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Abstract

Background To review the frequency with which anti-

TNF-a loses its effect and dose ‘‘intensification’’ is

required for Crohn’s disease (CD) treatment.

Methods Electronic databases were searched for eligible

studies. Raw data from studies meeting inclusion criteria

were pooled for effect estimates. Subgroup analyses were

performed for exploration of heterogeneity regarding all

outcomes.

Results Eighty-six eligible studies were included. Estimates

of loss of response (LOR) incidence ranged from 8 to 71%.

The random effects pooled incidence of LOR with a median

follow-up of 1-year was 33% (95% CI 29–38, 55 studies, n =

6135). The effect estimate based on data from patients with

infliximab was 33% (95% CI 27-40), 30% (95% CI 22–39)

for adalimumab, and 41% (95% CI 30–53) for certolizum-

abpegol. Overall, the mean percentage of patients’ LOR to

anti-TNFs was 38.5%. The annual risk for LOR was 20.9%

per patient-year. The random-effects pooled rate of need for

dose intensification with a median follow-up of 1 year was

34% (95% CI 28–41, 38 studies, n = 10,690). The effect

estimate for infliximab was 38% (95% CI 28–50), 36% (95%

CI 30–43) for adalimumab, and 2% (95% CI 2–3) for cer-

tolizumab-pegol. The mean percentage of patients who

needed an anti-TNF dose escalation was 23% with an annual

risk of 18.5% per patient-year. There was no evidence of

publication bias for incidence of LOR but not for the dose

intensification (p = 0.001).

Conclusions Overall, around one-third of CD patients

experience a LOR and required dose intensification in

primary anti-TNF-a responders.

Keywords Loss of response � Anti-TNFa � Dose

intensification � Crohn’s disease

Introduction

The use of drugs targeting tumour necrosis factor-a (anti-

TNF) has greatly advanced the therapeutic armamentarium

for the treatment of inflammatory bowel diseases (IBD)

[1–3]. Infliximab (IFX), followed by adalimumab (ADA),

certolizumab-pegol (CZP), and golimumab have shown

significant efficacy in Crohn’s disease (CD) and ulcerative

colitis (UC) refractory to conventional treatments, includ-

ing immunosuppressive drugs [1–4]. This clinical efficacy

is associated with mucosal healing and fewer hospitaliza-

tions and surgical procedures [5]. However, approximately

one-third of the IBD patients receiving anti-TNF agents do

not respond to treatment (primary failure), and a significant

proportion experience a loss of response (LOR) (secondary

failure) or intolerance to treatment. These scenarios pose a

therapeutic challenge to gastroenterologists [6].

For patients who lose their initial response, consideration

can be given to dose ‘‘intensification’’ to regain therapeutic

benefit. Dose intensification is defined either as an increase
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of the anti-TNF dose (e.g., generally from 5 to 10 mg/kg for

IFX), or as a decrease in the frequency of infusion (to as

often as every 4 weeks for IFX). The strategies of dose

escalation have been very different in clinical trials con-

ducted with different anti-TNF agents IFX, ADA, and CZP.

Therefore, the incidence of dose intensification, both in the

short and long term, has been poorly studied.

The aims of this article were therefore to review LOR to

anti-TNFa therapy and requirement for dose intensification

in adult and pediatric CD patients.

Methods

The study was performed following the preferred reporting

items for systematic reviews and meta-analyses (PRISMA)

guidelines [7].

Literature search

Studies that investigated (a) Patients: adults OR pediatric

with established CD; (b) Intervention: anti-TNF-a agents

(mainly IFX, ADA, CZP or golimumab etc.); and (c) Out-

come: patients developed LOR and/or with the need for dose

intensification on anti-TNF-a therapy were considered.

