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Clinical Review Article

Clinical Practice of Adalimumab and Infliximab Biosimilar 
Treatment in Adult Patients With Crohn’s Disease
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Jørgen Jahnsen, MD, PhD,¶,‖ Laurent Peyrin-Biroulet, MD, PhD,** Gerhard Rogler, MD, PhD,††  
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The introduction of tumor necrosis factor (TNF) inhibitors has significantly changed the treatment landscape in Crohn’s disease (CD). The overall 
therapeutic achievements with TNF inhibitors such as infliximab, adalimumab, and certolizumab pegol paved the way to push the boundaries of 
treatment goals beyond symptomatic relief and toward cessation of objective signs of inflammation, including endoscopic remission. Even though 
these agents are widely used for the treatment of moderate to severe CD, heterogeneity still exists in translating evidence-based guidelines on the use 
of anti-TNF agents into actual treatment algorithms in CD. This might be due to several reasons including disparities in health expenditure policies; 
lack of harmonization between countries; and variations in assessment of disease severity, use of disease monitoring tools, or application of treatment 
targets by physicians. With the advent of biosimilars, patent-free versions of reference biologics are now available to minimize health inequalities in 
drug availability. In this context, this article aims to provide practical clinical guidance for the use of infliximab and adalimumab biosimilars in patients 
with moderate to severe CD by outlining different clinical scenarios that patients may encounter during their treatment journey.

Key Words:  biomarkers, clinical trials, endoscopy

Received for publications December 9, 2019; Editorial Decision April 2, 2020.

From the *Division of Gastroenterology and Hepatology, Medical University of Vienna, Vienna, Austria; †Department of Gastroenterology and Hepatology, Academic 
Medical Center, Amsterdam University Medical Center, Amsterdam, the Netherlands; ‡Department of Gastroenterology, Faculty of Medicine and Health, Örebro University, 
Örebro, Sweden; §Department of Gastroenterology, Guy’s and St. Thomas’ NHS Foundation Trust, London, UK; ¶Institute of Clinical Medicine, Faculty of Medicine, University 
of Oslo, Oslo, Norway; ║Department of Gastroenterology, Akershus University Hospital, Lørenskog, Norway; **Department of Hepato-Gastroenterology and Inserm U954, 
University Hospital of Nancy, Lorraine University, Vandoeuvre-lès-Nancy, France; ††Department of Gastroenterology and Hepatology, University Hospital, University of 
Zurich, Zurich, Switzerland; ‡‡Institute of Clinical Molecular Biology, Christian-Albrechts-Universität zu Kiel, Kiel, Germany; §§Clinic of Internal Medicine I, University 
Hospital Schleswig-Holstein, Kiel, Germany; ¶¶IBD Center, Department of Gastroenterology, Humanitas Clinical and Research Center- IRCCS, Rozzano, Department of 
Biomedical Sciences, Humanitas University, Pieve Emanuele, Milan, Italy

Supported by: This work was supported by Sandoz, a Novartis division. Medical writing support was funded by Sandoz, a Novartis division.
Conflicts of interest: SD has received consultancy fees from AbbVie, Allergan, Amgen, AstraZeneca, Biogen, Boehringer Ingelheim, Celgene, Celltrion, Ferring, Gilead, 

Hospira, Janssen, Johnson & Johnson, MSD, Mundipharma, Pfizer, Roche, Sandoz, Takeda, TiGenix, UCB, and Vifor Pharma. KG has received consultancy fees and/or 
speaker’s honoraria from AbbVie, Amgen, Biogen, Boehringer Ingelheim, Ferring, Hospira, Immunic Therapeutics, Janssen, MSD, Pfizer, Samsung Bioepis, Sandoz, Takeda, 
Tigenix, and Tillotts Pharma. JH has served as a speaker, a consultant, and/or an advisory board member for AbbVie, Celgene, Celltrion, Ferring, Hospira, Janssen, Medivir, 
MSD, Novartis, Olink Proteomics, Pfizer, Prometheus Laboratories Inc., Sandoz, Shire, Takeda, Thermo Fisher, Tillotts Pharma, Vifor Pharma, and UCB; and received research 
grants from Janssen, MSD, and Takeda. PI has served as a speaker, a consultant, and/or an advisory board member for AbbVie, Falk Pharma, Ferring, Genentech, Hospira, 
Johnson & Johnson, MSD, Pharmacosmos, Samsung Bioepis, Shire, Takeda, Topivert, Vifor Pharma, and Warner Chilcott; and has received research funding from MSD and 
Takeda. JJ has served as a speaker, consultant, or advisory board member for AbbVie, Astro Pharma, BMS, Boehringer Ingelheim, Celltrion, Ferring, Hikma, Janssen, Meda, 
MSD, Napp Pharma, Orion Pharma, Pfizer, Pharmacosmos, Roche, Sandoz, Takeda, and Tillotts Pharma. LP-B has received honoraria from AbbVie, Allergan, Alma, Amgen, 
Arena, Biogen, Boehringer Ingelheim, Celgene, Celltrion, Enterome, Ferring, Genentech, Gilead, Hikma, Index Pharmaceuticals, Janssen, MSD, Nestle, Pfizer, Pharmacosmos, 
Roche, Samsung Bioepis, Sandoz, Sterna, Takeda, and Tillotts Pharma; has received grants from AbbVie, MSD, and Takeda; and holds stock options in CTMA. WR has served 
as a speaker for Abbott Laboratories, AbbVie, Aesca, Aptalis, Astellas, Celltrion, Centocor, Danone Austria, Elan, Falk Pharma GmbH, Ferring, Immundiagnostik, Mitsubishi 
Tanabe Pharma Corporation, MSD, Otsuka, PDL, Pharmacosmos, PLS Education, Schering-Plough, Shire, Takeda, Therakos, Vifor, and Yakult; served as a consultant for 
Abbott Laboratories, AbbVie, Aesca, Algernon, Amgen, AM Pharma, AMT, AOP Orphan, Arena Pharmaceuticals, Astellas, AstraZeneca, Avaxia, Roland Berger GmBH, 
Bioclinica, Biogen IDEC, BMS, Boehringer Ingelheim, Celgene, Cellerix, Celltrion, Centocor, Chemocentryx, Covance, Danone Austria, DSM, Elan, Eli Lilly, Ernst & Young, 
Falk Pharma GmbH, Ferring, Galapagos, Genentech, Gilead, Grünenthal, ICON, Index Pharma, Inova, Intrinsic Imaging, Janssen, Johnson & Johnson, Kyowa Hakko Kirin 
Pharma, Lipid Therapeutics, LivaNova, Mallinckrodt, Medahead, MedImmune, Millenium, Mitsubishi Tanabe Pharma Corporation, MSD, Nash Pharmaceuticals, Nestle, 
Nippon Kayaku, Novartis, Ocera, OMass, Otsuka, Parexel, PDL, Periconsulting, Pfizer, Pharmacosmos, Philip Morris Institute, Procter & Gamble, Prometheus, Protagonist, 
Provention, Robarts Clinical Trial, Sandoz, Schering-Plough, Second Genome, Seres Therapeutics, Setpointmedical, Sigmoid, Sublimity, Takeda, Therakos, Theravance, 
Tigenix, UCB, Vifor, Zealand, Zyngenia, and 4SC; served as an advisory board member for Abbott Laboratories, AbbVie, Aesca, Amgen, AM Pharma, Astellas, AstraZeneca, 
Avaxia, Biogen IDEC, Boehringer Ingelheim, BMS, Celgene, Cellerix, Celltrion, Centocor, Chemocentryx, Danone Austria, DSM, Elan, Ferring, Galapagos, Genentech, 
Grünenthal, Inova, Janssen, Johnson & Johnson, Kyowa Hakko Kirin Pharma, Lipid Therapeutics, MedImmune, Millenium, Mitsubishi Tanabe Pharma Corporation, MSD, 
Nestle, Novartis, Ocera, Otsuka, PDL, Pfizer, Pharmacosmos, Procter & Gamble, Prometheus, Schering-Plough, Second Genome, Setpointmedical, Takeda, Therakos, Tigenix, 
UCB, Zealand, Zyngenia, and 4SC; and has received research funding from Abbott Laboratories, AbbVie, Aesca, Centocor, Falk Pharma GmbH, Immundiagnostik, and MSD. 
GR has consulted for AbbVie, Augurix, BMS, Boehringer Ingelheim, Calypso, Celgene, Falk Pharma, Ferring, Fisher, Genentech, Gilead, Janssen, MSD, Novartis, Pfizer, 
Phadia, Roche, Takeda, Tillotts Pharma, UCB, Vifor Pharma, Vital Solutions, and Zeller; has received speaker’s honoraria from AbbVie, AstraZeneca, Falk Pharma, Janssen, 
MSD, Pfizer, Phadia, Tillotts Pharma, UCB, Vifor Pharma, and Zeller; and has received educational grants and research grants from AbbVie, Ardeypharm, Augurix, Calypso, 
Falk Pharma, Flamentera, MSD, Novartis, Pfizer, Roche, Takeda, Tillotts Pharma, UCB, and Zeller. SS has served as an advisory board member for AbbVie, Arena, Biogen, 
BMS, Celgene, Celltrion, Falk Pharma, Fresenius, Gilead, IMAB, Janssen, MSD, Mylan, Pfizer, Protagonist, Provention Bio, Takeda, and Theravance.

