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Summary  

Background: Loss of response to anti-TNF agents is a common clinical problem. Dose escalation 

may be effective for re-establishing clinical response in Crohn’s disease (CD).   

Aims: To perform a systematic review assessing the efficacy of escalated maintenance anti-TNF 

therapy in CD. 

Methods: EMBASE, MEDLINE, Web of Science, and CENTRAL databases were searched for 

English language publications through to April 25, 2021. Full-text articles evaluating escalated 

maintenance treatment (infliximab or adalimumab) in adult CD patients were included.   

Results: A total of 4733 records were identified, and 68 articles met eligibility criteria. Rates of 

clinical response (33-100%) and remission (15-83%) after empiric dose escalation for loss of 

response to standard anti-TNF therapy were high but varied across studies. Dose intensification 

strategies (doubling the dose versus shortening the therapeutic interval) were similarly efficacious. 

Dose-escalated patients tended to have higher serum drug levels compared to those on standard 

dosing. An exposure-response relationship following dose escalation was found in a number of 

observational studies. Randomised controlled trials comparing therapeutic drug monitoring (TDM) 

to empiric treatment intensification have failed to reach their primary end-points. Strategies 

including Bayesian dashboard-dosing and early treatment escalation targeting biomarker 

normalisation were found to be associated with improved long-term outcomes.   

Conclusions: Empiric escalation of maintenance anti-TNF therapy can recapture clinical 

response in a majority of patients with secondary loss of response to standard maintenance 

doses. Proactive optimisation of maintenance dosing might prolong time to loss of response in 

some patients. 

 

Keywords: Crohn’s disease, infliximab, adalimumab, dose escalation, therapeutic drug 

monitoring 

 

 

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 4 

1. Introduction  

Crohn’s disease (CD) is a chronic inflammatory disorder of the gastrointestinal tract which causes 

progressive intestinal damage and disability.1 Anti-tumour necrosis factor alpha (anti-TNF) 

monoclonal antibodies are the mainstay of treatment for moderate to severe CD when 

conventional treatments have failed.2 The introduction of these agents (infliximab, adalimumab and 

certolizumab pegol) has revolutionised the treatment of CD, making control of inflammation and 

mucosal healing attainable therapeutic targets.3,4  

 

However, despite robust efficacy data, not all patients respond to anti-TNF therapy, and many lose 

response over time.5 Rates of primary nonresponse range from 10 to 30%, with secondary loss of 

response by 12 months as high as 23 to 46% (dose escalation rates) or 5 to 13% (drug 

discontinuation rates).5 Immunogenicity is an established mechanism of treatment failure,6 with 

antidrug antibodies developing within the first 12 months of treatment in most cases.7 The 

implications of treatment failure are significant, including the risks of disease progression, 

complications and surgery,1,5 as well as the economic consequences.8 

 

With each subsequent biologic therapy, clinical response rates fall.6 Therefore, it is important that 

each anti-TNF agent be optimised prior to switching to an alternative. Standard dosing of 

infliximab (5mg/kg every eight weeks) and adalimumab (40mg every other week), as defined in 

registration studies,9-11 is efficacious for maintaining remission in CD. However, emerging 

strategies for optimising anti-TNF therapy support dose escalation in certain clinical 

scenarios.3,4,6,7,12 Such strategies may achieve early control of disease activity and  longer-term 

remission,12 with the potential to limit disease progression and alter the natural history of this 

condition.4 

 

Therapeutic drug monitoring (TDM) may be used to guide clinical decision-making in response to 

treatment failure, often referred to as ‘reactive’ TDM.6,7 ‘Proactive’ TDM, or dose adjustments to 
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meet drug level targets in the absence of clinical or biochemical loss of response, remains a 

controversial strategy.6,7  Various treatment algorithms based on serum drug levels and the 

presence or absence of antidrug antibodies have been described.5-7 Subtherapeutic drug levels 

are associated with an increased risk of antibody formation.13 In turn, the development of 

antibodies is associated with lower drug levels and an increase in disease activity.14-16   

 

Loss of response to anti-TNF therapy and the subsequent need for dose intensification have been 

well described,5 however, the evidence for dose escalation in CD (with or without guidance from 

TDM) remains controversial. In this systematic review, we aimed to assess the clinical efficacy of 

dose escalation in CD patients receiving maintenance infliximab or adalimumab therapy. We also 

aimed to compare the efficacy of dose escalation strategies and evaluate the role of TDM based 

dosing. Finally, we sought to identify predictors of response to dose-escalated therapy.     

 

2. Materials and methods   

This systematic review was performed in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) statement17 (Table S1) using an a priori 

established protocol. The protocol was registered in the International Prospective Register of 

Systematic Reviews (PROSPERO, registration ID: CRD42020206069).   

 

2.1  Data sources and search strategy   

We performed a systematic search of English language articles from inception through to 26 

August 2020 using six electronic databases: EMBASE+EMBASE Classic (Ovid), MEDLINE, 

MEDLINE In-Process, Epub Ahead of Print, Web of Science and, the Central Cochrane Register 

of Controlled Trials (CENTRAL). The search was then updated on 25 April 2021. The search 

strategy used a combination of free-text and medical subject heading (MeSH) terms to capture the 

following concepts: i) Population: adult patients with CD (eg “Crohn’s disease” [MeSH]); ii) 

Intervention: anti-TNF drugs (eg “infliximab” or “adalimumab”); iii) Anti-TNF dose optimisation (eg 
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“dose escalation” or “dose intensification” or “empiric dose escalation” or “therapeutic drug 

monitoring”) 

 

The full search strategy for each database is shown in Tables S2-5. We also manually searched 

reference lists of key publications and the proceedings from Digestive Disease Week, United 

European Gastroenterology Week and European Crohn’s and Colitis Organisation for the past five 

years to identify additional studies and emerging data. The clinicatrials.gov and controlled-

trials.com databases were searched for ongoing trials. All search results were imported into a 

reference management software (Endnote X8, Clarivate Analytics) and duplicates were removed. 

Two authors (VYM and EKW) independently screened records by title and abstract, followed by 

full text, using predefined eligibility criteria, on Covidence (Covidence systematic review software, 

Veritas Health Innovation, Melbourne, Australia). Any disagreements between the authors were 

resolved by discussion, with third-party input as required. 

 

2.2   Selection criteria    

Studies were eligible for inclusion if they met all of the following criteria: i) full text publications;      

ii) study design: interventional (randomised or nonrandomised) or observational (prospective, 

retrospective or case-control); iii) adult population (age ≥18 years); iv) patients with luminal and/or 

perianal CD on maintenance anti-TNF therapy (infliximab or adalimumab); v) At least 10 patients 

on escalated dosing (regular maintenance doses exceeding 40mg every other week for 

adalimumab and 5mg/kg every eight weeks for infliximab); vi) Reporting on at least one of the 

following outcomes of interest defined as per authors in individual studies:  

• Primary outcome: clinical response and clinical remission after dose escalation 

• Secondary outcomes: biochemical response, biochemical remission, endoscopic response, 

endoscopic remission, radiologic response, radiologic remission, fistula healing, fistula 

closure, change in anti-TNF drug level, change in antidrug antibody titre 
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Exclusion criteria were as follows: i) studies only available in abstract form; ii) case reports, case 

series, reviews and meta-analyses; iii) studies that only provided pooled analyses for patients with 

CD and UC  

 

2.3   Data extraction   

Data from included studies were extracted in duplicate into a standardised data table in Excel 

(Microsoft software) by two independent authors (VYM and EKW). Any disagreements were 

resolved by consensus and reference to the original paper. The following predefined data were 

extracted: first author, year of publication, country where study was conducted, study design, 

single or multicentre, study duration, sample size, duration of follow up, population characteristics 

(disease phenotype, disease duration, prior anti-TNF exposure, concomitant therapy). The 

following data about the study intervention were extracted: biologic agent(s) used, anti-TNF 

optimisation strategy (empiric or TDM guided), escalated dosing schedule(s), time to dose 

escalation, proportion of patients on escalated dosing. Data on clinical, biochemical, endoscopic 

and/or radiologic outcomes after anti-TNF dose escalation were extracted. If available, 

pharmacokinetic data including anti-TNF drug levels, antidrug antibody titres and type of assay 

used were also recorded.  