We identified relevant literature (published articles and

abstracts) by performing a systematic search of three

databases: PubMed, Cochrane Library CENTRAL, and

Embase (initial search February 4–5, 2015; updated May 5,

2015). Keywords used were (all fields): (anti-TNF OR

TNF-alpha OR TNF-a OR OR ‘‘human anti-chimeric

antibodies (HACAs)’’, infliximab OR adalimumab OR

certolizumab pegol OR golimumab) AND (‘Inflammatory

bowel disease’ and ‘Crohn*.af.’), and any appropriate

abbreviations. The terms ‘‘ADA’’, ‘‘IFX’’, ‘‘CZP’’, and

‘‘GOL’’ were used as alternative keywords to find addi-

tional relevant articles. For PubMed, all relevant MeSH

terms were used. The final queries were validated by

manual review and matching results.

The conference proceeding abstracts for annual meetings

of European (European Crohn’s and Colitis Organization

(ECCO) congress, United European Gastroenterology

Week) and American (Digestive Disease Week) Congresses

were searched between 2002 and 2015.

The reference lists of eligible studies and review articles

were hand-searched to identify further relevant publica-

tions. The primary authors of abstracts and studies without

sufficient data were contacted for additional information.

Study selection

Two coauthors independently checked the retrieved articles

according to a standardized data extraction form. All

abstracts were screened to eliminate duplicates, reviews,

case studies. In duplicated reports, the most comprehensive

article was chosen.

Studies were included if they met the following criteria:

We finally performed a manual selection of studies which

satisfied the following criteria: (a) RCTs, non-randomized

controlled trials and observational studies (including

cohort, case control studies); (b) established diagnosis of

CD by accepted criteria; (c) with a minimal follow-up of 14

or 12 or 4 weeks for IFX, ADA, or CZP, respectively,

when the anti-TNFs achieving maximal response according

to the guideline by ECCO [6]. For golimumab, steady-state

was reached approximately 8 weeks after patients receiv-

ing golimumab maintenance doses [8]. So, a minimal fol-

low-up of [8 weeks was required for golimumab; and

(d) clear definition of LOR to anti-TNFa therapy.

We excluded (a) trials in which the incidence of LOR

and/or the need for anti-TNF-a dose intensification not

systematically documented or the crude rates of LOR or

requirement of dose intensification could not retrieved;

(b) trials studied patients with reinitiation of the same anti-

TNFs; (c) review articles; (d) trials with exclusively a

diagnosis of ulcerative colitis, indeterminate colitis, or an

unclear diagnosis of CD were also excluded.

Eligibility assessment and data extraction were carried

out by Y.Q. and B.L.C., with discrepancies resolved by

consensus with M.H.C. and B.H.S.

Data extraction and quality assessment

Eligible articles were reviewed in a blind manner by two

different investigators (Y.Q. and B.L.C.), and the results of

the primary research studies were abstracted onto specially

designed data extraction forms. Agreement between

investigators was [95% and disagreement in data extrac-

tion was resolved by consensus.

The variables recorded were year of publication, first-

and second-line anti-TNF treatments, patients’ character-

istics, therapeutic regimens, sample size, trial duration, and

outcome measures.

Assessment of quality of randomized controlled trials

and observational studies was performed using Cochrane

risk of bias tool [9] and Newcastle Ottawa Quality

Assessment Scale (NOS) [10], respectively. For the NOS,

studies scoring C7 (of 9) were considered high quality.

Data synthesis and analysis

We calculated incidence estimates with the variance-sta-

bilizing double arcsine transformation [11] because the

inverse variance weight in fixed-effects meta-analyses is

suboptimum when dealing with binary data with low

incidences. Additionally, the transformed incidences are
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weighted very slightly towards 50%, and studies with

incidences of zero can thus be included in the analysis. We

used the Wilson method [12] to calculate 95% CIs around

these estimates because the asymptotic method produces

intervals that can extend below zero.

We estimated heterogeneity between studies with

Cochran’s Q (reported as v2 and p values) and the I2

statistic, which describes the percentage of variation

between studies that is due to heterogeneity rather than

chance [13, 14]. The random-effects model was chosen a

priori for all analyses. These models (in which the indi-

vidual study weight is the sum of the weight used in a

fixed-effects model and between-study variability) produce

study weights that mainly show between-study variation

and thus provide close to equal weighting.