Address correspondence to: Dr. Walter Reinisch, Division of Gastroenterology and Hepatology, Medical University of Vienna, 716 Universitätsklinik für Innere Medizin 
III, 1090 Wien, Austria. E-mail: walter.reinisch@meduniwien.ac.at.

mailto:walter.reinisch@meduniwien.ac.at?subject=


107

Anti-TNF Treatment in Crohn’s DiseaseInflamm Bowel Dis • Volume 27, Number 1, January 2021�

INTRODUCTION
Crohn’s disease (CD) is a chronic, inflammatory, incurable 

disease with increasing incidence that can affect the entire gastro-
intestinal tract.1, 2 It comprises heterogeneous clinical and path-
ogenic conditions marked by a disturbed interface between gut 
microbiota and the mucosal immune system that elicits chronic 
inflammation progressing toward irreversible gastrointestinal 
damage, including development of a complicated disease be-
havior (ie, stricturing or penetrating CD and irreversible bowel 
damage).2–4 Symptoms of CD depend on the location and extent 
of inflammation, disease behavior, and previous surgical inter-
ventions, and may include episodic or chronic diarrhea, incon-
tinence, abdominal pain, fever, and weight loss.5 Extraintestinal 
manifestations (EIMs), such as peripheral arthritis and 
spondyloarthritis, pyoderma gangrenosum, (epi)scleritis, or uve-
itis, can contribute to the complex clinical presentations of pa-
tients with CD. The disease burden is further afflicted by anxiety, 
depression, and reduced social activities and working ability, 
entailing a pronounced impact on the patient’s quality of life.6, 7

No curative therapy is available at present, with most pa-
tients facing lifelong treatment aimed at the resolution of the 
inflammatory process and ensuing symptoms as a means to 
diminish the long-term risk of surgery and loss of intestinal 
functions.8 Approved biologic treatments for moderate to se-
vere CD include the anti-tumor necrosis factor (anti-TNF) 
agents infliximab, adalimumab, and certolizumab pegol; the 
anti-adhesion antibody vedolizumab directed against α4β7 
integrin; as well as ustekinumab, which blocks the p40 sub-
unit of interleukin-12 and interleukin-23.9–14 These therapies 
brought significant changes to the treatment landscape of CD, 
leading to improvements in disease control and quality of life. 
Specifically, the introduction of the first 2 biologics, infliximab 
(a chimeric monoclonal antibody; approved 1998 US, 1999 
EU) and adalimumab (a fully human monoclonal antibody; 
approved 2007 US and EU), constituted a quantum leap in 
efficacy with up to double the clinical and endoscopic remis-
sion rates previously seen with conventional therapies, and a 
decreased need for corticosteroids.15–21 Certolizumab pegol, a 
pegylated Fab’ fragment of a humanized monoclonal anti-TNF 
antibody, was subsequently approved in 2008 for the treatment 
of adult patients with moderate to severe luminal CD in the 
US, Switzerland, and other countries, but not the EU.22–24

Currently, evidence-based treatment guidelines for 
CD, including those issued by the European Crohn’s and 
Colitis Organisation (ECCO) and the American College of 
Gastroenterology (ACG), position anti-TNF agents as standard 
treatment options in patients with moderate to severe disease.5, 

11 However, despite widespread acceptance and frequent quo-
tation of those guidelines, there is significant heterogeneity in 
the uptake of anti-TNF agents in inflammatory bowel disease 
(IBD).25–28 Some variation arises from clinical practice and ther-
apeutic guidelines. For example, a survey in 10 European coun-
tries highlighted significant variation in the criteria applied prior 
to initiation of a biologic therapy in CD, including differences 
in disease activity thresholds and the type and number of non-
biologic therapies that must be tried before a biologic can be 
prescribed.25 The extent and impact of non-clinical barriers, 
principally cost, also vary greatly across different health systems. 
In the United States, an analysis of health care utilization found 
that infliximab accounted for 35% of a total of $4.6 billion in 
medical claim charges in IBD, despite its use being restricted to 
11% of patients.26 In Europe, the cost of medications influences 
physicians’ willingness to prescribe biologic therapy,27 and GDP 
per capita was strongly correlated with biologic uptake.25

Access to anti-TNF agents began to improve with the in-
troduction of biosimilars for infliximab in 2013 and adalimumab 
in 2018.29–32 However, there are also striking variations in the 
clinical management of patients with CD with respect to the use 
of anti-TNF agents. For example, the proportion of anti-TNF-
treated CD patients was reported to fluctuate between 31% and 
60% across high-volume IBD centers in the United States, with 
no underlying variation in disease characteristics.33 Although the 
exact causes of this fluctuation were not analyzed, differences in 
the appreciation of disease severity and patient complexity, too 
much latitude in the interpretability of guidelines, or contrasting 
approaches on the involvement of patients in the decision pro-
cess could play a role.6, 34, 35 Variations in disease-monitoring 
strategy, disease-monitoring tools, treatment optimization, and 
treatment targets could further add to the heterogeneity of the 
clinical management of CD patients with anti-TNF agents.

Evidence-based medicine and derived consensus are indis-
pensable in the management of CD. However, patients enrolled in 
randomized controlled trials are not representative of the postula-
tion seen in routine clinical practice.36 Therefore, clinical expertise 
should be incorporated into guidance documents on the manage-
ment of CD, a disease known for the plentiful variety of clinical 
scenarios that cannot all be tackled by evidence alone.

Our article aims to merge evidence and personal experi-
ence gathered over recent years to provide expert guidance on 
the use of anti-TNF agents in adult patients with moderate to 
severe CD, with a focus on ubiquitously available infliximab 
and adalimumab. By outlining and discussing the different clin-
ical scenarios that a patient may encounter during the treatment 
journey with these drugs, we strive to contribute to a greater 
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standardization of care and aim to reduce the negative impact 
on patient outcomes caused by disparities between treatment 
settings and clinicians.

PATIENT SELECTION AND ASSESSMENT
Introduction

Both infliximab and adalimumab are approved for the 
treatment of moderately to severely active CD in patients with 
inadequate response or intolerance to conventional therapy, 
including corticosteroids and/or immunomodulators, such as 
thiopurines or methotrexate.37, 38 Improved outcomes have been 
described in patients with short disease duration, supportive 
of ‘hit hard and early’ strategies such as the early introduction 
of infliximab in combination with immunomodulators (due to 
its immunogenic profile) in patients failing systemic or topical 
steroids, or of less immunogenic adalimumab monotherapy 
escalated to combination with immunomodulators in case 
of insufficient response to the former. In addition, infliximab 
is approved for the treatment of active fistulizing CD lacking 
response to conventional treatment including antibiotics, 
immunomodulators, and surgical drainage.38

In routine clinical practice, identification of patients po-
tentially indicated for anti-TNF treatment can be achieved ac-
cording to the following criteria (Fig. 1):

	•	 Confirmed moderate to severe CD: active, moderate to severe disease 
defined by a Harvey–Bradshaw Index (HBI) ≥8 and serum C-reactive 
protein (CRP) concentrations  ≥5  mg/L, and/or fecal calprotectin 
(fCal) ≥250 µg/g feces, and/or presence of mucosal lesions

	•	 Confirmed luminal or perianal disease: ileal, colonic, or ileocolonic 
disease localization with or without upper gastrointestinal involve-
ment and EIMs

	•	 Appropriate clinical criteria: patients with treatment failure after 
immunomodulators, corticosteroid-dependent or -refractory patients with 
or without concomitant immunomodulators; or patients with frequent re-
lapses (≥2 per year)

Patients presenting at a young age, with extensive small 
bowel disease, in need of immediate treatment with systemic 
steroids or with perianal disease are considered to have poor 
prognosis.11 A massive inflammatory burden—as suggested by 
indicators such as deep and extensive ulceration or diffuse bowel 
wall thickening in cross-sectional imaging/transabdominal 
ultrasonography—and excruciating EIMs such as arthritis, 