 

2.4  Risk of bias assessment   

Two authors (VYM and EKW) independently evaluated the RCTs using the Cochrane 

Collaboration’s tool for assessing risk of bias in randomised studies.18 Bias was assessed across 

six domains: selection bias, performance bias, detection bias, attrition bias, reporting bias, and 

other bias using Review Manager (RevMan version 5.4, Copenhagen: The Nordic Cochrane 

Centre, The Cochrane Colaboration, 2020). The RCTs were considered at low risk of bias if all 

domains were rated low risk of bias, at high risk of bias if one or more domains were rated high 

risk of bias, and at unclear risk of bias if one or more domains were rated unclear risk of bias with 

no high risk domains. Observational studies and post hoc analyses of RCTs were assessed using 
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the Newcastle-Ottawa scale (NOS).19 Bias was evaluated across three domains: selection of study 

groups, comparability of groups and, ascertainment of exposure and outcomes. Studies were 

considered at low risk of bias if rated 7-9 stars on the NOS (out of a total maximum of 9 stars), at 

moderate risk of bias if rated 4-6 stars, and at high risk of bias if rated 0-3 stars. Any discrepancies 

in the risk of bias assessment were resolved by discussion and reference to the original paper.   

 

2.5   Data synthesis  

Data from included studies were summarised in a qualitative synthesis. We did not perform a 

meta-analysis due to substantive heterogeneity in study design, therapeutic strategy and protocol 

for anti-TNF optimisation, and duration of follow-up in the included studies.  

 

3. Results  

3.1  Search results and study characteristics   

The search results are summarised in Figure 1. All eligibility criteria were met in the 68 articles 

included. Of the included studies, nine were RCTs, nine were post-hoc analyses of the RCTs, and 

five were single-arm trials. We included two reports of the Steenholdt RCT, with a 12 week follow 

up20 and a 20 week follow up.21 In addition, 44 observational studies were reviewed, of which only 

10 were prospective studies. Of the retrospective studies, one was a follow-up study of the Trough 

Concentration Adapted Infliximab Treatment trial (TAXIT).22  

 

Adalimumab was dose escalated to 40mg weekly in most studies (n= 27), although a small 

number of studies escalated patients to 80mg every other week (n= 4), 80mg weekly (n= 1) or 

40mg every ten days (n= 2). For infliximab, dose escalation was defined as a shortening of 

treatment interval to 4-7 weeks (n= 7), an increase in dose up to or exceeding 10mg/kg (n=9), or a 

combination of both (n=21). Across included studies, secondary loss of response to standard 

dosing was defined by global physician assessment and/or objective evidence of increased 

disease activity in patients with previous response to therapy. Clinical response and remission 
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were generally reported using standardised clinical indices (Crohn’s Disease Activity Index [CDAI] 

or Harvey Bradshaw Index [HBI]). Across the included studies, clinical response was defined as a 

decrease in CDAI score of 50-70 points or more, or a decrease in HBI score of 3 or more points. A 

CDAI score less than 150 or a HBI score below five indicated clinical remission.  

 

3.2  Risk of bias assessment    

The risk of bias assessment for RCTs is presented in Figure S6. All but one study23 described the 

randomisation process and allocation concealment sufficiently. None of the studies were assessed 

to be at risk of attrition bias due to incomplete outcome data. The CALM trial3 and the PRECISION 

trial12 were at a high risk of bias due to lack of participant or investigator blinding. The outcome 

assessors were not blinded to TDM data in the Steenholdt RCT20 leading to a high risk of bias. 

Overall, five of the RCTs were found to be at low risk of bias,9-11 three studies were at a high risk 

of bias,3,12,20,21 and one study23 was rated as having some concerns around risk of bias. 

 

The majority of observational studies (n=34) received 4-6 stars out of 9 on the NOS scale 

indicating a moderate risk of bias, the remainder of the studies (n=23) were at a low risk of bias 

(Table S7). As data from observational studies was largely retrospective, outcomes of interest 

were often present at the outset increasing the potential for bias. Important confounders were 

uncontrolled in some cases with differences in care delivery and non-standardised protocols for 

anti-TNF optimisation.  

 

3.3  Standard maintenance dosing of infliximab and adalimumab  

Our literature search identified three RCTs that validated anti-TNF dosing schedules in large 

prospective cohorts.9-11 The Crohn’s Trial of the Fully Human Antibody Adalimumab for Remission 

Maintenance (CHARM)10 was a double-blind maintenance study in patients with moderately to 

severely active CD (n=854). All patients received open-label induction with adalimumab 80mg at 

week 0 and 40mg at week 2. Following this, patients were randomised to one of three 
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maintenance arms: adalimumab 40mg every other week, 40mg weekly or placebo. The coprimary 

endpoints were clinical remission (CDAI<150) at weeks 26 and 56. Both adalimumab dosing 

regimens were found to be superior to placebo, and equally effective in maintaining remission at 

both week 26 (39.5% 40mg every other week vs 46.5% 40mg weekly, P=0.22) and week 56 (36% 

vs 41.4%, P=0.34).10 

 

In ACCENT I,11 all patients received a 5mg/kg infliximab infusion at baseline (n=580). Patients 

were then randomised to receive placebo (group I), infliximab 5mg/kg (group II) or infliximab 

10mg/kg (group III) with infusions at week 2, week 6 and every eight weeks thereafter. Infliximab 

maintenance treatment was superior to placebo, with infliximab-treated patients more likely to be 

in clinical remission (CDAI<150) at week 30 compared to patients receiving placebo (OR 2.7, 95% 

CI 1.6-4.6). However, there was no clinically significant difference in remission rates between the 

two infliximab dosing strategies at week 30 (OR 1.3, 95% CI 0.74-2.20) or week 54 (OR 1.58, 95% 

CI 0.90-2.80).11 

 

3.4   Efficacy of anti-TNF dose escalation  

3.4.1 Clinical response and remission  

Clinical outcomes following anti-TNF dose escalation are shown in Tables 1-2. The majority of 

clinical efficacy data were from retrospective studies with subcohorts that underwent empiric dose 

escalation (without the use of TDM) for loss of response to standard treatment. Twenty studies 

reported clinical outcomes following empiric escalation of maintenance adalimumab.10,23-41 

Response rates ranged from 33 to 100% (Figure 2), and remission was achieved in 15 to 83% of 

patients at any point after treatment escalation.10,23-41 In 15 of these studies, more than half of the 

patients regained clinical response after dose escalation.23-25,27-32,35-39,42 In the study by Narula et 

al,31 only one (7.1%) of the 14 anti-TNF naïve patients escalated to 40mg weekly achieved clinical 

remission at the end of follow-up. For infliximab, rates of clinical response and remission following 

empiric escalation for treatment failure ranged from 34 to 90% and 26 to 81%, respectively, across 
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12 studies (Figure 3).28,31-33,43-50 In eight of these studies, intensified therapy recaptured response 

in over 50% of the patients.28,36,45-50 In one retrospective study (n=265), a switch to adalimumab 

achieved numerically higher rates of clinical response (83.3%) than infliximab dose escalation 

(42.3%).32  

 

Sustained clinical response and remission beyond 12 months from the time of dose escalation 

were reported in 14 studies and ranged from 33 to 90% for response and 28 to 81% for 

remission.27,31,33-36,41,42,45-48,50,51 Similar rates of loss of response to dose-escalated treatment 

(tertiary loss of response) were reported across five studies.27,30,44,45,52 In the study by Ma et al,30 

over half (56.8%) of those that responded clinically to escalated adalimumab subsequently lost 

response (median time to tertiary loss of response 47.9 weeks [IQR 24.7-80.3]). In another study45 

of 82 patients receiving high dose infliximab therapy, 33% discontinued treatment after a median 

of 31.3 weeks.  