In our analyses, LOR and the need for dose intensifi-

cation were analyzed separately. We also split study pop-

ulations into IFX, ADA, CZP, and golimumab groups as

appropriate. We defined studies as mixed when only

overall estimates of the incidences of LOR were reported

and we could not obtain further information from the

authors to stratify results by types of anti-TNFs.

For each study, the incidence of LOR was calculated by

using the reported numbers of subjects losing clinical

response per study definition, divided by the total number

of primary responders. Proportions were transformed with

the logit transformation and pooled using a random-effects

model to account for the expected high heterogeneity

between studies [15]. The logit-transformed proportions

were back-transformed and results were presented as per-

centages. The logit transformation was used to avoid

studies with few events from being weighted too heavily in

the random-effects model and because the multivariate

analysis, which used a random-effects logistic regression

model, is also based on the logit transformation. The extent

of heterogeneity across studies was quantified by calcu-

lating the I2 statistic [21].

Heterogeneity exploring

Subgroup analysis

We pre-identified several potential sources of heterogene-

ity: (a) types of diseases (pediatric versus adults); (b) types

of anti-TNFs (IFX, ADA, CZP versus golimumab);

(c) anti-TNFs schedule (episodic versus scheduled);

(d) quality of study (high quality only); (e) concomitant

IMMs; (f) type of IMMs (i.e., MTX versus purines etc.);

(g) prior anti-TNFs exposure (naive versus prior user);

(h) anti-TNFs concentration and antibodies (i) design of

study, i.e., clinical trial versus observational as well as

prospective observational compared to point-incidence

studies; and (j) length of follow-up as these variables were

believed a priori to be important predictors of LOR or dose

escalation.

Meta-regression analysis

We further investigated the above-mentioned potential

sources of heterogeneity by arranging groups of studies

according to potentially relevant characteristics and by

meta-regression analysis, which attempts to relate differ-

ences in effect sizes to study characteristics [16]. We

entered only factors that we deemed significant individu-

ally (p\ 0.05) into a multiple regression model to avoid

model instability. The regression coefficients for each

study characteristic in individual analysis were provided to

enable comparison across diagnoses.

Meta-regression analysis to investigate the sources of

heterogeneity was only performed if there were C10 trials

available for each analysis.

Publication bias

Funnel-plot asymmetry as proposed by Begg and

Mazumdar and Egger et al. [17] was used to investigate the

possibility of publication bias. The meta-analysis was

performed using the metaprop command of the meta

package in R (version 3.2.0) [18] and Stata (version 12.1)

with the commands metareg (for meta-regression). All

statistical tests were two-sided, and statistical significance

was defined as a p value\0.05.

Results

Study characteristics

Figure 1 illustrates the study selection process. Initial

search of online databases yielded 7825 papers and was

supplemented with conference abstracts. From these, only

86 articles [1–4, 19–93] were deemed suitable and met the

pre-specified inclusion criteria. Seventy-one of them

included adult or mixed-age (adult and pediatric) CD

patients and six studies [25, 27, 35, 57, 58, 94] included

exclusively pediatric CD patients. Only one study [95] in

the form of abstract included patients receiving goli-

mumab, thus a meta-analysis was not performed. Table 1

summarizes the main characteristics of the included stud-

ies. The quality assessment and risk of bias score for each

study is detailed in Supp. Table 1. All the included 14 RCT

studies were rating low risk per each quality domain except

for one study [38]. Fifty-five of 73 observational studies

were considered as high quality (scoring C7) using the

NOS scale. Detailed quality assessments are provided in

Supp. Figure 1 and Supp. Tables 1.
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Anti-TNFs loss of response among primary

responders

Description of studies A total of 55 studies involving 6135

patients were included, that is, 13

[1–4, 19, 21, 22, 25, 34, 38, 59, 61, 63] multicenter ran-

domized, placebo-controlled trials (RCTs), seven studies of

follow-up of RCTs, ten prospective open-label observa-

tional trials, and 26 retrospective studies (five multicenter

and 16 single-center) (Table 1).