FIGURE 1.  Selection of TNF inhibitor. aFor example, complete blood count, albumin, liver function; for safe application of biologics, see 
Miehsler et al. 2010; 39 for opportunistic infections and preventive live vaccinations, see Rahier et al. 2014.40 bSee Infliximab Summary of Product 
Characteristics38, 41 and Adalimumab Summary of Product Characteristics.37, 42 Abbreviations: CD, Crohn’s disease; CRP, C-reactive protein; EIM, 
extraintestinal manifestation; fCal, fecal calprotectin; HBI, Harvey–Bradshaw Index; SmPC, summary of product characteristics; TDM, therapeutic 
drug monitoring; TNF, tumor necrosis factor.
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erythema nodosum, or pyoderma gangrenosum may likewise 
point to an aggressive course of disease and could also be con-
sidered as indicators for the early introduction of anti-TNF 
agents. There is less experience on the use of infliximab and 
adalimumab in patients with treatment failure after receiving 
biologics with other modes of action; however, it is clear that 
any biologic treatment failure reduces the likelihood of re-
sponse to subsequent therapies.43, 44

Disease Activity Scoring
Before initiating therapy with an anti-TNF agent, it is 

mandatory to assess clinical disease activity. The pivotal clin-
ical studies of  anti-TNF agents in luminal CD applied the 
CD Activity Index (CDAI) for the assessment of  disease ac-
tivity, with a threshold of  at least 220.45–47 As the CDAI has 
to be calculated over a period of  7 days, its practicality for 
routine clinical use is limited. An alternative assessment, the 
HBI, which involves collecting patient information on gen-
eral well-being, abdominal pain, daily number of  liquid or 
soft stools (stool frequency [SF]), abdominal mass, and com-
plications on a single day, correlates well with the CDAI and 
is generally the preferred measurement tool in clinical prac-
tice (see Supplementary Table 1 in the online supplementary 
data).48, 49 Active CD can be defined by an HBI ≥5 and HBI 
>16 corresponds to severe CD. Recently, eligibility criteria 
for trials include patient-reported outcomes (PROs), such as 
average SF  ≥4 and abdominal pain ≥2 over 1 week—values 
that appear transferable into clinical practice.50 However, it 
should be noted that any categorization of  disease activity 
by particular HBI or PRO thresholds is arbitrary, and symp-
toms do not align well with the inflammatory burden of  CD. 
Therefore, we strongly suggest that clinical activity scored by 
the HBI needs to be further corroborated by objective signs 
of  inflammation before initiating an anti-TNF agent. Such 
signs may include the presence of  mucosal lesions (confirmed 
by endoscopy, cross-sectional imaging, or transabdominal 
ultrasonography), fCal  ≥250  µg/g feces, and/or elevated 
CRP ≥5 mg/L.

Inflammatory Biomarkers
The inflammatory biomarkers CRP and fCal provide 

an indication of  inflammatory status in patients with CD.11, 

51, 52 Elevation in CRP at baseline predicts response to anti-
TNF agents, and, among responders to anti-TNF induction, 
normalization of  CRP at week 14 is associated with main-
tenance of  response to therapy.53–55 fCal positively correlates 
with endoscopic activity, and its decline and elevation may 
be associated with response to anti-TNF agents or a higher 
risk of  relapse, respectively.56, 57 In the Selecting Therapeutic 
Targets in Inflammatory Bowel Disease (STRIDE) program, 
biomarker remission (CRP and fCal within normal range) 
was considered as an adjunctive target, but it is currently 

evaluated as one of  the main proxies of  endoscopic activity 
in clinical practice due to the positive experience from the 
CALM study.58 There is no clear optimal cut-off  to define 
CRP elevation, and thus we suggest that the reference value 
cut-off  of  5  mg/L may be used as applied in the CALM 
study.52, 58 Similar to CRP, a clear predictive threshold for 
fCal in CD has not been established. For clinical practice, 
we suggest using the same fCal threshold of  ≥250 µg/g feces 
as in the CALM study as an indication of  clinically relevant 
intestinal inflammation.58 However, it should be stressed that 
endoscopic examination/imaging should be performed before 
initiation of  anti-TNF agents in naïve patients.

Endoscopy, Cross-sectional Imaging, and 
Transabdominal Ultrasonography

Ileocolonoscopy, cross-sectional imaging (computed to-
mography and magnetic resonance enterography [MRE]), and 
transabdominal ultrasonography are complementary proced-
ures for establishing the diagnosis of CD and can be used to 
support or exclude the eligibility of a patient for anti-TNF 
therapy, by the detection and staging of inflammation and ob-
structive and penetrating complications.11

Currently, no strict definitions of the endoscopic criteria 
required to qualify for treatment with anti-TNF strategies are 
available. The Study of Biologic and Immunomodulator Naive 
Patients in Crohn’s Disease (SONIC) trial demonstrated that 
patients with endoscopic lesions at baseline derived the largest 
benefit from infliximab treatment (either alone or in combi-
nation with azathioprine) when compared with azathioprine 
monotherapy.21 In recent clinical trials that included patients 
with moderate to severe CD, endoscopic entry criteria were de-
fined by the Simple Endoscopic Score of CD (SES-CD) ≥6, or 
≥4 in the case of isolated terminal ileal disease.59 Those criteria 
have been arbitrarily selected in the absence of clear evidence 
of the predictive value of thresholds for total sum or individual 
item scores of the SES-CD for outcome, and as such, their va-
lidity is questionable. Even though the SES-CD is barely used 
in clinical practice due to its perceived complexity and associ-
ated workload, we believe that using the SES-CD score may 
currently be the best approach to standardize reports and 
ease communication on endoscopic disease activity between 
physicians. Therefore, we encourage using the SES-CD to de-
scribe baseline findings and any changes from baseline during 
treatment.

To qualify for treatment with infliximab or adalimumab, 
patients would be expected to present with the following endo-
scopic evidence of disease: either an ulcerated surface >10% or 
large ulcers with a diameter of 0.5–2 cm in at least 1 segment 
from the ileum to the rectum. Endoscopy is the most appro-
priate method to assess mucosal healing, and performing an en-
doscopic examination at baseline may therefore be useful when 
assessing response over time.

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa078#supplementary-data
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For MRE, a number of scoring systems have been devel-
oped with a focus on developing indices for quantification of ac-
tive disease and its responsiveness to treatment. The Magnetic 
Resonance Index of Activity comprises several MRE features 
for each bowel segment, including bowel wall thickness, ulcers, 
edema, measurements of wall signal intensity before and after 
intravenous contrast administration, and relative contrast en-
hancement with a segmental score ≥7 marking active disease.60, 

61 Score thresholds informing the use of anti-TNF treatment 
have not been explored and are not in use in clinical practice. 
Nevertheless, we believe that at least a semi-quantitative assess-
ment of inflammatory disease activity by MRE can be helpful 
in the qualification for treatment with anti-TNF agents; this 
can be based on the magnitude of wall thickness (eg, >5 mm) 
and moderately increased intravenous contrast enhancement. 
Evidence on transabdominal ultrasonography similarly lacks 
validated thresholds of inflammatory disease activity with 
bowel wall thickness posing as the most prominent feature to 
rely on.

Disease Classification and Selection of 
Interventions

CD can be classified with the established Montreal clas-
sification by location (L1–L4; ileal, colonic, and ileocolonic di-
sease with or without upper gastrointestinal tract involvement) 
and phenotype (B1–B3p; segregating inflammatory stricturing 
or penetrating disease with or without perianal involvement).62 
Furthermore, ECCO advocates differentiation into localized 
and extensive disease, defined as intestinal CD affecting <30 cm 
and >100 cm in extent, respectively.11

The conventional indication for anti-TNF treat-
ment in biologic-naïve, non-operated patients, according to 
the Montreal classification, is the B1 phenotype (ie, non-
stricturing, non-penetrating disease), whereas for patients with 
the stricturing phenotype B2 or the penetrating phenotype B3, 
surgical options should be discussed first.62 However, in the sub-
group of patients with symptomatic small bowel strictures (ie, 
those who have a prominent inflammatory component of the 
strictures), the recently published CREOLE study has shown 
that adalimumab may be successfully administered with long-
term benefit, with 51% of the patients not requiring surgery 
during a 4-year follow-up.63 In the case of fistulizing disease, 
abscesses should be drained either radiologically or surgically 
before starting treatment because the presence of undrained 
sepsis is a contraindication to anti-TNF therapy. The manage-
ment of internal fistulae is still controversial in terms of the 
need for resection of the fistula-deriving segment; 64 in general, 
patients with imminent risk for surgical intervention should not 
be treated with anti-TNFs due to potential for an increased risk 
of perioperative infections.11

In CD, symptoms can derive from various non-
inflammatory causes and therefore inflammation needs to 
be confirmed as the cause of symptoms before treatment. 