 

3.4.2 Biochemical response and remission  

Twelve studies analysed the biomarker response to anti-TNF dose escalation.3,25,27,34,39,45,49,51,53-56 

Of these, six showed a significant reduction in CRP with anti-TNF dose escalation.45,49,51,54-56 A 

post-hoc analysis53 of the TAILORIX trial showed a significant decrease in faecal calprotectin 

(P=0.049) but not in CRP (P=0.193) following escalation of infliximab dosing. 

 

3.5  Optimisation strategies for anti-TNF therapy  

3.5.1 Interval shortening versus dose doubling  

In five retrospective studies comparing dose escalation strategies, doubling the infliximab dose 

versus shortening the treatment interval led to similar clinical and biochemical outcomes.47,48,51,53,54 

In the study by Dreesen et al,54 dose escalation failed to achieve therapeutic infliximab levels 

(≥3μg/mL) when high titre antidrug antibodies (>282 ng/L) were present, regardless of dosing 

strategy. However, when antibodies were quantifiable but low (<282 ng/mL), a combination of 
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increased dose and reduced interval was most effective at restoring drug levels, followed by dose 

doubling alone, which was superior to interval shortening alone (P=0.0005). In the absence of anti-

infliximab antibodies, all three strategies were equally effective at restoring serum drug levels in 

patients with loss of response.54 For adalimumab, Duveau et al27 showed that 40mg weekly dosing 

was associated with higher rates of clinical response at 12 months (P=0.03) and lower rates of 

tertiary loss of response (P=0.01) compared to 80mg every other week. 

 

3.5.2 Dose escalation versus anti-TNF re-induction  

One retrospective study57  (n=80) compared anti-TNF re-induction to shortening the dosing interval 

in a cohort with complex CD (91% stricturing or penetrating) and secondary loss of response. 

There was no significant difference in the rates of treatment failure within 12 months of re-

induction compared to dose escalation (24% vs 15%, P=0.27).57 However, beyond 24 months, 

rates of treatment failure were higher in the re-induction group compared to the dose escalation 

group, leading to a higher overall rate of treatment failure after re-induction over the course of the 

study (48% vs 24%, P=0.02).57 

 

3.5.3 Therapeutic drug monitoring  

Three RCTs compared TDM-guided dosing to empiric dose escalation.20,21,58,59  In a single-blind 

non-inferiority trial, 69 CD patients with loss of response to standard infliximab therapy were 

randomised to empiric escalation (5mg/kg every four weeks) or optimised using a TDM 

algorithm.20,21 The primary objective of this study was to demonstrate that the use of reactive TDM 

had comparable clinical efficacy to empiric dose escalation, but was significantly more cost 

effective. Clinical response rates were similar between the two groups at 12 weeks (57.6% TDM 

group vs 52.8% empiric group, P=0.810) 20 and 20 weeks of follow-up (75.8% vs 55.6%, 

P=0.128).21 This was also observed for perianal disease, with a similar decrease in Perianal 

Disease Activity Index (PDAI) scores for patients in the reactive TDM group versus the empiric 

treatment group at 12 weeks (P=0.421) 20 and 20 weeks (P=0.495).21 
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Restellini et al60 compared reactive TDM to empiric dosing in a retrospective cohort of CD patients 

with loss of response to adalimumab (n=104).  The primary outcome was the rate of composite 

remission, defined as HBI<5 with biomarker normalisation and Simple Endoscopic Activity Score 

(SES-CD) <3.  Similar proportions of patients achieved the primary endpoint in the TDM group 

versus the empiric escalation group at 3 months (42.3% vs 16%, P=0.619), 6 months (30.8% vs 

45.5%, P=0.328) and 12 months (39.4% vs 27.3%, P=0.978).60 Conversely, Kelly et al61 compared 

endoscopic outcomes after TDM based dose adjustment versus standard clinical management in 

CD and UC patients with documented endoscopic disease at baseline. While the baseline SES-

CD was comparable between the two groups, the TDM group had lower SES-CD scores 

compared to the clinically dosed group at median 6 months after dose optimisation (P=0.054).61 

 

In the TAXIT trial,58 all patients were initially dose adjusted to achieve therapeutic infliximab trough 

levels between 3-7 μg/mL. Following this proactive optimisation phase, the proportion of CD 

patients in clinical remission increased significantly compared to baseline (88.4% vs 65.1%, 

P=0.020). However, at 12 months after randomisation, there was no significant difference in 

clinical remission rates between the proactive TDM group versus patients dosed on symptoms 

alone (62.6% vs 54.9%, P=0.353). In terms of secondary endpoints, the proactive TDM group had 

fewer relapses (7% vs 17%, P=0.018) and longer times to relapse (P=0.017) compared to those 

who received standard care based on clinical symptoms. Pouillon et al22 conducted a retrospective 

follow-up study of the TAXIT cohort examining mucosal healing and the durability of infliximab 

treatment. The rates of mucosal healing were high at the conclusion of TAXIT, and similar 

between the proactive TDM group and the standard care group (91% vs 90%, P=1). Overall, the 

rate of infliximab discontinuation was similar, however, within one year, more patients in the 

clinically-based dosing group discontinued treatment compared to the proactive TDM group (37% 

vs 9.5%, P=0.04). Similarly, a multicenter retrospective study of 264 IBD patients demonstrated a 

significantly lower cumulative probability of treatment failure in infliximab-treated CD patients 
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where dosing was optimised by proactive versus reactive TDM over a median follow-up of 2.4 

years (log-rank P<0.001).62 

 

More recently, the TAILORIX trial59 evaluated proactive TDM in a cohort of biologic naïve patients 

with active luminal CD (n=122). The primary endpoint was corticosteroid-free remission 

(CDAI<150) at all visits between week 22 and week 52 of the study, with no ulcers at week 54, no 

surgery for bowel resection or abscess, and no new fistula. Again, incorporating proactive TDM 

data into clinical decision-making showed no significant benefit, with comparable proportions of 

patients achieving the primary endpoint across two dosing arms that utilised infliximab trough 

levels and one dosing arm that relied on symptoms and biomarkers alone (P=0.50).  

 

Fernandes et al conducted a prospective study of proactive TDM, with a historical control group 

that received conventional treatment.63 IBD patients completing infliximab induction were 

prospectively enrolled in the proactive TDM group (n=135) and were subsequently optimised to 

maintain infliximab trough levels between 5 – 10 μg/mL, with the primary outcome of faecal 

calprotectin remission (<250 μg/g) at two years of follow-up. The majority of patients were biologic 

naïve (85.6%) and were receiving concomitant immunomodulators (82.3%). At the end of follow-

up, rates of faecal calprotectin remission were higher in the proactive TDM group compared to the 

control group (72.0% vs 53.8%, P=0.018). Proactive TDM was also associated with higher rates of 

clinical remission (87.8% vs 72.5%, P=0.014).63 In an earlier study of the same cohort, CD 

patients (n=153) that were optimised by proactive TDM had higher rates of endoscopic remission 

(75.8% vs 41.7%, P<0.001) and fewer adverse disease outcomes (48.5% vs 70.0%, P=0.019) 

when compared to the historical control group that received standard care.64 

 

3.5.4 Individualised Bayes-based dosing  

The literature search identified two studies of Bayesian-based anti-TNF dosing in prospective 

cohorts of IBD patients receiving maintenance infliximab therapy.12,65 The PRECISION trial (n=80) 
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evaluated proactive dashboard dosing for adult IBD patients in stable clinical remission.12 Patients 

were randomised to either a ‘precision dosing’ group where infliximab maintenance doses were 

individualised to achieve and maintain trough levels at a target of 3 μg/mL using a dashboard 

system or a control group without dose adjustments. The dashboard system utilised Bayesian 

software and individual patient data, including drug levels, antidrug antibody titres, inflammatory 

markers, and other patient-specific variables such as body weight and gender, to proactively 

determine the optimal dose and infusion interval. A higher proportion of patients optimised by 

dashboard dosing remained in clinical remission, with fewer relapses, during 12 months of 

treatment compared to those who received standard care (90.9%% vs 63.6%, P=0.008). Patients 

in the precision dosing group also had lower faecal calprotectin levels (47 μg/g [IQR 6-120] vs 144 

μg/g [IQR 59-666], P=0.031) but this was not observed for CRP levels. Similarly, Juncosa et al 

found that clinical remission rates increased significantly from baseline in the 34 CD patients 

where treatment was proactively intensified with guidance from a dashboard system to maintain 

infliximab trough levels >3 μg/mL (23.5% to 38.2%, P=0.007).65 

 

3.5.5 Tight control  

The CALM trial3 compared early treatment escalation using a tight control strategy to standard 

clinical management in a prospective cohort of 244 adult patients with moderate to severe CD. 