Risk for loss of response Estimates of LOR incidence

ranged from 8 to 71% (Fig. 2). The random effects pooled

incidence of LOR with a median follow-up of 1-year (IQR

1–2.33) was 33% (95% CI 29–38); heterogeneity was

substantial (v2 = 1220, p\ 0.001; I2 = 92.4%).

Comparison between types of anti-TNFs When sub-

grouping the studies by type of anti-TNFs, 24 studies

[1, 4, 19–38, 40, 41] included patients receiving IFX

(n = 2356), 19 studies [2, 38, 42–58] included patients

received ADA (n = 2112), nine studies [3, 59–66] inclu-

ded patients receiving CZP (n = 1667), two studies

[39, 96] included patients receiving both IFX and ADA,

and another study [97] included patients receiving both

CZP and ADA. For the Christopher Ma 2014 study [96],

data were further stratified by either naı̈ve to anti-TNF

therapy or with prior anti-TNF exposure among patients

received ADA. For study that reported data for two anti-

TNFs, the study was put under the anti-TNF subgroup with

the most number of patients.

For IFX, incidence of LOR ranged from 11 to 71%, the

pooled incidence of LOR in patients treated with IFX was

33% (95% CI 27–40, random effect model). The hetero-

geneity was substantial (p\ 0.001; I2 = 90%). For ADA,

incidence of LOR ranged from 8 to 65%, the random-ef-

fects pooled incidence was 30% (95% CI 22–39) with

substantial heterogeneity (v2 = 451, p\ 0.001;

I2 = 93.2%). For CZP, incidence of LOR ranged from 18

to 67%. The random-effects pooled incidence was 41%

(95% CI 30–53) with substantial heterogeneity (v2 = 451,

p\ 0.001; I2 = 94.8%).

Use of arcsine-transformed estimates of incidence made

little difference to the overall random-effects estimates,

which were themselves shown to be notably different

(closer to 50%) from the fixed-effects estimates (in which

smaller incidences have smaller SEs and thus greater

weight than they would have in random-effects estimates).

Percentage and annual risk for LOR A total of 6135

primary responders were included in these studies, pro-

viding an 11,294 patient-years follow-up (excluding four

studies [26, 36, 37, 55] with no available follow-up). The

mean percentage of patients who lost response to anti-

TNFs was 38.5% (2364/6135). The annual risk for LOR

was calculated to be 20.9% (2306/11,294) per patient-year.

When subgrouped by type of anti-TNFs, the mean per-

centage of patients who lost response to IFX was 37.8%

(892/2356). The annual risk for LOR was calculated to be

18% (840/4583) per patient-year (excluding three studies

[26, 36, 37] with no available follow-up). The mean per-

centage of patients who lost response to adalimumab was

35.4% (749/2112) with an annual risk for LOR of 22.7%

(744/3300) per patient-year. Similarly, the mean percentage

of patients’ LOR to CZP was 43.3% (722/1667) with an

annual risk for LOR of 21.2% (722/3411) per patient-year.

Anti-TNFs dose escalation among primary

responders

Description of studies A total of 38 studies

[42, 43, 49, 50, 53, 54, 67–93] included data for need for dose

intensification were included, that is, four reports [67–70] of

IFX (n = 1397), 28 studies [42, 43, 49, 50, 53,

54, 71–87, 89–93] of ADA (n = 5457), one study [98] of

Records excluded on:
Title: 1821
Abstract: 653
Total: 2474

180 articles

Full-text articles excluded:
-review articles (n = 32)
-comment/editorial (n = 5)
-case report or case series (n = 14)
-non anti-TNF biological (n = 4)
-non IBD (n=2)
Total (n=57)

123 articles 

Full-text articles excluded:
-no available data (n =32)
-repetition data (n = 1)
-others (n = 3)
Total (n=37)

86 studies were included in meta-analysis

7825 potentially relevant articles were identified 
from electronic search

2040 from PubMed
1080 from EMBASE (OVID)
3773 from Web of Science
217 from Cochrane Library
715 from conference proceeding abstracts

Records after duplicates removed 
(n =2654)
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CZP (n = 2647), and four studies [88, 99–101] with use of

both IFX and ADA, with pooled data on 10,690 patients

(Table 2). Two studies’ [88, 99] according data were drawn

separately. Seventeen studies included patients with previ-

ous IFX treatment, ten studies with the data of the ‘‘real

world’’, and 17 studies had a follow-up of at least 52 weeks.