Conversely, asymptomatic patients may have active inflamma-
tion that is appropriate for treatment. However, as those patients 
by definition fall outside the licensed indications for anti-TNF 
agents, treatment initiation should be considered after careful 
weighing of the individual benefit–risk balance. For this reason, 
an alternative holistic approach was proposed recently by Siegel 
and co-workers who developed the IBD index as an integra-
tive tool to assess the long-term burden of the disease based 
on selected attributes that determine overall disease severity.65 
These include the presence of mucosal lesions, fistulae or pe-
rianal abscesses, intestinal resection >40 cm, and high inflam-
matory load. Although this approach might be useful in future 
clinical practice to draw a picture that extends beyond acute 
clinical symptoms, this index has not yet been validated.

Preparing for Treatment Initiation
Before initiating treatment with anti-TNF agents, com-

prehensive safety checks should be performed as specified in 
the international and local guidelines, including testing for 
opportunistic infections and ensuring safe time intervals be-
tween preventive live vaccinations and exposure to anti-TNF 
agents (Fig.  1).39, 40 During this evaluation, attention should 
be paid to the contraindications for treatment with infliximab 
or adalimumab (active tuberculosis or other severe infections, 
such as sepsis and opportunistic infections; moderate to severe 
heart failure).37, 38, 41, 42 Patients with confirmed EIMs require a 
multidisciplinary team approach for effective management.66, 67

Before initiating therapy with an anti-TNF agent, it is 
good practice to set patient-specific treatment goals.57 A base-
line patient questionnaire completed in the waiting room prior 
to the consultation can be used to document subjective symp-
toms and problems, facilitate the following consultation visit, 
and provide relevant information for ongoing monitoring and 
patient management (an example clinical follow-up question-
naire is included in the online supplementary data).

TREATMENT SELECTION
Infliximab and adalimumab have been studied exten-

sively in patients with CD; however, prospective, double-blind, 
double-dummy studies directly comparing the 2 biologics are 
not available. Most of the available comparative evidence is de-
rived from retrospective and some prospective observational 
cohort studies, which suggest no major differences in efficacy 
and safety between infliximab and adalimumab but a higher im-
munogenicity of the former (see Supplementary Table 2 in the 
online supplementary data and references therein).

Route and schedule of  administration are likely to drive 
physician and patient preference (Fig.  1). Infliximab is ad-
ministered intravenously and therefore must be administered 
over a significant time period in a clinical setting, whereas 
adalimumab is delivered subcutaneously, allowing for 
home-based treatment; the 2 therapies also differ regarding 
the administration schedule (see Therapeutic Scenarios).68 

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa078#supplementary-data
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Treatment with infliximab can be easily tailored according 
to weight- and therapeutic drug monitoring (TDM)-
based dosing adjustments, whereas dose optimization with 
adalimumab is limited by the 40  mg and 80  mg fixed-dose 
injections. This difference should be considered in patients 
with a weight >80 kg in whom the efficacy of  the standard 
adalimumab dose of  40 mg once every 2 weeks seems to be 
less pronounced.11 A similar rationale applies to patients with 
presumably high drug clearance at baseline, in particular 
those with low serum albumin levels, high serum CRP con-
centrations, and obese patients, in whom more flexible dosing 
with infliximab may help achieve appropriate drug expo-
sure.69 Physician preference may also be driven by perceptions 
of  differing potency; a US survey indicated that infliximab 
may be regarded as more potent than adalimumab by both 
IBD experts and non-expert physicians.70

Combination therapy of the more immunogenic 
infliximab with azathioprine has been shown to be supe-
rior to either treatment alone in patients with CD and is the 
strategy of first choice for the use of infliximab.21 The efficacy 
of combining adalimumab with immunomodulators has been 
assessed in a meta-analysis of 18 studies that found that a com-
bination therapy is potentially only marginally more effective 
than adalimumab monotherapy for the induction of clinical 
remission.71 Starting adalimumab as monotherapy escalated 
to combined immunosuppression is a strategy successfully ex-
plored in the CALM study.58 In general, we suggest considering 
stopping any concomitant immunomodulator during the first 
6–12  months of treatment in patients achieving stable remis-
sion when corroborated by the absence of objective signs of in-
flammation, including normalization of inflammatory markers. 
However, it is important to consider that immunogenicity is a 
significant issue, particularly with infliximab,72 and so ongoing 
immunomodulatory therapy may be necessary to maintain the 
effectiveness of therapy. Based on vast experience, infliximab 
is approved and generally considered first choice in perianal 
fistulizing disease.73

The lack of availability of certolizumab pegol in Europe 
has resulted in limited experience with this agent. While recom-
mended in European guidelines as an alternative to infliximab 
and adalimumab, data suggest that infliximab plus azathioprine 
and adalimumab have superior efficacy for induction of remis-
sion.74 A situation in which certolizumab pegol may be partic-
ularly useful is in pregnancy or during breastfeeding. Safety 
concerns associated with the use of anti-TNF during preg-
nancy have been extensively discussed.75–78 A  2016 consensus 
recommended to continue anti-TNF therapy in pregnant 
women with IBD who are on anti-TNF maintenance therapy 
(Statement 10A).79, 80 However, with certolizumab pegol, the 
FDA have granted a label update that includes pharmacoki-
netic data showing negligible to low transfer of the biologic 
through the placenta and minimal mother-to-infant transfer 
from breast milk.22, 78

Biosimilars
A biosimilar is a biologic medicine that is highly sim-

ilar, in terms of clinical behavior (including efficacy, safety, 
immunogenicity, and pharmacokinetics) and product quality, 
to a previously approved existing biologic medicine (known 
as the reference medicine).81 Biosimilars are approved using 
a stringently controlled, specific regulatory pathway in which 
extensive preclinical demonstration of similarity at a physico-
chemical and functional level allows for an abbreviated, stream-
lined clinical trial program.82 Clinical trials comparing the 
biosimilar with the reference medicine are conducted in 1 or 2 
indications known to be most sensitive to detect differences be-
tween the 2 molecules.82 Once similarity has been demonstrated 
in these indications, the totality of evidence for similarity be-
tween biosimilar and reference medicine from preclinical and 
clinical data allows approval in additional non-studied indica-
tions via extrapolation from the experience with the reference 
medicine.82

The rationale for the use of biosimilars in IBD, as in 
other conditions, is that the abbreviated pathway allows for a 
reduction in the overall costs of development, which can be 
passed on to health care systems in terms of more affordable 
prices compared with reference medicines.83 As such, the use of 
biosimilars in IBD, a disease with a high health economic and 
societal burden, may enable wider access to therapy as well as 
providing savings that may allow greater investment in addi-
tional medicines or technology.84

A large number of biosimilars of adalimumab and 
infliximab are currently approved in the EU for use in IBD85, 86 
and several more are in the pipeline,87 in addition to biosimilars 
of newer biologics such as ustekinumab, certolizumab pegol 
and golimumab.88, 89 For the approved biosimilars of infliximab 
and adalimumab, pivotal trials used for approval were gener-
ally conducted in rheumatological diseases (rheumatoid ar-
thritis [RA], ankylosing spondylitis, and psoriasis) rather than 
IBD.84, 89 The rationale for this decision was the extensive clin-
ical experience with biosimilars in patients with rheumatolog-
ical diseases, as well as increased sensitivity to detect treatment 
differences between biosimilar and reference medicine in these 
illnesses.

Following approval, a number of trials have been con-
ducted for biosimilars in IBD. To date, these have focused mostly 
on infliximab, as the first infliximab biosimilars were approved 
in 2013,85 whereas adalimumab biosimilars have only been avail-
able since late 2018 in Europe, and are not yet available in the 
United States owing to patent issues.90 A meta-analysis of 11 
observational studies conducted with an infliximab biosimilar 
demonstrated excellent efficacy and safety across both CD and 
ulcerative colitis patients.91 More recently, a large national ob-
servational study was conducted in over 3000 infliximab-naïve 
patients with ulcerative colitis in France.92 Patients received ei-
ther reference infliximab or an infliximab biosimilar. The results 
showed that the biosimilar resulted in equivalent effectiveness 
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on a composite endpoint (including death, ulcerative colitis-
related surgery, all-cause hospitalization, and reimbursement 
for other biologics [other anti-TNF agents or vedolizumab]) 
and a potential improvement in the number of serious infec-
tions. These data suggest that biosimilars offer an effective and 
safe alternative to premium biologics in IBD.