The tight control group had treatment escalations according to strict clinical and biochemical 

criteria (CDAI≥150, CRP≥5mg/L, faecal calprotectin ≥250 μg/g or prednisolone use). The standard 

care group was escalated based on clinical disease activity alone (CDAI decrease of <100 points 

compared with baseline or CDAI≥200 or prednisolone use). The primary endpoint of mucosal 

healing (CDEIS<4) with the absence of deep ulcers at 48 weeks was achieved by 46% of the tight 

control group compared to 30% of the clinical management group (P=0.010). Overall, more 

patients in the tight control group were escalated to adalimumab 40mg weekly compared to those 

in the standard care group. A retrospective follow-up study of the CALM cohort found that patients 

who achieved endoscopic or deep remission after one year of intensified treatment were 
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significantly less likely to have disease progression, including new fistulas, strictures and 

hospitalisation or surgery for CD, over a median of three years.4 In a ‘real world’ context, a 

retrospective study of dose-escalated CD patients (n=149) found that management via a virtual 

clinic, where there is a tendency towards a ‘tight control’ approach with regular biomarker analysis, 

is associated with higher rates of treatment escalation success compared to standard outpatient 

care (P<0.001).66 

 

3.6   Relationship between anti-TNF dosing schedule and serum drug level 

Thirteen studies reported on serum drug levels following dose escalation.22,23,29,45,53,54,67-74 Of 

these, seven showed significantly higher drug levels in patients on escalated anti-TNF therapy 

compared to standard dosing.29,45,53,54,68-70 In a prospective study29 of 168 CD patients on 

maintenance adalimumab therapy, over half (65.4%) required escalation to weekly dosing. 

Adalimumab trough levels increased after dose escalation compared to baseline (4.8 μg/mL [2.3-

8.9] to 9.4 μg/mL [1.2-16.4], P=0.001). The increase in drug level was significantly higher for those 

that responded clinically to dose-escalated therapy versus non-responders (5.9 μg/mL [1.9-7.3] vs 

0.0 μg/mL [0.0-1.7], P<0.0001). In a post hoc analysis69 of the Steenholdt RCT, infliximab trough 

levels were found to be increased across all patients after the treatment interval was shortened to 

four weeks. However, the increase in drug level from the point of standard treatment failure was 

significantly higher in those that regained clinical response during the 12 week follow-up after dose 

escalation compared to non-responders (9.9 μg/mL [7.4-12.9] vs 4.7 μg/mL [1.7-10.6), P=0.040). 

These findings are supported by the Paul et al study,71 where an increase in infliximab trough level 

>0.5μg/mL after dose escalation was strongly associated with clinical remission (P=0.044) and 

mucosal healing (P=0.048). In a post-hoc analysis of the TAILORIX study by Dreesen et al,53 

infliximab trough levels after dose escalation were found to be significantly higher in patients 

without endoscopic ulceration at 54 weeks compared to those with endoscopic ulceration (8.0 

μg/mL[6.7-9.3] vs 5.1 μg/mL [4.5-5.8], P=0.002). Similarly, an infliximab trough level >7 μg/mL at 

all time points following dose escalation was associated with radiologic response (P=0.039) and 

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 17 

remission (P=0.019) in a sub-group analysis of the TAILORIX cohort.75 In five studies, however, 

an exposure-response relationship following treatment intensification was not observed.23,68,72-74,76  

 

3.7   Factors affecting response to dose escalation  

Twenty-two studies analysed factors which affect response to escalated anti-TNF therapy.   

Clinical disease activity: In a small prospective study (n=42) examining the efficacy of adalimumab 

80mg weekly in patients with active luminal CD, CDAI<260 at baseline predicted short term clinical 

remission following dose escalation (P=0.0016).25 Motoya et al39 found that baseline CDAI was 

significantly lower in patients who achieved clinical remission at week 24 after escalation to 

adalimumab 80mg every other week compared to those not achieving remission (OR 0.961, 95% 

CI 0.9307-0.9920). In the Suzuki et al trial,49 baseline CDAI <220 did not predict clinical remission 

at 40 weeks after dose escalation (P=0.116). The absence of prolonged steroid use was 

associated with sustained steroid-free remission after dose escalation in one study,28 while the 

need for concurrent steroids at anti-TNF induction predicted nonresponse to dose escalation in 

another study.30 

 

Disease phenotype: In the majority of literature reviewed, disease phenotype did not predict 

clinical response to dose escalation.25,30,39,45,51,56,59 In two retrospective studies, patients with 

complicated disease were more likely to respond to escalated therapy than patients with an 

inflammatory phenotype.27,47 However, in two other retrospective studies, nonstricturing 

nonpenetrating disease was associated with successful dose escalation.66,77 

 

Disease duration: Disease duration did not affect clinical response to escalated anti-TNF treatment 

in most cases.25,27,39,45 Older age at diagnosis was associated with a better response to dose 

escalation in a small number of studies.47,60,66 
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Prior anti-TNF exposure: Of ten studies, six showed no difference in response to escalated 

therapy according to previous anti-TNF exposure.15,25,27,45,47,57 In the Restellini et al study,60 

patients without prior infliximab exposure were more likely to achieve composite remission at 12 

months following adalimumab escalation compared to anti-TNF experienced patients (41.7% vs 

20%, P=0.025). Ma et al30 found that previous anti-TNF exposure predicted earlier time to tertiary 

loss of response (P=0.048). 

 

Concomitant immunomodulators: Of eleven studies evaluating the role of combination therapy in 

patients with loss of response to anti-TNF agents,27,30,39,44,45,47-49,51,57,60 only one study57 showed a 

therapeutic benefit. Srinivasan et al57 found that immunomodulator co-therapy was associated with 

a significantly longer time to treatment failure following dose escalation compared to anti-TNF 

monotherapy (P<0.03). 

 

Inflammatory biomarkers: There were conflicting data about the effect of biochemical inflammation 

at baseline on the response to dose escalation. In five retrospective studies, lower CRP and faecal 

calprotectin at standard treatment failure were associated with a durable clinical response to dose 

escalation.16,27,47,57,60 However, five other studies did not find any association between biomarker 

levels at loss of response to standard dosing and the success of treatment escalation.25,30,39,51,54 

Higher serum albumin,49,57,60,71 lower platelet count,60 and higher haemoglobin levels60 at baseline 

predicted a better response to anti-TNF escalation.   

 

Serum drug level and antidrug antibodies at baseline: In three retrospective studies, serum drug 

levels at the time of treatment failure did not distinguish responders to dose escalation from 

nonresponders.45,57,60 However, in a prospective single-arm trial49 (n=39) of intensified infliximab 

therapy, clinical remission rates at 40 weeks after dose escalation were higher in patients with a 

trough infliximab level ≥1μg/mL at baseline compared to those with a level <1μg/mL (P=0.033). In 

a prospective study of therapeutic drug monitoring, Paul et al71 showed that an infliximab trough 
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level <2μg/mL  along with an antidrug antibody titre <200ng/mL at baseline were strongly 

predictive of subsequent mucosal healing after dose escalation (P=0.004). Dreesen et al54 found 

that an antibody titre <282ng/mL at baseline independently predicted therapeutic drug levels 

(P=0.003) and clinical response (P=0.034) after dose intensification compared to patients with an 

antibody titre >282ng/mL.   