Anti-TNFs dose intensification Rates of the need for

dose intensification ranged from 2 to 82% (Fig. 3). The

random-effects pooled rate of need for dose intensification

with a median follow-up of 1 year (IQR 0.8–1.2) was 34%

(95% CI 28–41); heterogeneity was pronounced (v2 = 541,

p\ 0.001; I2 = 96.9%).

Comparison between types of anti-TNFs For IFX, esti-

mates ranged from 14 to 54%. The random-effects pooled

incidence of dose intensification was 38% (95% CI 28–50)

with substantial heterogeneity (v2 = 67, p\ 0.001;

I2 = 93.7%). For ADA, estimates ranged from 11 to 82%.

The random-effects pooled incidence of dose escalation

was 36% (95% CI 30–43) with substantial heterogeneity

(v2 = 451, p\ 0.001; I2 = 93.7%). The pooled incidence

of dose intensification was 2% (95% CI 2–3) for CZP.

As in the analysis for LOR, use of arcsine-transformed

estimates of incidence made little difference to the overall

random-effects estimates.

Percentage and annual risk for dose intensification

among the overall population

A total of 10,690 primary responders were included in

these studies providing 12,908 patient-years follow-up

(excluding two studies [81, 92] with no available follow-

up). The mean percentage of patients who needed an anti-

TNF dose escalation was 23% (2489/10,690). The annual

risk was calculated to be 18.5% (2383/12,908) per patient-

year.

When subgrouped by type of anti-TNFs, the mean per-

centage of patients on IFX who needed an dose escalation

was 41.8% (585/1397). The annual risk was calculated to

be 14.9% (585/3918) per patient-year. The mean percent-

age of patients on adalimumab who needed a dose esca-

lation was 29% (1576/5457). The annual risk was 26.3%

(1531/5815) per patient-year. Only one ‘‘real-world’’ study

reported data on CZP, and the mean percentage of patients

who needed an CZP dose escalation was 2% (53/2647)

with an annual risk of 2.7% (53/1985) per patient-year.

Pediatric CD

A total of six studies [23, 25, 27, 35, 57, 58] reported data

of LOR to anti-TNFs, that is, one single-center prospective

open-label trial, one multicenter retrospective study, and

two single-center retrospective studies (Table 1). The

random-effects pooled incidence of LOR was 35% (95%T
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Fig. 2 Estimated incidence of anti-TNFs LOR among primary responders
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Fig. 3 Estimated incidence of anti-TNFs dose intensification among primary responders
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CI 29–40) with modest heterogeneity (p = 0.03;

I2 = 58.9%) (see Table 3). The mean percentage of

patients who lost response to anti-TNFs was 25.5% (76/

299). The annual risk for LOR was calculated to be 15.3%

(76/498) per patient-year.

Exploring sources of heterogeneity

Subgroup analysis

Subgroup analyses based on prior anti-TNFs exposure

(naive versus prior user), type of anti-TNFs (IFX, ADA

versus CZP), concomitant IMMs (monotherapy versus

combined therapy), study design (prospectively versus

retrospectively, RCTs versus non-randomized), definition

of LOR (CDAI, HBI, PGA, Mayo score, versus physician’s

assessment) and length of follow-up (C52 weeks versus

\52 weeks) did not significantly change the effect esti-

mate (see Table 3).

As part of our sensitivity analyses, when six pediatric

studies [25, 27, 35, 57, 58, 94] were excluded, the random-

effects pooled incidence of LOR rose to 35% (95% CI

29–41). The random-effects pooled prevalence for LOR

among primary responders was 23 and 41% for retro-

spective and prospective studies, respectively. The

according prevalences were 32% (95% CI 22–45) and 30%

(95% CI 25–36) for studies with a follow-up\52 weeks or

C52 weeks, respectively (see Table 3).