Despite the stringent regulatory approval processes for 
biosimilars, which confirms extensive similarity with the ref-
erence medicine, one concern frequently raised with regard to 
biosimilars is the potential implications of a switch from refer-
ence medicine to biosimilar or vice-versa, or from biosimilar to 
biosimilar. Physicians, other health care professionals, and pa-
tients may anticipate differences in immunogenicity and safety, 
or even a loss of efficacy, following a switch between different 
versions of the same biologic.93 Several switching studies have 
been conducted in IBD, with the NOR-SWITCH study being 
perhaps the most noteworthy. NOR-SWITCH was conducted 
at 40 infusion centers in Norway in patients with rheumato-
logical diseases who had received stable treatment with ref-
erence infliximab in a hospital setting for at least 6 months.94 
Of 482 patients randomized into the full study, 155 (32%) had 
CD, and 93 (19%) had ulcerative colitis. Patients were random-
ized to continue to receive reference infliximab or switch to an 
infliximab biosimilar. Patients switched to biosimilar infliximab 
demonstrated non-inferiority to reference infliximab on a com-
posite primary endpoint of disease worsening (assessed by the 
Harvey–Bradshaw Index and partial Mayo score). No signif-
icant differences were seen between groups on inflammatory 
markers, anti-drug antibodies, pharmacokinetics, safety, or 
number of patients in clinical remission at 1 year. Additional 
studies have confirmed these results. In a study in biologic-naïve 
patients with active CD,95 patients were randomized to refer-
ence or biosimilar infliximab for 30 weeks, then re-randomized 
to continue on their original assigned treatment or crossover to 
the other treatment group for a further 24 weeks. On the pri-
mary endpoint of clinical response (proportion of patients with 
a decrease of 70 points or more in CDAI) at week 6, biosimilar 
infliximab was non-inferior to reference infliximab; there were 
no significant differences in safety between the 2 groups. In a 
more recent study, 133 patients with IBD at a UK center were 
switched from one infliximab biosimilar (CT-P13) to a second 
one (SB2),96 a situation that is likely to become common-
place given the large numbers of infliximab biosimilars now 
available.97 In this study, no impact was observed on patient 
outcomes as assessed by disease activity, treatment-specific do-
mains of IBD-Control (a validated patient-reported outcome 
measure in IBD), and drug persistence for at least 4 months. 
However, the results presented so far are preliminary in nature 
and further, longer-term data in multiple large cohorts are re-
quired to confirm the results and examine the impact of mul-
tiple switches between different biosimilars.96

A separate, though related, issue is the concept of in-
terchangeability between different biologics—the ability for 

biologics to be substituted for one another without a prescriber 
intervention.98 The FDA defines interchangeability as the 
proven ability to produce the same clinical result as the refer-
ence medicine in all approved indications, which is evaluated 
based on similar criteria to those used for biosimilar approval.99 
Although evidence from switching studies suggests that substi-
tution in this manner should not result in any changes in ef-
ficacy, safety, or immunogenicity, no biologics have yet been 
approved by the FDA for interchangeable use, for any indica-
tion.100 In Europe, the EMA does not make recommendations 
on interchangeability of biosimilars and/or automatic substitu-
tion at the pharmacy level, instead devolving the decision pro-
cess to individual member states.101 In practice, biologic choice 
often depends on formulary availability rather than physician 
or patient preference, with biosimilar use mandated on the 
basis of cost in some health systems.

In some cases, biosimilar manufacturers are driving inno-
vation in therapy. For example, Celltrion has developed the first 
subcutaneously administered infliximab formulation, ahead of 
the developers of the reference medicine.102 After a trial in which 
patients with RA switched from intravenous to subcutaneous 
CT-P13, the drug has been approved in Europe for the treat-
ment of RA and is under review by the FDA. A trial has also 
been conducted in IBD, which will form the basis for approval 
in Europe; in the United States, however, approval in IBD will 
follow the pathway for novel products rather than biosimilars.

TREATMENT INITIATION
During the induction phase, infliximab is administered as 

an intravenous infusion at a fixed dose of 5 mg/kg of the patient’s 
body weight at weeks 0, 2, and 6 (Fig.  2A). However, clear-
ance of infliximab varies between patients. Ideally, the dosing 
should be individually adjusted after the first dose to ensure 
similar subsequent exposures across patients and to reduce the 
risk of anti-drug antibody (ADA) formation and primary non-
response due to rapid drug elimination. Strategies deploying 
Bayesian models to predict serum infliximab concentrations 
have been developed, but controlled data on the efficacy of those 
models during induction are still lacking. Nevertheless, patients 
with risk factors for high drug clearance at baseline, in partic-
ular obese patients and those with low serum albumin levels 
(<35  mg/L) or high serum CRP concentrations (>2  mg/dL), 
may benefit from flexible dosing of infliximab during induction, 
including shorter intervals and/or higher doses of up to 10 mg/
kg.104–107 Response should be evaluated during and after the in-
duction phase, before continuing with maintenance treatment. 
From week 14 onwards (maintenance phase), infliximab is ad-
ministered every 8 weeks or at adjusted intervals according to 
the patient’s need.38, 41

The induction phase for adalimumab spans a period of 
subcutaneous administrations of decreasing doses at week 0 
(eg, 160 mg), week 2 (eg, 80 mg), and week 4 (eg, 40 mg), with 
the recommended induction doses varying between different 
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regulatory agencies.37, 42, 108 The initial induction regimen is fol-
lowed by injections every other week, and patients are likely to 
show clinical response with this regimen. A study exploring the 
efficacy of an optimized induction regimen with adalimumab 

in ulcerative colitis has finished recruitment,109 and the results 
are eagerly awaited. A clear definition of duration of induction 
with adalimumab is still disputed, and the approach recom-
mended by ECCO guidelines is to start maintenance at week 6 

FIGURE 2.  A, Initial treatment strategy. aSuch as obese patients and those with low serum albumin levels (<35 mg/L) or high serum CRP concentra-
tions (>2 mg/dL). bDiscontinuation of azathioprine is recommended if CRP <5 mg/L and fCal <250 µg/g feces, serum trough levels are within ther-
apeutic window and there is no evidence of immunogenicity. B, Treatment strategy for primary remission or response to anti-TNF therapy. cSF and 
abdominal pain scores should also be no greater than baseline values. dResolution of findings of inflammation on transabdominal ultra-sonography 
or cross-sectional imaging in patients who cannot be adequately assessed with ileocolonoscopy. eSignature lesions defined as the worst lesions 
identified. fFor example, very large ulcers (>2 cm) should decrease in size to large ulcers (>0.5–2 cm), large ulcers to small ulcers (≤0.5 cm), and small 
ulcers should heal completely. gInstances of discrepant results should be interpreted with caution, as biomarkers are not specific and may not reflect 
disease status. hFor those with objective signs of inflammation close to the ranges of remission, with a view to observe a potential late remission. 
C, Treatment strategy for primary non-response to anti-TNF therapy. iInitial brief improvement in symptoms and/or biomarkers, converting into 
a non-response during induction. jResponse after the induction treatment window; this scenario is often characterized by a disconnect between 
symptoms and biomarkers, where a reduction in symptoms during induction treatment precedes an improvement of biomarker levels. D, Treatment 
strategy for loss of remission/response to anti-TNF treatment during maintenance phase (secondary loss of response/remission). KIn unclear situ-
ations, endoscopy and/or cross-sectional imaging/transabdominal ultra-sonography may be needed. lThe diagnostic procedures to rule out other 
causes should be selected based on the appropriate guidelines and on the onset of symptoms, their dependency on food intake, the location of 
pain, associated complaints such as bloating or nausea, history of travel and exposure to infectious agents, among others. mPerianal disease report-
edly requires higher target serum concentrations of infliximab.103
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with 40 mg administered every other week.11 However, evidence 
points to the possibility of induction response to adalimumab 
at later time points.110

The Personalising Anti-TNF Therapy in CD (PANTS) 
study, which evaluated predictors of anti-TNF treatment 
failure in anti-TNF-naïve patients with active luminal CD, 
showed in a multivariable analysis that the only factor inde-
pendently associated with primary non-response to infliximab 
or adalimumab was low drug concentration at week 14 (both 
P < 0.0005). Optimal week 14 drug concentrations associated 
with both week 14 and week 54 remission were 7  mg/L for 
infliximab and 12 mg/L for adalimumab, and week 14 drug con-
centration was independently associated with non-remission at 
week 54 (P < 0.0001 for both).72 It remains unclear whether per-
sonalized induction regimens can be used to improve outcomes 
in patients treated with anti-TNF agents.

