GUR E 3 Pooled odds ratio (OR) for clinical remission across time categories in maintenance studies. CI, Confidence interval; MH,
Mantel–Haenszel.
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were available. Comparing bio‐naïve patients with short disease
duration and using standard definitions for response and remission

would provide more reliable results, but these data are also

unavailable.

This study may also be limited by the disadvantages of most

systematic reviews, as the selected search expressions might have

missed some studies. In addition, the time categories selected for the

meta‐analysis could have affected the results; however, we tested

F I GUR E 4 Pooled odds ratio (OR) for clinical response across time categories in induction studies. CI, confidence interval; MH, Mantel–

Haenszel.

F I GUR E 5 Impact of publication year on effect estimates for the odds of achieving clinical response in: (a) Induction studies;

(b) Maintenance studies. The size of the circles is proportional to the weight of the individual publication. OR, Odds Ratio.
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other pairings, and the results remained similar. It is worth mentioning

that in the present analysis, we grouped therapeutic agents with

different mechanisms of action within the same category to increase

the statistical power. Although we are aware that this could have

obscured a potential effect restricted to a specific subcategory of

therapeutic agents, adopting such a strategy became unavoidable

considering the relative scarcity of relevant studies in the literature.

As additional primary studies become available in the future, a more

detailed analysis that could potentially uncover such effects may be

possible.

In conclusion, the present systematic review highlighted that the

achievement of clinical outcomes in CD patients receiving biological

treatment has not shown any clear pattern of change over the years.

Moreover, specific characteristics, such as disease duration, may not

have any noticeable effect. Asmentioned before, these results must be

interpreted carefully as they were derived only from RCTs, and real‐
world studies could have provided different results. If the ther-

apeutical ceiling is a reality, it remains to be determinedwhether it is (i)

due to the inability of novel biologic agents to further improve the

performance of older drugs; (ii) the result of substandard reporting of

clinical outcomes in clinical trials designed to test effectiveness; or (ii)

the result of a wrong strategy when compared to treat‐to‐target or
tight control.

To break the therapeutical ceiling in the future, some strategies

may be considered: (i) using different outcomes (based on patient‐
reported outcome and selected composite outcomes) to assess

treatment success; (ii) combining biologics/small molecules; (iii)

focusing on other treatment targets; (iv) combining drugs and

nutrition; and (v) modulating gut microbiota, among others.
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