 

3.8  Efficacy of escalated anti-TNF dosing for perianal Crohn’s disease    

Four studies reported perianal disease outcomes in dose-escalated patients.12,20,21,78,79 In a cross-

sectional study of 117 CD patients with fistulising perianal disease, patients that achieved the 

primary outcome of fistula healing were more likely to be on escalated dosing regimens when 

compared to those who did not (OR 8.3, 95% CI 3.5-19.9).78 Serum infliximab levels were also 

higher in patients that achieved fistula healing compared to those with active fistulas (15.8 μg/mL 

[IQR 9.9-27] vs 4.4 μg/mL [IQR 0-9.8], P<0.0001). Similarly, in a retrospective study by Strik et al, 

patients on intensified infliximab dosing tended to have higher rates of fistula closure (80%) 

compared to those on standard dosing (59%).79 Infliximab trough levels were again higher 

amongst those that achieved fistula closure (6.0μg/mL [IQR 5.4-6.9] vs 2.3μg/mL [IQR 1.1-4.0], 

P<0.001) compared to those who did not. This was also seen in the adalimumab-treated patients, 

with higher drug levels in patients with fistula closure compared to active fistulising disease 

(7.4μg/mL [IQR 6.5-10.8] vs 4.8μg/mL [IQR 1.7-6.2], P=0.003). However, the rate of fistula closure 

was numerically higher in the standard dosing group (81.8%) compared to the dose intensified 

group (50%).79 In the PRECISION trial, treatment was de-escalated for three patients with 

infliximab trough levels above 3μg/mL, which was the set therapeutic target.12 However, this 

resulted in a flare of perianal disease, with re-opening of a previously closed perianal fistula in the 

three patients.12 
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4. Discussion  

Implementing a ‘treat-to-target’ strategy in Crohn’s disease, which may have the potential to 

prevent disease progression, requires the optimal use of anti-TNF therapies. Loss of response to 

anti-TNF agents is a common therapeutic challenge,5 but dose escalation can re-capture response 

in a majority of patients without an increased risk of toxicity,9-11 and is likely to be an important 

strategy in prolonging the life of these treatments. 

 

We considered a number of factors that may affect patient response to intensified therapy. Prior 

anti-TNF exposure predicts the need for dose escalation in population based cohorts,24 however, 

outcomes following treatment escalation were generally comparable between anti-TNF naïve and 

anti-TNF experienced patients.16,25,27,45,47,57 This likely reflects the efficacy of dose escalation in 

overcoming low levels of immunogenicity.54 Thiopurine co-therapy reduces immunogenicity and 

the risk of loss of response in anti-TNF treated patients,80-82 but did not appear to improve the 

clinical response to dose escalation, with only one retrospective study57 showing an additional 

therapeutic benefit of combination therapy compared to escalated monotherapy.  

 

Anti-TNF treatment failure is predicted by low serum drug levels.80 A significant increase in drug 

level after dose escalation was an important predictor of clinical, biochemical and endoscopic 

response in observational studies.29,69,71 However, antidrug antibody titre remains important with 

dose escalation restoring therapeutic drug levels most reliably when antibodies are absent or 

present in low-titres.54,71 Therapeutic drug monitoring may prevent futile treatment escalation by 

identifying patients with high-titre antidrug antibodies, and has been found to be a cost-effective 

strategy in the ‘reactive’ setting.20,21  

 

However, the clinical utility and longitudinal benefits of regular or proactive TDM remain uncertain. 

Randomised controlled trials comparing TDM-based strategies to empiric escalation for infliximab 

have failed to reach their primary end-points.58,59 Similarly, preliminary data from the recent 
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Serene-CD Maintenance Study showed comparable clinical and endoscopic outcomes in 

adalimumab-treated patients who underwent proactive TDM compared to clinically adjusted 

dosing.83 One reason for this may be the lack of long term follow-up in many of these studies. In 

the TAXIT trial,58 all patients were initially optimised to achieve therapeutic trough levels prior to 

randomisation, which may have obscured potential benefits of proactive dosing in comparison to 

standard treatment. However, some recent data do indicate that proactively dosed patients have 

fewer flares and lower rates of treatment discontinuation compared to those receiving standard 

care.58,63-64  

 

The pharmacokinetics of anti-TNF agents have significant inter-individual variability.84 Moreover, 

optimal drug levels may vary according to therapeutic target, disease phenotype or complexity.85 

In perianal fistulising disease, for instance, the need for more aggressive drug level targets, to 

achieve endpoints such as fistula healing, is well established.78,79 Intensified maintenance doses 

are likely required to achieve adequate drug levels in this group of patients.78 In most studies, 

patients with complex disease phenotypes, including those with perianal involvement, had similar 

clinical and biochemical response rates to treatment escalation compared to patients with 

predominantly inflammatory luminal disease.25,27,30,39,45,47,51,57,60  In an era moving increasingly 

towards personalised treatments, dashboard systems that incorporate individual patient data,12 

including disease severity and phenotype, to determine the optimal anti-TNF dose are a novel 

therapeutic strategy, requiring further validation in ‘real world’ settings.  

 

The control of biomarkers, such as faecal calprotectin and C-reactive protein, may be an 

alternative therapeutic target to guide the escalation of maintenance treatment in CD. The CALM 

trial3 provides compelling evidence for this ‘tight-control’ approach. Early treatment escalation in 

response to biomarker elevation, which may indicate residual intestinal inflammation, was 

associated with superior clinical and endoscopic outcomes in this study.3 However, further data 
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are required to determine the efficacy of such tight control algorithms in clinical practice, where it 

may be more challenging to apply stringent clinical and biochemical treatment escalation criteria. 

 

The potential for bias in the included literature must be considered. While rates of clinical and 

biomarker response to dose escalation were high in randomised trials, patients were generally 

dose escalated on an ‘open-label’ basis and assessments of response to escalated therapy were 

subject to investigator bias.3,9-11 In addition, much of the evidence to support anti-TNF escalation 

in the setting of treatment failure comes from non-randomised uncontrolled assessments, with 

largely retrospective data. The majority of these studies did not follow a standardised protocol for 

treatment optimisation and, definitions of secondary loss of response and dose escalation were 

often applied retrospectively.  

 

Moreover, this review has several limitations. We have qualitatively summarised the relevant 

literature, but did not perform a meta-analysis of the evidence supporting each dose escalation 

strategy. Our focus was on anti-TNF maintenance therapy, emerging data comparing standard 

and high induction dosing regimens were not reviewed.86 The pharmacoeconomic implications of 

each therapeutic strategy were not evaluated in this review, although optimising the cost efficacy 

of anti-TNF agents remains an important consideration.  

 

We have identified some knowledge gaps. In clinical practice, treatment de-escalation is often 

unsuccessful,24,87 however, data evaluating effective step-down strategies for anti-TNF therapy are 

lacking. Moreover, the optimal duration of intensified anti-TNF treatment following secondary loss 

of response is not yet established. While empiric escalation may be adequate initially to re-

establish clinical response, further prospective data are needed to determine the utility of regular 

TDM for maintaining remission in patients receiving intensified therapy.  
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In this systematic review, we have summarised the controlled trial and ‘real world’ experience with 

escalated maintenance anti-TNF dosing. We have examined the exposure-response relationship 

following dose escalation, and the comparative efficacy of intensification strategies, including for 

perianal fistulising disease, which has not been done elsewhere. Our findings have implications for 

clinical practice. In the setting of secondary anti-TNF loss of response, empiric dose escalation 

was found to be an effective therapeutic strategy. The evidence to support the use of proactive 

TDM in guiding treatment escalation is limited. Biomarker normalisation may be a helpful target in 

driving anti-TNF dose escalation, however, the efficacy of such tight-control strategies in 

prospective ‘real world’ settings remains to be seen.  
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Table 1 Study characteristics and clinical outcomes after dose escalation (randomised and nonrandomised interventional studies and post hoc analyses)  

Study  Study 
design  

N Anti-TNF  
agent 

Concomitant 
immunomodulators 

N (%) 
[AZA, MP, MTX] 

Patients on 
escalated 

dosing 
N (%)  

Escalated 
dosing  

schedule 

Empiric or 
TDM-guided 

dose 
escalation   

Clinical outcomes after anti-TNF dose 
escalation  

Colombel, 
200710 
   

RCT  
(CHARM)  

854 Adalimumab 446 (52.2%)  157 (18.4%)   40mg weekly  NA Clinical remission (CDAI<150) 40mg EOW vs 
40mg weekly: 68/172 (39.5%) vs 73/157 
(46.5%) at 26w, P=0.22; 62/172 (36%) vs 
65/157 (41.4%) at 56w, P=0.34 