There are various opinions on how regularly response 
should be monitored during the induction phase. As a gen-
eral approach, we recommend assessing induction response to 
adalimumab after 8–14 weeks of treatment. However, in pa-
tients with severe disease, additional visits can be planned im-
mediately before infusions or injections at the start, middle, and 
end of induction (eg, at weeks 2, 6, and 14). Reduction of dosing 
intervals to weekly injections or single higher doses during the 
induction phase may be necessary to achieve response in pa-
tients with a presumed high drug clearance rate and patients 
with body weight >80 kg. With all anti-TNF therapies, TDM 
should be performed immediately after the induction phase to 
allow identification of subtherapeutic dosing levels and appro-
priate dose adjustments to correct drug levels.111

Upon initiation of anti-TNF administration, systemic or 
local corticosteroids should be kept below a dose of 20 mg per 
day, and concomitant administration should not exceed a treat-
ment period of 12 weeks.11 We do not concur with the practice 
applied in clinical trials when concomitant systemic steroids 
need to be kept stable until the end of the induction treatment. 
We suggest starting to taper systemic steroids with the first signs 
of improvement of clinical symptoms and/or inflammatory 
biomarkers based on the evidence that additional immunosup-
pression increases the risk of infectious events, in particular in 
the setting of double or triple immunosuppression.112

Initiation of biosimilars may require a tailored approach 
beyond that used for reference biologics. Evidence suggests that 
patients may have significant concerns around the prescription 
of biosimilars; a survey conducted by the European Federation 
of Crohn’s and Ulcerative Colitis Associations reported that 
only 31% of respondents would be fully confident about re-
ceiving biosimilars, even if  their prescription was made by their 
treating physician and was initiated with a full explanation.113 
Furthermore, 20% of patients indicated that they would request 
to stop treatment with a biosimilar at the ‘first doubt, or alter-
native event.’ This lack of confidence in biosimilars can lead to 
the ‘nocebo effect’, in which a switch to a biosimilar version of a 

medicine can be linked to increased reporting of adverse events, 
subjective experience of disease worsening, and reduced treat-
ment adherence.114, 115 Therefore, when initiating a biosimilar, it 
can be useful to employ positive framing around the biosimilar, 
as a patient’s expectation of a drug’s effect may influence ef-
ficacy. In addition, when transitioning from a reference med-
icine to a biosimilar, a structured communication strategy for 
the transition may increase adherence. For example, a study 
examining etanercept biosimilars employed a 3-part transition 
strategy. Patients were first informed by letter of an available 
option to switch from the reference medicine to a biosimilar. At 
their next prescription refill, they were asked by the pharmacy 
technician if  they would be willing to switch to the biosimilar. 
If  they agreed, they received the biosimilar, whereas if  not, they 
were contacted by their treating physician to discuss the switch. 
Almost all of the patients eventually agreed to switch to the 
biosimilar, and adherence rates following the switch were com-
parable with historical cohorts, with no clinically relevant dif-
ferences versus patients that continued to receive the reference 
medicine.116

TREATMENT GOALS
In the STRIDE program, the recommended treatment 

target for CD was clinical/PRO remission, defined as a com-
bination of resolution of abdominal pain and diarrhea/altered 
bowel habit, and endoscopic remission, the latter described as 
resolution of ulceration at ileocolonoscopy or resolution of 
findings of inflammation on cross-sectional imaging in patients 
who cannot be adequately assessed with ileocolonoscopy.57 
Overall, there is extensive literature on the impact of mucosal 
healing on long-term outcomes.117 Specifically, mucosal healing 
in response to anti-TNF therapy has been associated with im-
proved outcomes of CD and is predictive of long-term remis-
sion rates.118 In contrast, there is currently no evidence that 
resolution of PROs can influence the long-term course of CD. 
As discussed above, inflammatory burden may not be directly 
correlated with symptoms in CD, which strengthens the notion 
that mucosal healing should be prioritized over resolution of 
symptoms in cases where they seem to be disconnected from 
each other.

THERAPY MONITORING
A large proportion of patients with CD who are treated 

with anti-TNF agents experience loss of response within a 
year; 119 therefore, monitoring and adjusting therapy may im-
prove outcome. Patient monitoring can take 4 different forms: 
clinical monitoring, biomarker analysis, imaging, and TDM, 
each delivering complementary information on the disease 
status or the pharmacokinetics of the drug within the patient 
(Fig.  3). A  report from the IBD Ahead Steering Committee, 
drafted following a structured literature search and a series of 
consensus meetings, recommended that disease activity should 
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be monitored on a regular basis using objective parameters 
such as fCal and endoscopy.120 Demographic and clinical fea-
tures can also be used to identify patients at a higher risk for 
complications, and additional monitoring should be tailored 
to meet individual patient needs.74, 120 The monitoring schedule 
should be set with the objectives of achieving the treatment 
goal of disease remission.57

In routine clinical practice, the monitoring strategy de-
pends on local availability, practice, and costs. Strategies can 
be either reactive (aimed at triggering treatment escalation in 
case of clinical deterioration/insufficient clinical response), or 
proactive (referring to adjustments prompted by the lack of 
achievement of a non-symptom-based target or its proxy at de-
fined stages of treatment, such as increased biomarker levels, as 
used in the CALM study).58, 121

Clinical monitoring comprises physical examination and re-
cording of PROs, including abdominal pain and SF documented 
by a standardized questionnaire and used to populate the HBI. 
The value of biomarkers in therapy monitoring is supported by 
the recently published results of the CALM study, where tight bi-
omarker monitoring (based on thresholds of fCal ≥250 µg/g feces 
and/or elevated CRP ≥5 mg/L) was more beneficial to patients 
in terms of mucosal healing (primary endpoint) compared with 
decisions based on clinical symptoms alone.58

The frequency of  clinical and biomarker monitoring 
may vary, but the schedule of  1 visit every 12 weeks ap-
plied in the CALM study may be feasible for the first year 
of  treatment. Adjustments may be needed based on the clin-
ical presentation and inflammatory disease activity, with 
shorter intervals in patients with high inflammatory burden 
at baseline and widened intervals in those achieving stable 
remission supported by objective signs of  inflammation. It is 
debatable to what extent biomarker monitoring can replace 
endoscopy and cross-sectional imaging or transabdominal 
ultrasonography in patients with luminal, non-stricturing, 
non-penetrating (non-operated) CD. Nevertheless, the expe-
rience from the CALM study suggests that after the baseline 
assessment, imaging may be dispensable during the first years 
of  follow-up in patients in whom no disease complications 
are suspected.

TDM considers 2 relevant issues: (1) the serum level of 
the biologic, which needs to be consistently within an assumed 
therapeutic window, and (2) the presence of ADAs, which have 
the potential to inhibit the activity of the biologic over pro-
tracted periods of time. Prospective studies on the clinical value 
of TDM of anti-TNF agents in CD are scarce and do not une-
quivocally support its use in clinical practice, although it should 
be noted that criticisms have been raised regarding potential 

FIGURE 3.  Therapy monitoring. aReactive: aimed at triggering treatment escalation in case of clinical deterioration/insufficient clinical response; 
proactive: aimed at making adjustments prompted by the lack of achievement of a non-symptom-based target or its proxy at defined stages of 
treatment, such as increased biomarker levels. bBased on the CALM study tight control criteria.58 cFrequency of monitoring may be influenced by 
the clinical presentation and level of inflammatory disease activity, with shorter intervals in patients with high inflammatory burden at baseline and 
widened intervals in those achieving stable remission supported by objective signs of inflammation. Abbreviations: ADA, anti-drug antibody; CRP, 
C-reactive protein; fCal, fecal calprotectin; HBI, Harvey–Bradshaw index; PRO, patient-reported outcome; SF, stool frequency; TDM, therapeutic drug 
monitoring.
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bias in trials assessing TDM, including non-adherence to the 
protocol, imprecision  and indirectness in randomized con-
trolled trials; and retrospective design and imprecision in obser-
vational studies.122 Most convincing are associative studies that 
reveal insightful exposure–response relationships for infliximab 
and adalimumab during maintenance treatment.123, 124 Mucosal 
healing was found to be associated with levels of infliximab 
above 5 μg/mL and levels of adalimumab above 7.1 μg/mL.14 
Based on these findings, adalimumab levels above 5 μg/mL and 
infliximab levels between 3 and 7 μg/mL are considered thera-
peutically relevant; however, recent studies suggest that in some 
patients an infliximab trough concentration above 7  μg/mL 
may provide better disease control.125 In patients with perianal 
fistulizing disease, higher infliximab trough concentrations of 
10–20 μg/mL may be required to achieve healing.111