Table 3 Summary of subgroup

analysis of anti-TNFs loss of

response among primary

responder

Items n Heterogeneity Overall effect ES 95% CI

I2 p z p

Overall 58a 95% \0.001 11.380 \0.001 0.33 [0.29, 0.38]

Anti-TNFs

IFX 26 94.50% \0.001 9.12 \0.001 0.33 [0.266, 0.403]

ADA 22 95.80% \0.001 6.87 \0.001 0.30 [0.220, 0.39]

CZP 10 97.00% \0.001 6.58 \0.001 0.41 [0.301, 0.53]

F/U

\52 week 14 97.60% \0.001 5.09 \0.001 0.32 [0.22, 0.45]

[52 week 41 94.60% \0.001 11.87 \0.001 0.30 [0.25, 0.36]

NA 3 0 0.809 8.60 \0.001 0.30 [0.23, 0.366]

Prior IFX user

Yes 18 93.20% \0.001 7.57 \0.001 0.34 [0.254, 0.431]

No 34 95.80% \0.001 9.79 \0.001 0.35 [0.283, 0.424]

Mixedb 6 98.80% \0.001 4.78 \0.001 0.31 [0.184, 0.440]

Study designs

RCT 13 94.60% \0.001 43.8 \0.001 0.43 [0.408, 0.446]

NRPC 14 77.30% \0.001 14.44 \0.001 0.23 [0.202, 0.265]

RS 19 89.40% \0.001 20.82 \0.001 0.19 [0.176, 0.212]

F/U of RCT 8 98.10% \0.001 36.47 \0.001 0.42 [0.401, 0.446]

Definition of LOR

CDAI or PCDAI 24 93.20% \0.001 7.74 \0.001 0.37 [0.282, 0.458]

HBI 13 98.00% \0.001 4.31 \0.001 0.37 [0.243, 0.503

Physician 14 92.30% \0.001 6.42 \0.001 0.30 [0.236, 0.362]

Others 7 96.80% \0.001 4.39 \0.001 0.37 [0.202, 0.528]

Patients

Adult 52 95.80% \0.001 10.77 \0.001 0.35 [0.296, 0.407]

Pediatric 6 58.10% 0.036 7.48 \0.001 0.35 [0.293, 0.398]

IFX infliximab, ADA adalimumab, CZP certolizumab-pegol, CDAI Crohn’s disease activity index, HBI

Harvey–Bradshaw index, CAI ulcerative colitis clinical activity index, PDAI perianal disease activity index,

PGA physician global assessment, RS retrospective, NRPC nonrandomized, prospective cohort, NA not

available
a Christopher Ma study [96] included patients with use of both IFX and ADA, according data were draw

separately. Among the patients receiving ADA, data were further stratified by either naı̈ve to anti-TNF

therapy or with prior anti-TNF exposure
b Study including patients that either failed IFX or were naive to IFX
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For dose intensification, we excluded three large ‘‘real-

world’’ studies using Health Claims Data, [80, 98, 100] the

random-effects pooled incidence rose slightly to 37% (95%

CI 32–43). On contrary, the random-effects pooled preva-

lence for dose intensification using data from ‘‘real-world’’

studies was 26% (95% CI 17–34), which is relatively

lower. Accordingly, the random-effects pooled prevalence

for dose intensification was 31.7 and 34.1% for retro-

spective and prospective studies, respectively. The

according prevalences were 39.6% (95% CI 26–53) and

31.6% (95% CI 25.4–37.9) for studies with a follow-up

\52 or C52 weeks, respectively (see Supp. Table 2).

Meta-regression analyses

In meta-regression analyses, the associations between anti-

TNFs and LOR were not substantially altered by prior IFX

user (p = 0.54), types of ant-TNFs (p = 0.85), length of

follow-up (p = 0.58) or definition for LOR (p = 0.35).

Similarly, we found no evidence of interactions with the

above variables when the meta-regression analyses were

repeated for dose intensification.