Colombel, 
200942 
   

Post hoc 
analysis   

854 Adalimumab 446 (52.2%) 40 (15.4%) 40mg weekly  Empiric for  
LOR 

Clinical response (CDAI ↓ ≥70) in patients 
escalated to 40mg weekly from standard 
dosing: 34/40 (85%) at w56  

Colombel, 
20173 

RCT  
(CALM) 

244 Adalimumab 0 (0%) at baseline Tight control 
group: 41 

(47%)  
Clinical 

management 
group: 17 

(22%) 

40mg weekly  NA  Steroid-free clinical remission (CDAI<150, 
steroid-free ≥8w) in tight control vs clinical 
management: 73/112 (59.8%) vs 48/112 
(39.3%) at 48w, P<0.001  

D'Haens, 
201859 

RCT  
(TAILORIX)  

122 Infliximab  122 (100%) Dosing 
strategy 1 
(DIS1): 20 
(44.4%) 
Dosing 

strategy 2 
(DIS2): 23 
(62.2%)  

Control: 16 
(40%) 

Incremental 
escalation by 

2.5mg/kg 
(DIS1) or 

5mg/kg (DIS2) 
from 5mg/kg 

to a maximum 
of 10mg/kg 

q8w; or dose 
increase to 

10mg/kg q8w 
based on 
symptoms 

alone (control) 

Proactive TDM 
vs empiric  

Steroid-free remission (CDAI<150) at all visits 
22-54w without ulcers at 54w in DIS1 vs DIS2 
vs control: 15/45 (33.3%) vs 10/37 (27.0%) vs 
16/40 (40.0%), P=0.50  

Hanauer, 
200211 

RCT  
(ACCENT I)  

580 Infliximab  168 (30%) 193 (33.7%) 10mg/kg q8w NA Clinical remission (CDAI<150) 5mg/kg q8w vs 
10mg/kg q8w: 44/90 (48.9%) vs 50/111 (45%) 
at 30w, P=0.386  

Lofberg, 
201238 

Single-arm 
trial  

945 Adalimumab 517 (54.7%)  131 (13.9%)  40mg weekly  Empiric for  
LOR 

Clinical response (HBI ↓ ≥3): 76/131 (58%) at 
20w  
Clinical remission (HBI<5): 46/131 (35.1%) at 
20w  

Motoya, 
201839 

Single-arm 
trial  

28 Adalimumab 13 (46.4%) 28 (100%)  80mg EOW  Empiric for 
LOR 

Clinical response (CDAI ↓ ≥50): 21/28 (75%) at 
8w  
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Study  Study 
design  

N Anti-TNF  
agent 

Concomitant 
immunomodulators 

N (%) 
[AZA, MP, MTX] 

Patients on 
escalated 

dosing 
N (%)  

Escalated 
dosing  

schedule 

Empiric or 
TDM-guided 

dose 
escalation   

Clinical outcomes after anti-TNF dose 
escalation  

Panaccione, 
201140 

Single-arm 
trial  

304 Adalimumab 141 (46.4%) 120 (39.5%) 40mg weekly  Empiric for 
nonresponse or 

LOR 

Clinical response (HBI ↓ ≥3): 69/120 (57.5%) at 
4w and 85/120 (70.8%) at 24w  
 
Clinical remission (HBI ≤4): 18/120 (15%) at 4w 
and 36/120 (30%) at 24w  

Rutgeerts, 
200450 

Post hoc 
analysis 

580 Infliximab  167 (30%) 193 (33.7%)  10mg/kg q8w  Empiric for 
LOR 

Clinical response (CDAI ↓ ≥70) in patients 
escalated to 10mg/kg q8w from 5mg/kg q8w: 
51/57 (90%) by 54w  

Sandborn, 
20079 

RCT  
(CLASSIC II)  

276 Adalimumab 12/55 (21.8%)  
of randomised cohort 

18/55 (32.7%)  
of randomised 

cohort 

40mg weekly NA  Clinical remission (CDAI <150) 40mg EOW vs 
40mg weekly: 15/19 (78.9%) vs 15/18 (83.3%) 
at 56w, NS 

Sandborn, 
201141 

Post hoc 
analysis  

260 Adalimumab 67/204 (32.8%) of 
open-label cohort 

71 (27.3%)  40mg weekly  Empiric for 
inadequate  
response or 

LOR  

Clinical remission (CDAI<150): 26/71 (36.6%) 
at any point after dose escalation, 17/36 
(47.2%) at 56w  

Steenholdt, 
201420 

RCT  69 Infliximab  27 (39.1%) NR   5mg/kg q4w  Reactive TDM 
vs empiric  

Clinical response (CDAI ↓ ≥70 or  ≥50% ↓ in 
active fistulas) reactive TDM vs empiric dosing: 
19/33 (57.6%) vs 19/36 (52.8%) at 12w (RR 
1.091, 95% CI 0.713-1.673, P=0.810) 
 
Clinical remission (CDAI ≤ 150 and complete 
closure of all fistulas) reactive TDM vs empiric 
dosing: 10/33 (30.3%) vs 14/36 (38.9%) at 12w 
(RR 0.779, 95% CI 0.403-1.507, P=0.613)  

Steenholdt, 
201521 

Follow up 
study of RCT  

69 Infliximab  27 (39.1%) NR  5mg/kg q4w  Reactive TDM 
vs empiric   

Clinical response (CDAI ↓ ≥70 or ↓ ≥50% in 
active fistulas) reactive TDM vs empiric dosing: 
25/33 (75.8%) vs 20/36 (55.6%) at 20w, 
P=0.128  
 
Clinical remission (CDAI ≤ 150 and complete 
closure of all fistulas) reactive TDM vs empiric 
dosing: 18/33 (54.5%) vs 14/36 (38.9%) at 20w, 
P=0.232 

Strik, 202112 RCT 80 Infliximab 32 (40%) NR  >5mg/kg &/or 
infusion 

interval ≤ 7w 

Proactive TDM 
vs empiric  

Sustained clinical remission (HBI ≤ 4 at 1y) 
precision dosing vs control: 30/33 (90.9%) vs 
21/33 (63.6%), P=0.008  

Suzuki, 
201549 

Single-arm 
trial  

39 Infliximab  13 (33%) 39 (100%)  10mg/kg q8w  Empiric for  
LOR 

Clinical response (CDAI ↓ ≥50): 23/33 (69.7%) 
at 8w 
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Study  Study 
design  

N Anti-TNF  
agent 

Concomitant 
immunomodulators 

N (%) 
[AZA, MP, MTX] 

Patients on 
escalated 

dosing 
N (%)  

Escalated 
dosing  

schedule 

Empiric or 
TDM-guided 

dose 
escalation   

Clinical outcomes after anti-TNF dose 
escalation  

Vande 
Casteele, 
201558 

RCT 
 (TAXIT) 

263 Infliximab  9 (5.1%)   76 (51.4%) 
in optimisation 

phase  

Interval 
shortening by 

2w to 
minimum of 
4w, followed  
by dose ↑ by 

2.5mg/kg from 
5mg/kg to a 
maximum of 

10mg/kg  

Proactive TDM 
vs empiric  

Clinical remission (HBI≤4) baseline vs after 
dose escalation in optimisation phase: 28/43 
(65.1%) vs 38/43 (88.4%) (OR 4.1, 95% CI 1.2-
12.5, P=0.020) 
 
Durable clinical remission (HBI≤4 at 1y) 
proactive TDM vs empiric dosing: 57/91 
(62.6%) vs 45/82 (54.9%), P=0.353  

Watanabe, 
201423 

RCT  79 Adalimumab 20 (25.3%) 40 (50.6%) 80mg EOW  Empiric for  
LOR 

Clinical remission (CDAI<150) baseline vs 48 w 
after dose-escalation : 0/42 (0%) vs 6/8 (75%)  
 
Clinical response (CDAI ↓ ≥70) baseline vs 48w 
after dose-escalation: 3/40 (7.5%) vs 8/8 
(100%) 
 