Note should also be made of the fact that these guide-
lines should be interpreted in the context of variability in 
inter-assay results. Fewer data are available for induction treat-
ment.14 The presence of ADAs is clinically relevant due to their 
association with poor treatment outcomes, and ADA forma-
tion has been shown to be curbed by the use of concomitant 
immunomodulators.72, 126, 127

For biosimilars, drug levels before and after a switch from 
the reference medicine to a biosimilar display excellent agree-
ment,128 suggesting that the same assays can be used for TDM 
regardless of which version of the biologic is administered. In 
addition, studies have shown that sera obtained from patients 
with ADAs to a reference medicine cross-react to the biosimilar, 
and correlation between ADA titres with reference medicine 
and biosimilar was excellent.100 These data have important im-
plications for switching to biosimilars, in that patients experien-
cing a secondary loss of response to a certain biologic should 
not be prescribed another version of that same biologic, as the 
response will likely be limited and the patient may even be ex-
posed to an increased risk of ADA-related adverse events such 
as anaphylaxis.100

THERAPEUTIC SCENARIOS

Scenarios of Anti-TNF Treatment Outcomes
Primary/continuous remission.  According to the STRIDE 
program, remission is defined as a combination of  resolu-
tion of  clinical symptoms and endoscopic remission as out-
lined previously.57 In current clinical trials, clinical remission 
is defined by average daily threshold values calculated from 
outcomes assessed on a weekly basis (eg, an average daily 
SF  ≤2.8 and average daily abdominal pain score  ≤1.0, both 
also not greater than baseline). As weekly recording of  PROs 
is not practiced in clinical routine, an SF ≤3 and an abdom-
inal pain score ≤1.0 on the day prior to the visit, both also not 
greater than baseline, could be adopted as a more practical 
definition of  clinical remission (Fig.  2B). An HBI score  ≤4 
is recommended as an alternative. As mentioned above, 

endoscopy is the standard procedure for evaluating decreases 
in ulcer size and surface from baseline during treatment, with 
transabdominal ultra-sonography and cross-sectional im-
aging being alternative and/or complementary procedures. 
The feasibility of  imaging is often limited by cost, invasive-
ness, and operator dependency; therefore, in routine clinical 
practice, the presence of  inflammatory biomarkers within 
normal range (ie, fCal  <250  µg/g feces and CRP  <5  mg/L) 
may be used as a substitute for mucosal healing after induc-
tion treatment.

In patients achieving remission during treatment with 
anti-TNF agents, clinical symptoms and inflammatory bio-
markers should be monitored approximately every 3  months 
(Fig.  2B). To confirm continuous remission, endoscopy and/
or imaging is proposed after 6–12 months, which may also be 
combined with TDM to check that the serum trough levels 
are therapeutic. However, the established serum concentra-
tion thresholds of infliximab and adalimumab do not ex-
clude the possibility of mucosal healing below the cut-offs. 
Therefore, dose optimization is not recommended in patients 
who are in clinical and endoscopic remission or biomarker re-
mission. However, loss of response and development of ADA 
is more likely in patients whose serum trough levels become 
subtherapeutic. Therefore, proactive TDM and dose optimi-
zation should be considered even in patients without evidence 
of active disease. Any increases in biomarker levels within the 
range of biomarker remission should ideally be reassessed after 
1–3 months to ensure that remission is maintained. Loss of bi-
omarker remission in patients with clinical remission should 
prompt TDM (if  not already being carried out proactively), 
endoscopy, and/or imaging, followed by subsequent treatment 
optimization. Suitable optimizations include reduction of dose 
intervals for infliximab and adalimumab or dose increase for 
infliximab for asymptomatic patients. Observed improvements 
in serum concentrations of anti-TNF agents should be re-
assessed at trough 6–14 weeks after optimization.
Primary response, but not remission.  Up to 70%–85% of pa-
tients respond at any time during induction with an anti-TNF 
treatment based on levels of symptoms and/or inflammatory 
biomarkers (see above for the discussion of time window for 
assessments of infliximab and adalimumab induction treat-
ment).118 Response is usually defined by the change of a 
symptom-based score from treatment initiation to the end of 
induction period. A  3-point change in the HBI corresponds 
to a 100-point change in the CDAI, and both are considered 
clinically relevant improvements qualifying for the definition of 
clinical response.49 With the regulatory requirement to apply a 
PRO-based primary endpoint in clinical trials for CD, clinical 
response is defined as ≥30% decrease in average daily SF and/or 
≥30% decrease in average daily abdominal pain score, both of 
which should not be worse than baseline.

Both HBI- and PRO-based clinical response criteria 
are applied in routine clinical practice but are only weakly 
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associated with improvements in objective measures of  in-
flammation.129, 130 Therefore, the authors suggest that as-
sessment of  clinical response should be accompanied by 
measuring inflammatory biomarkers, endoscopy, and/or 
transabdominal ultrasonography (Fig. 2B). Biomarker-based 
response criteria have not been established in prospective 
clinical trials, but an example of  applying absolute thresh-
olds can be derived from the CALM study (fCal  ≥250 µg/g 
feces and/or elevated CRP  ≥5  mg/L).58 It may, however, be 
difficult to achieve for patients starting with a high inflam-
matory burden (eg, fCal  ≥1000  µg/g feces and/or elevated 
CRP ≥20 mg/L), in whom the relative change from baseline 
may be more appropriate. Response defined as a 50%–75% 
decrease from baseline in the levels of  these biomarkers ap-
pears to be meaningful in our assessment.

In current clinical trials, endoscopic response is defined 
by a decrease in SES-CD >50% from baseline or at least a 
2-point reduction from baseline for patients with baseline 
SES-CD of  4, such as patients with small bowel disease.59 An 
alternative approach for clinical practice could be to follow 
up on the worst lesions (ie, signature ulcerations), which 
should improve by at least 50% in size and extent of  ulcerated 
surface. In keeping with the use of  the SES-CD, signature le-
sions should improve by at least 1 category; for example, very 
large ulcers (>2  cm) should decrease in size to large ulcers 
(>0.5–2 cm), large ulcers to small ulcers (≤0.5 cm), and small 
ulcers should heal completely (see Supplementary Table 3 in 
the online supplementary data).131 The same approach could 
be applied to the lesions observed on cross-sectional imaging 
and transabdominal ultrasonography (eg, enhancement, 
bowel wall thickness).

If  a patient achieves biomarker or endoscopic remission, 
but clinical symptoms are not resolved, alternative causes for 
the symptoms that are not related to inflammation should be 
explored.

With remission as the treatment target, response alone 
does not suffice as a long-term outcome. Therefore, if  the pa-
tient is responding to induction treatment, but full remission 
is not achieved, the following measures can be considered 
(Fig. 2B).

•	 First, in patients who respond clinically and on the level of bio-
markers/endoscopy and/or imaging, TDM may inform dose opti-
mization in cases of low drug exposure. Where ADA formation is 
identified, the addition of an immunomodulator in parallel with 
dose optimization is advised. In patients with improvements in ob-
jective signs of inflammation close to the ranges of remission and 
adequate drug exposure, standard maintenance treatment could be 
started to observe a potential late remission.

•	 Second, in patients who respond clinically, but not on the level of 
biomarkers, endoscopy, or imaging, the same approach as above 
could be taken. Re-induction can also be considered in cases of low 

exposure. As a spurious improvement of symptoms cannot be ex-
cluded in this scenario, a change to a different mode of action can be 
considered if  drug exposure is in the targeted range.

•	 Third, in patients who are responding on the level of biomarkers, 
endoscopy, or imaging but not clinically, symptoms may result from 
causes other than inflammation and further investigation is war-
ranted. As in the settings described in the first and second points, 
TDM may help inform dose optimization in case of low exposure, 
and addition of an immunomodulator to dose optimization could be 
considered in cases of ADA formation. For the interpretation of dis-
crepant results, we note that inflammatory biomarker levels should 
be interpreted with caution as they are not specific to CD and there-
fore may not always reflect the disease status.

Symptoms and biomarkers should be monitored approx-
imately every 3 months until remission is achieved, and TDM 
should be followed up at trough 6–14 weeks after dose adjust-
ment. As recommended above, endoscopy and/or imaging can 
be performed 12 months after achieving remission, but primary 
monitoring via fecal biomarkers is preferred.
Primary non-response to therapy. This is the most challenging 
situation for both the patient and the treating gastroenterolo-
gist, as it is associated with a reduced likelihood of a long-term 
benefit from anti-TNF agents. Although there is no consensus 
on its detailed definition, primary non-response constitutes a 
lack of improvement of signs and symptoms after induction 
therapy (ie, within 14 weeks).102 Non-response scenarios are de-
tailed below (Fig. 2C).