Test for publication bias

Begg’s funnel plot and Egger’s test were performed, both

indicated no publication bias for the incidence of LOR

(p = 0.65, Fig. 4), but a tendency toward publication bias

for the need for dose intensification (p = 0.001).

Discussion

Anti-TNF therapy has changed the treatment of CD that is

refractory to standard medications [102]. However, as only

four anti-TNF agents (IFX, ADA, CZP and golimumab)

have shown their efficacy in treating CD, LOR is a major

concern in clinical practice. The durability of anti-TNFs

especially CZP response over years and the need for dose

escalation remain poorly studied. Our study is the first

meta-analysis to investigate the pooled incidence of LOR

or need for dose escalation in patients with CD on anti-

TNF-a therapy. In the present study, we predefined LOR in

the primary responders rather than the overall population

(primary and non-primary responders). Estimates of LOR

incidence ranged from 8.5 to 71.7%. The random effects

pooled incidence was 33% (95% CI 29–38). Similarly,

estimates of the need for dose intensification ranged from 2

to 82% with a random-effects pooled rate of need for dose

intensification of 34% (95% CI 28–41).

Overall, the mean percentage of patients who lost

response to anti-TNFs was 38.5%. The annual risk for LOR

was calculated to be 20.9% per patient-year. Specifically,

the mean percentage of patients who lost response to IFX

was 37.8%. The annual risk for LOR was calculated to be

18% per patient-year, and the according data for adali-

mumab was 35.4 and 22.7%, respectively. Both rates were

relatively similar to previous studies [103, 104]. The mean

percentage of patients with loss of IFX response was 37%

in a systematic review by Gisbert et al. [103], with the

annual risk for loss of IFX response of 13% per patient-

year [103]. Billioud et al. [104] later demonstrated the

mean percentage of LOR to ADA among primary

responders was 18.2% with the annual risk was 20.3% per

patient-year. However, as already pointed out by Chao

et al., derived from the ratio of total number of patients

with lost response (827) to total follow-up time (6284

patient-years), the calculation of 13.1% per patient-year

rate was flawed. The follow-up time reviewed was a mix of

mean, median, minimum, and maximum values. In addi-

tion, most follow-up times included periods after LOR or

discontinuation, when patients were no longer at risk for

LOR [105]. In these settings, pooling these studies with a

random-effect seems more reasonable.

According to our meta-analysis, the pooled incidence of

LOR in patients treated with IFX was 33% (95% CI

27–40). For ADA, the random-effects pooled incidence of

LOR was 30% (95% CI 22–39). Hence, rates of LOR to

IFX and ADA are broadly similar. Both estimates were

higher than the previous studies [103, 104], probably due to

the different definition for LOR. In contrast, the durability

of CZP, which serves as a third-line, response over years,

and the need for dose escalation remain poorly studied.

According to our meta-analysis, estimates of LOR to CZP

ranged from 4.3 to 36.2%, with the random-effects pooled

incidence of 41% (95% CI 30–53).

Fig. 4 Begg’s funnel plot for publication bias for incidence of LOR.

Studies (circles) within the projected 95% CI (diagonal lines) should

have complementary areas on the opposite side of the dashed line

(estimated risk ratio). Gaps in the funnel patterns indicate possible

areas of publication bias
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LOR rates should be interpreted with caution as studies

differed in population characteristics, study design and

LOR definition. Importantly, definition of LOR also dif-

fered within anti-TNFs studies. For example, a LOR was

defined as an increase in CDAI score of[70 points and a

CDAI score of[220 points in ACCENT I trial [1] or with

CDAI, HBI in an analysis of PRECISE 2/3 [60] or as ‘a

return in symptoms consistent with a flare’ in a chart-re-

view study. When subgrouped by criteria of LOR, the

random-effects pooled incidence of LOR varied among

29.9–37.3% (see Table 3). Thus, the need for dose esca-

lation is a more objective and reliable measure. According

to our meta-analysis, the random-effects pooled incidence

of dose escalation for ADA was 36% (95% CI 30–43)

which was higher than 21.4% reported in the ADA study

[104]. Dose escalation over the global study population

(initial responders and primary non-responders) underesti-

mated LOR rates by including patients with primary failure

to ADA therapy who stopped the drug before dose inten-

sification. Consistently, when considering dose intensifi-

cation only over primary responders, the mean percentage

of patients who needed a dose escalation for LOR was

higher (35.5%) [104].