Clinical response (CDAI ↓ ≥100) baseline vs 
48w after dose-escalation: 1/40 (2.5%) vs 7/8 
(87.5%)  

 
Abbreviations: ADA, adalimumab; AZA, azathioprine; CDAI, Crohn’s Disease Activity Index; EOW, every other week; HBI, Harvey Bradshaw Index; IFX, infliximab; LOR, Loss 
of response; MP, mercaptopurine; MTX, methotrexate; mo, months; NA, not applicable; NR, no record; RCT, randomised controlled trial; TDM, therapeutic drug monitoring; 
w,week; q4w, every four weeks; q6w, every six weeks; q8w, every eight weeks; y, years  
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Table 2 Study characteristics and clinical outcomes after dose escalation (observational studies)   

Study  Study 
design  

N Anti-TNF  
agent 

Concomitant 
immunomodulators  

 N (%) 
[AZA, MP, MTX] 

Patients on 
escalated 

dosing 
N (%)  

Escalated 
dosing  

schedule 

Empiric or 
TDM-guided 

dose 
escalation 

Clinical outcomes after anti-TNF dose 
escalation  

Baert, 201324  Retrospective 720 Adalimumab 273 (37.9%) 208 (34.4%)  40mg weekly  Empiric for 
LOR  

Clinical response (standard clinical evaluation & 
CRP): 139/208 (66.8%) at ≥26w  

Bouguen, 
201525 

Prospective 42 Adalimumab 4 (9.5%) 42 (100%)  80mg weekly  Empiric for 
LOR  

Clinical response (CDAI ↓ 70): 23/42 (54.8%) 
within 14w and 12/14 (85.7%) at 26w 
 
Steroid free clinical remission (CDAI<150): 
14/42 (33.3%) within 14w and 10/12 (83.3%) at 
26w 

Bultman, 
201126 

Prospective  122 Adalimumab  50 (41%) 46 (37.7%) 40mg weekly  Empiric for 
LOR  

Clinical response: 20/46 (43.5%) at 13w  

Chaparro, 
201143 

Retrospective 309 Infliximab  294 (95.1%)  NR  10mg/kg q8w 
(51%), 5mg/kg 

q4w (49%) 

Empiric for 
LOR  

Partial clinical response (HBI ↓ >3  or ≥50% ↓ in 
no. of draining fistulas): 40% at 4w  
 
Clinical remission (HBI ≤4 or closure of all 
fistulas): 56% at 4w  

Chaparro, 
201244 

Retrospective 33 Infliximab  25 (75.8%) 33 (100%) 10mg/kg q8w 
(75.8%), 10mg/kg 

q6w (3%), 
5mg/kg q4-7w 

(21.2%) 

Empiric for 
LOR  

Partial clinical response (HBI ↓ >3 or ≥50% ↓ in 
no. of draining fistulas): 15/33 (45.5%) at 4w  
 
Clinical remission  (HBI ≤4 or closure of all 
fistulas): 11/33 (33.5%) at 4w 

Dreesen, 
201854 

Retrospective 103 Infliximab  40 (38.8%) 103 (100%)  Dose doubling 
group: 10mg/kg 

q8w (44%) 
Interval 

shortening group: 
5mg/kg q2-7w 

(44%) 

Empiric for 
LOR  

Short-term clinical response (physician 
assessment): 65/103 (63.1%) at T+1 (just after 
treatment escalation)  
 
Dose doubling vs interval shortening vs 
combined dose doubling and interval 
shortening: 24/45 (53.3%) vs 33/45 (73.3%) vs 
8/13 (61.5%), P=0.144  

Duveau, 
201627 

Retrospective 124 Adalimumab 26 (21%) 124 (100%)  80mg EOW 
(80%), 40mg 
weekly (20%)  

Empiric for 
LOR  

Clinical response (steroid-free improvement in 
symptoms): 99/124 (79.8%) at 13w and 62/107 
(57.9%) at 52w  

Fernandes, 
202163 

Prospective 243 Infliximab  200 (82.3%)  103 (76.3%) in 
proactive TDM 
vs 28 (25.9%) 

in empiric  

>5mg/kg or 
infusion interval 

≤7 weeks   

Proactive 
TDM vs 
empiric  

Clinical remission (HBI <5) proactive TDM vs 
empiric: 72/82 (87.8%) vs 66/91 (72.5%), 
P=0.014  

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 34 

Study  Study 
design  

N Anti-TNF  
agent 

Concomitant 
immunomodulators  

 N (%) 
[AZA, MP, MTX] 

Patients on 
escalated 

dosing 
N (%)  

Escalated 
dosing  

schedule 

Empiric or 
TDM-guided 

dose 
escalation 

Clinical outcomes after anti-TNF dose 
escalation  

Ghaly, 201428 Retrospective 55 Infliximab  
Adalimumab 

NR  47 (85.5%) IFX: 5mg/kg q6w 
(16.4%), 10mg/kg 

q6w (3.6%), 
5mg/kg q4w 

(1.8%)  
ADA: 40mg 

weekly (63.6%)  

Empiric for 
LOR  

Clinical response (physician assessment): 
40/55 (72.7%) 'good' response, 10/55 (18.2%) 
'partial' response at 13w 

Hendler, 
201545 

Retrospective 86 Infliximab  42 (48.8%) 86 (100%)  10mg/kg every 4-
7w, 15mg/kg 
every 4-8w, 

20mg/kg every 4-
8w, 22.5mg/kg 

every 4w  

Empiric for 
LOR  

Early clinical response: 17/66 (25.8%) 
complete, 39/66 (59.1%) partial at 1-16w  

 
Late clinical response: 17/61 (27.9%) complete, 
21/61 (34.4%) partial at 38-100w  

Hibi, 201246 Prospective  64 Infliximab  10 (15.6%) 20 (31.3%)  5mg/kg q4w  Empiric for  
LOR  

Clinical response (CDAI ↓ ≥25% or ↓ ≥70 
points): 15/18 (83.3%) at 54w  
 
Clinical remission (CDAI<150): 10/18 (55.6%) 
at 54w  

Juncosa, 
202065 

Prospective  108 Infliximab  75 (69.4%) 34 (31.5%)  Ranging from 
5mg/kg q8w to 
10mg/kg q4w 

Proactive 
TDM 

Clinical remission (HBI<5) before vs after dose 
escalation: 8/72 (11.1%) vs 13/72 (18.1%) at 
least 98d after dose escalation, P=0.007  

Katz, 201247 Retrospective 168 Infliximab  121 (72%)  168 (100%)  Dose doubling 
group:10mg/kg 

q8w (67%) 
Interval 

shortening group: 
5mg/kg q4w 

(33%) 

Empiric for 
 LOR 

Clinical response (physician assessment) dose 
doubling vs interval shortening: 86/112 (76.8%) 
vs 37/56 (66.1%) within 4-8w (OR 1.7, 95% CI 
0.8-3.4, P=0.14) 
 
Long term sustained response (physician 
assessment) dose doubling vs interval 
shortening: 56/111 (50.5%) vs 22/55 (40%) for 
≥12mo (OR 1.5, 95% CI 0.8-2.9, P=0.2)  

Karmiris, 
200929 

Prospective  168 Adalimumab 62 (36.9%) 102 (65.4%)  40mg weekly  Empiric for 
inadequate 
response or 

LOR  

Clinical response (physician assessment): 
73/102 (71.6%) at any point after treatment 
escalation 
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Study  Study 
design  

N Anti-TNF  
agent 

Concomitant 
immunomodulators  

 N (%) 
[AZA, MP, MTX] 

Patients on 
escalated 

dosing 
N (%)  

Escalated 
dosing  

schedule 

Empiric or 
TDM-guided 

dose 
escalation 

Clinical outcomes after anti-TNF dose 
escalation  

Kopylov, 
201051 

Retrospective 94 Infliximab  56 (59.6%) 94 (100%)  Group I 5mg/kg 
q6w (58.5%) 

Group II 10mg/kg 
q8w or 5mg/kg 
q4w (41.5%) 