•	 Non-response of symptoms and biomarkers. If clinical symptoms and 
inflammatory biomarkers (CRP and fCal) both indicate non-response, 
low serum trough levels may be used to support dose escalation of the 
anti-TNF therapy, and in patients receiving infliximab or adalimumab 
monotherapy, low serum trough levels or low-titer ADAs support 
the addition of an immunomodulator. If symptoms do not resolve 
after dose adjustment and/or the addition of an immunomodulator 
but a decrease in inflammatory biomarkers occurs, continued moni-
toring is required until response/remission is achieved. Endoscopy or 
imaging may be performed to corroborate the decrease of inflamma-
tory burden. In parallel, continued TDM may be relevant to confirm 
that the therapeutic window for the anti-TNF agent has been reached. 
Once the therapeutic window has been reached, if there is no response 
after treatment optimization, switching out of class should be con-
sidered. In patients who develop high-titer antibodies under induction 
therapy, a switch within class or to another mode of action should be 
considered.

•	 Delayed response. Delayed response is defined as response after the 
induction treatment window (Fig. 2C). This scenario is often char-
acterized by a disconnect between symptoms and biomarkers, where 
a reduction in symptoms during induction treatment is preceded by 
an improvement of biomarker levels. Delayed response requires the 
same therapeutic strategies and monitoring as primary response.

•	 Aggravation of clinical symptoms and inflammatory activity. Some 
patients may deteriorate during induction treatment. Assuming 

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa078#supplementary-data
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that TDM reveals therapeutic dose levels, one option in this case 
would be to discontinue anti-TNF treatment before completing a 
full induction course, as the patient may have non-TNF driven in-
flammation.132 Options for these patients include initiation of  an 
alternative drug with a different mechanism of  action, or in se-
vere cases, referral for surgical intervention. However, it must also 
be considered that TDM may be less useful in induction therapy. 
Because of  this, an additional option is to escalate the dose of  the 
initial drug and evaluate potential response.

•	 Non-response despite early improvement. Some patients display an 
initial brief  improvement in symptoms and/or biomarkers, which 
rapidly converts into a non-response during induction. These are 
typically patients with a high inflammatory burden in need of higher 
drug exposure. TDM and re-initiation of an intensified induction 
treatment schedule might be helpful, but early ADA formation 
should be excluded first. In those with high-titer ADAs, a switch to a 
different anti-TNF should be attempted first, as the initial response 
suggests potential for additional response with a different anti-TNF 
agent. If  a continued lack of response is observed, therapy with an 
agent with alternative mode of action should be considered.

Loss of remission/response to anti-TNF treatment during main-
tenance phase (secondary loss of remission/response).  Loss 
of response to anti-TNF agents is estimated to occur in ap-
proximately 13%–40% of patients per year.118 It is defined as 
worsening of symptoms and biomarkers after initial response 
to the induction treatment. Various approaches have been pro-
posed to identify loss of response. We suggest using sympto-
matic assessment (eg, increase of the PROs back to baseline 
values or HBI >2) substantiated by a 30%–50% rise in bio-
markers from the nadir. In case of a rise in biomarkers alone, 
the increase should be confirmed by a repeated test. In un-
clear situations, endoscopy and/or cross-sectional imaging/
transabdominal ultrasonography may be needed.

In patients with a symptomatic loss of response, the 
worsening of symptoms may not be directly related to the inflam-
matory component of CD (eg, fibrotic stricture or bile salt di-
arrhea after small bowel resection) or may have other non-CD 
causes (eg, irritable bowel syndrome). An infection can cause an 
increase in serum and fecal biomarker levels, in which case the 
peaks are often higher than during a CD flare. The diagnostic 
procedures to rule out other causes should be selected based on 
the appropriate guidelines and on the onset of symptoms, their 
dependency on food intake, the location of pain, associated com-
plaints such as bloating or nausea, history of travel, and exposure 
to infectious agents, amongst others (Fig. 2D).11

In the situation of new onset perianal disease, new fis-
tula formation, or increased activity of known perianal disease, 
abscesses should be drained and seton placement considered 
during examination under anesthesia after a pelvic MRI. 
Possibilities for definite closure of the fistula tract should be 
evaluated according to guidelines.11 TDM may be useful, as pe-
rianal disease reportedly requires higher target serum concen-
trations of infliximab.103

Patients with loss of response in symptoms and bio-
markers should follow the same management strategy as de-
scribed above for non-response.

In line with our recommendation during induction treat-
ment, response alone is not sufficient and the ideal long-term 
outcome should be remission.
Therapy monitoring in different scenarios.   Here, we summarize 
the schedule of therapy monitoring divided into induction and 
maintenance phases of treatment. In case of non-response or 
early loss of response during induction treatment, TDM is re-
commended to determine whether the drug serum concentra-
tion is below the therapeutic window (Table 1).

During maintenance treatment, a similar approach ap-
plies (Table 2). Over time, imaging will play a major role in di-
sease monitoring, and endoscopy will be required to confirm 
the absence of mucosal lesions or ulcers.

When therapy with an anti-TNF agent needs to be 
adapted, several options are available (Fig. 4): dose intensifica-
tion by changes in dose scheduling; re-induction treatment; dose 
escalation or dose reduction; addition of immunomodulators 
(azathioprine, mercaptopurine, or methotrexate); switch within 

TABLE 1.  Patient Monitoring During Induction Phase 
(up to 14 weeks)

Primary  
Response

Primary  
Non-
response

Loss of  
Remission/Response

HBI/PRO X X X
Biomarker X X X
Imaging  (X) (X)
TDM (X)a X X

aMay be useful in patients who respond to treatment but do not achieve full remission. 
(X) = optional.
Abbreviations: HBI, Harvey–Bradshaw Index; PRO, patient-reported outcome; 
TDM, therapeutic drug monitoring.

TABLE 2.  Patient Monitoring During Maintenance 
Phase (>14 weeks)

Remission Response
Loss of  
Remission/Response

HBI/PRO X X X
Biomarker X X X
Imaging (X)a X X
TDM (X) X X

aTo confirm remission, mucosal healing needs to be evaluated by endoscopy. 
(X) = optional.
Abbreviations: HBI, Harvey–Bradshaw Index; PRO, patient-reported outcome; 
TDM, therapeutic drug monitoring.
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class; switch to an agent with a different mode of action (out of 
class); or short-term induction treatment with steroids.

DISCUSSION AND CONCLUSIONS
Our manuscript aims to merge evidence and personal 

experience gathered over recent years on the optimization 
of  treatment with reference to anti-TNF agents infliximab 
and adalimumab and their biosimilar versions in patients 
with CD. The potential clinical scenarios patients may en-
counter during treatment with these medicines are manifold 
and complex. Therefore, we intend to contribute to con-
sistency and standardization in the treatment of  patients 
across and within institutions to improve patient outcomes. 
Similar standardization measures have resulted in improved 
outcomes in other areas, including sepsis, migraine, and 
cholecystitis surgery.133–135

An accumulating body of literature has investigated var-
ious optimization strategies in patients with CD treated with 
anti-TNF agents. A  clear benefit of combination treatment 
with infliximab and azathioprine over monotherapy was estab-
lished in the SONIC study, a benefit of early combined immu-
nosuppression was shown in the Randomised Evaluation of an 
Algorithm for Crohn’s Treatment (REACT) study, the value of 
a TDM-based monitoring strategy was suggested in the Trough 
Concentration Adapted Infliximab Treatment (TAXIT) study, 
and the CALM study displayed the superiority of a biomarker-
based tight monitoring strategy over symptomatic control.21, 

58, 136, 137 Many other studies that may provide further guidance 
on optimizing and personalizing treatment for patients with 
CD are underway. For example, the REACT2 study compares 
the step-up care algorithm that involves treatment escalation 
solely based on symptoms with an accelerated care algorithm 
that allows for early combined antimetabolite and adalimumab 
therapy and treatment intensification based on ileocolonoscopic 
findings.138 Expert opinion-based treatment algorithms are ur-
gently needed to contextualize the key learnings of the available 

findings and transform them into evidence that can help guide 
treatment decisions.

The treatment algorithms described here provide prac-
tical clinical guidance on an optimized management of patients 
treated with anti-TNF agents in situations ranging from rapid 
remission to early non-response. The choice of therapy should 
be based on individual patient profiles and personalized ben-
efit–risk assessment, with optimization throughout the course 
of treatment.

SUPPLEMENTARY DATA
Supplementary data is available at Inflammatory Bowel Dis-

eases online.
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