The mean intervals of IFX exposure to lose response or

to need dose intensification ranged from 25 weeks to

7 years have been reported [103]. According to studies we

reviewed, the intervals of anti-TNFs exposure to LOR or to

need dose intensification ranged from 4 weeks to 7 years.

The efficacy of anti-TNF may be lost as early as a few

months after starting treatment. In fact, in the ACCENT I

trial, 40% of patients lost response between weeks 2 and

30, whereas among those with a sustained response up to

week 30, 80% maintained the response at week 54. Simi-

larly, 81% of patients in remission at week 30 were still in

remission at week 54. Interestingly, an effect of very

similar magnitude has been observed for ADA in the

CHARM trial [2]. Nevertheless, durability of anti-TNFs

maintenance therapy over multiple years has not been

defined, and consequently, the true frequency of loss of

efficacy and requirement of anti-TNFs dose intensification

in the long term is not well known. In the present study,

subgrouped by length of follow-up (C52 or\52 weeks) did

not significantly change the effect estimate. However, the

risks for LOR (32 versus 30%) or dose intensification (39.6

versus 31.6%) tended to be higher when considering

studies with a follow-up of\52 weeks. These data poten-

tially indicate that such events occur preferentially within

the first year of therapy. Regarding the study design,

prospective studies showed a higher risk for LOR. Indeed,

prospective trials are more efficient in detecting loss or

primary non-response in clinical practice. Both of trends

consisted with the previous ADA study [104].

Factors supposed to be predictors for LOR or dose

escalation based on previous studies included previous

infliximab therapy, anti-TNFs induction and maintenance

regimen, anti-TNFs serum concentration and antibodies

and concomitant therapy (see Tables 1, 2). However, a

meta-analysis revealed that combination therapy was not

statistically different from ADA monotherapy in terms of

for maintenance of remission (p = 0.48) or requirement for

dose escalation (p = 0.62) [106]. Whether patients will

benefit from combined therapy warrants further study. On

the contrary, according to a recent meta-analysis, during

maintenance therapy, patients in clinical remission had

significantly higher mean trough IFX levels than patients

LOR: 3.1 versus 0.9 lg/ml [107]. These data support

therapeutic drug monitoring (TDM) in order to optimize

serum drug levels, especially in patients with LOR to these

agents. Moreover, optimization of anti-TNF therapy by

applying TDM enables clinicians to regain response to

anti-TNFs in a significant proportion of patients [108].

Further prospective studies evaluating proactive TDM are

strongly expected.

This meta-analysis is potentially limited in some ways.

First, assessment of the methodological quality determined

that there were deficiencies in all studies evaluated, 18 of

73 observational studies were considered as low quality

(scoring \7) using the NOS Scale (Supp. Table 1). In

addition, the Begg’s funnel plot suggested a publication

bias existed toward the need for dose intensification. We

used a random effects model to conservatively account for

the clinical and statistical heterogeneity in pooled studies.

Second, the I2 statistics indicated that there was significant

heterogeneity among included studies, and we could not

identify the main determinants of the statistical hetero-

geneity seen in the overall effect estimate and the main

subgroup analysis in meta-regression. To incorporate for

statistical heterogeneity in the meta-analysis, we used a

random-effects model to analyze all outcomes. We also

performed sensitivity analyses to examine differences in

the overall effect estimate. Third, some of the predefined

subgroup aimed to evaluate the possible predictors for

LOR or dose escalation that were not performed, e.g., anti-

TNFs schedule, concomitant IMMs, type of IMMs and

anti-TNFs concentration and antibodies due to the lack of

required original data.

In conclusion, the present meta-analysis quantifies the

incidence of LOR in patients with CD on anti-TNFs ther-

apy. Overall, around a third of adult patients requires dose

intensification and experience a LOR after initiation of

anti-TNFa therapy.
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