Empiric for  
LOR  

Immediate clinical response (physician 
assessment and continuation of escalated 
dosing): 64/94 (68.1%) at 1st clinic visit after 
treatment escalation  
Group I vs Group II: 38/55 (69.1%) vs 26/39 
(66.7%), P>0.9  
 
Long term sustained response (physician 
assessment and continuation of escalated 
dosing): 27/76 (35.5%) for ≥12mo 
Group I vs Group II: 18/45 (40%) vs 9/31 (29%), 
P=0.65  

Lin, 201248 Retrospective 30 Infliximab  16 (53.3%) 30 (100%)  10mg/kg q8w, 
5mg/kg every     

≤6w 

Empiric for 
 LOR 

Clinical response (symptom improvement and 
continuation of escalated dosing): 24/30 (80%) 
at any point after dose escalation, 15/23 
(65.2%) for ≥52w 

Ma, 201430 Retrospective 92 Adalimumab 91 (98.9%) 92 (100%)  40mg weekly 
(99%), 80mg 
EOW (1%)  

Empiric for 
 LOR 

Clinical response (HBI ↓ >3): 74/92 (80.4%) 
within 24w  

Nagata, 
201555 

Retrospective 33 Infliximab  14 (42.4%)  26 (78.8%)  10mg/kg q8w 
(39.4%), 5mg/kg 

q7w (9%),  
5mg/kg q6w 

(27.3%), 5mg/kg 
q4w (3%)  

Empiric for 
 LOR 

Clinical response (CDAI ↓ ≥70 or ≥25%): 18/26 
(69.2%) at 4w  
Dose doubling vs interval shortening vs ADA 
switch: 8/13 (61.5%) vs 10/13 (76.9%) vs 4/7 
(57.1%), NS  
 
Clinical remission (CDAI<150): 15/33 (45.5%) 
at 4w 
Dose doubling vs interval shortening vs ADA 
switch: 7/13 (53.8%) vs 8/13 (61.5%) vs 3/7 
(42.9%), NS 

Narula, 
201631 

Retrospective 362 Infliximab  
Adalimumab 

IFX: 114 (45.4%)   
ADA: 41 (36.9%) 

IFX: 22 
(11.6%) 
ADA: 14 
(16.3%) 

IFX: 10mg/kg q8w 
(9%), interval 

shortening (2.6%)  
ADA: 40mg 

weekly  

Empiric for 
 LOR 

Clinical remission (HBI <5)  
ADA-treated patients: 1/14 (7.1%) at end of 
follow up (20.7 ± 16.0 mo)  
IFX-treated patients: 8/22 (36.4%) at end of 
follow up (18 ± 18.0 mo) 
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Study  Study 
design  

N Anti-TNF  
agent 

Concomitant 
immunomodulators  

 N (%) 
[AZA, MP, MTX] 

Patients on 
escalated 

dosing 
N (%)  

Escalated 
dosing  

schedule 

Empiric or 
TDM-guided 

dose 
escalation 

Clinical outcomes after anti-TNF dose 
escalation  

Preda, 201632 Retrospective 265 Infliximab  
Adalimumab 

IFX: 96 (74.4%) 
ADA: 112 (82.4%)   

NR  IFX: 10mg/kg 
q8w, 5mg/kg q6w 

ADA: 40mg 
weekly  

Empiric for 
 LOR 

Clinical response (CDAI ↓ ≥ 70) 
 
ADA-treated patients dose escalation vs IFX 
switch: 16/19 (84.2%) vs 1/3 (33.3%)  
 
IFX-treated patients dose escalation vs ADA 
switch: 11/26 (42.3%) vs 10/12 (83.3%)  

Restellini, 
201860 

Retrospective 104 Adalimumab 28 (26.9%) 66 (63.5%)  40mg weekly  Reactive TDM 
vs 

 empiric  

Composite remission (HBI<5 with CRP <5, 
FCP<250, SES-CD score<3) reactive TDM vs 
empiric: 11/26 (42.3%) vs 4/25 (16%) at 13w 
(P=0.619), 15/33 (45.5%) vs 8/26 (30.8%) at 
26w (P=0.328), 13/33 (39.4%) vs 6/22 (27.3%) 
at 52w (P=0.978)  

R-Grau, 
201633 

Retrospective 118 Infliximab  
Adalimumab 

51 (45.9%) 39 (33.1%)  IFX: dose 
increase, interval 
reduction or both  

ADA: 40mg 
weekly  

Empiric for 
 LOR 

Clinical response (HBI ↓ ≥3 points or ↓ ≥50% in 
number of draining fistulas): 16/38 (42.1%) at 
end of follow-up (26 ± 21mo) 
  
Clinical remission (HBI ≤ 4 points without 
steroids or closure of all fistulas): 14/38 (36.8%) 
at end of follow-up (26 ± 21mo) 

Srinivasan, 
201857 

Retrospective 88 Infliximab 
Adalimumab 

74 (84%)  55 (62.5%)  IFX: 5mg/kg q6w 
ADA: 40mg 

weekly  

Reactive TDM   Clinical remission (HBI<5) re-induction vs 
interval shortening: 11/17 (64.7%) vs 25/42 
(59.5%) at end of follow up (median 1.8y),  
P=0.78 

Suzuki, 
201934 

Retrospective 14 Adalimumab 3 (21.4%) 14 (100%)  80mg EOW  Empiric for  
LOR  

Clinical response (CDAI ↓ ≥70): 4/12 (33.3%) at 
12w and 3/9 (33.3%) at 52w  
 
Clinical remission (CDAI<150): 8/12 (66.7%) at 
12w and 5/8 (62.5%) at 52w  

Verstockt, 
201835 

Retrospective 116 Adalimumab 15 (12.9%) 43 (37.1%)  40mg weekly  Empiric for 
 LOR 

Clinical response (physician assessment): 
31/43 (72.1%) at 26w 

Viazis, 201536 Prospective 132 Infliximab  
Adalimumab 

132 (100%) 31 (23.5%)  IFX: 10mg/kg q8w 
(9.8%), 10mg/kg 

q6w,10mg/kg q4w 
(3.8%) 

ADA: 40mg 
weekly  

Empiric  
LOR  

Clinical remission (absence of symptoms & 
normal CRP): 25/31 (80.6%) at end of follow up 
(median 28mo)  
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Abbreviations: ADA, adalimumab; AZA, azathioprine; CDAI, Crohn’s Disease Activity Index; EOW, every other week; HBI, Harvey Bradshaw Index; IFX, infliximab; LOR, Loss 
of response; MP, mercaptopurine; MTX, methotrexate; mo, months; NA, not applicable; NR, no record; RCT, randomised controlled trial; TDM, therapeutic drug monitoring; 
w,week; q4w, every four weeks; q6w, every six weeks; q8w, every eight weeks; y, years  
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Figure legends  

Figure 1 PRISMA flow diagram of study selection  

Figures 2 The rate of clinical response (%) following empiric dose escalation for patients with 

secondary loss of response to standard maintenance adalimumab in the included studies. 

Bubble size is proportional to the number of dose-escalated patients in each study. The number 

within each bubble corresponds to the study reference.  

Figure 3 The rate of clinical response (%) following empiric dose escalation for patients with 

secondary loss of response to standard maintenance infliximab in the included studies. Bubble 

size is proportional to the number of dose-escalated patients in each study. The number within 

each bubble corresponds to the study reference.  
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Supplementary Table 1 PRISMA Checklist for Preferred Reporting Items for Systematic Reviews and Meta-Analyses  

PRISMA 2009 Checklist 

Section/topic  # Checklist item  
Reported 
on page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number.  

3 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  4-5 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  

4-5 

METHODS   

Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  

5 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 

language, publication status) used as criteria for eligibility, giving rationale.  
5-6 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  

5 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  

Tables 

S2-5 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  

6 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators.  

7 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  

7 
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Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis.  

7 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  NA 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 

(e.g., I2) for each meta-analysis.  
8 

 

 

Section/topic  # Checklist item  
Reported 
on page #  

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

NA 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  

NA  

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  

8 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

8 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  9 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

8-19 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  NA 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  NA 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  NA 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy makers).  

20 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

20-22 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  23 

FUNDING   

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 41 

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 
systematic review.  

NA 
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