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Abstract: The management of patients with moderate to severe 

inflammatory bowel disease was transformed with the arrival of 

anti–tumor necrosis factor (TNF) therapy. Nevertheless, a consid-

erable number of patients do not respond to anti-TNF induction 

therapy (primary nonresponse) or lose response to treatment over 

time after initially experiencing clinical improvement (secondary 

loss of response). Studies suggest that these outcomes are often 

due to inadequate drug concentrations. Therapeutic drug monitor-

ing (TDM) is a practical tool that can be used to better define the 

etiologies of and help manage primary nonresponse or secondary 

loss of response. Proactive TDM, or drug titration to a target trough 

concentration, can improve the efficacy of anti-TNF treatment and 

lead to favorable clinical outcomes. However, in patients with 

adequate anti-TNF drug concentrations and active disease, alter-

nate pathways of inflammation (not driven by TNFa agents) are at 

play, and therapies with another mechanism of action should be 

employed.

Inflammatory bowel disease (IBD), comprising Crohn’s disease 
(CD) and ulcerative colitis (UC), is a chronic, progressive 
immune-mediated disease of the gastrointestinal tract. Inflam-

mation is a result of a dysregulated immune response that leads to 
a cascade of inflammatory cells and cytokines that have become the 
hallmark targets for therapies. The introduction of the first biologic 
agent directed against the cytokine anti–tumor necrosis factor (TNF) 
a 2 decades ago1 and agents since have revolutionized the treatment 
of IBD. Despite newer therapies, anti-TNF agents remain an impor-
tant part of the therapeutic armamentarium for first-line treatment 
of moderate to severe IBD.2,3 However, anti-TNF agents are not 
an effective therapy for a subset of patients with IBD who experi-
ence primary nonresponse (PNR). PNR to anti-TNF agents can be 
described as a lack of improvement in clinical signs or symptoms 
after the induction phase, leading to discontinuation of the medi-
cation. The incidence of PNR has been reported to occur in 10% 
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Pharmacokinetic Failure
Pharmacokinetic issues are related to undetectable or 
subtherapeutic drug concentrations due to either rapid 
nonimmune clearance or immunogenicity and the devel-
opment of ADAs. The ability of the monoclonal antibody 
to completely saturate the target antigen can affect both 
the clearance and half-life of the agent. At high doses, 
the monoclonal antibody is able to progressively saturate 
the target antigen, leading to an increased half-life and 
decreased clearance, while at low doses, the monoclonal 
antibody does not saturate the antigen, resulting in a 
shortened half-life and more rapid clearance.17 This 
concept appears to parallel what is observed in patients 
with a higher inflammatory burden marked by elevated 
C-reactive protein and TNF levels with insufficient 
circulating anti-TNF drug concentrations. Studies for 
certolizumab pegol,18 adalimumab,19 and in fliximab20,21 
have all shown that higher C-reactive protein levels 
(higher inflammatory burden) correlate with lower drug 
concentrations and worse outcomes. Another possible 
explanation for low anti-TNF drug concentrations in 
patients with severe disease is the loss of drug through 
an ulcerated gastrointestinal tract. In a small prospective 
study of 30 biologic-naive patients with moderate to 
severe UC treated with infliximab, 66% of stool samples 
at 2 weeks contained measurable concentrations of inflix-
imab, and patients who were nonresponders had higher 
measurable fecal concentrations of infliximab com-
pared to patients with clinical response (5.01 µg/mL vs  
0.54 µg/mL, respectively; P=.0047).22 Low circulating 
drug concentrations may also be the result of immune-
related clearance via the development of ADAs. These 
antibodies bind to the circulating drug, neutralize its 
effect, and ultimately lead to increased clearance. ADAs 
can develop early during the induction phase and 
significantly impact treatment success. A study involv-
ing 125 patients with IBD demonstrated that 90% of 
patients treated with infliximab who develop antibodies 
to infliximab (ATI) do so within the first 12 months of 
therapy, and ATI can be detected by as early as 2 weeks 
(interquartile range, 0.5-5.5 months).23 The presence of 
ATI of any value was significantly predictive of unde-
tectable drug concentrations; however, this correlation 
with undetectable drug concentrations was more robust 
for more than 8 mcg/mL-eq of ATI.23 Similarly, a pro-
spective study of 19 patients with moderate to severe 
UC who were treated with induction infliximab therapy 
showed that the development of ATI occurred by as 
early as 18 days (median, 28 days; interquartile range, 
18-42 days).24 The 7 patients who developed ATI had 
higher C-reactive protein levels and lower serum inflix-
imab concentrations, which were associated with PNR 
to treatment.24

to 40% of patients depending on disease type and trial 
design.4 In patients who initially respond to anti-TNF 
therapy, secondary loss of response (SLR) may prompt 
intensification or discontinuation of treatment in up to 
50% of patients after 12 months on therapy.5 SLR can 
be defined as worsening symptoms attributable to active 
IBD during maintenance therapy in a patient who previ-
ously had disease control after induction treatment. It is 
important to note that patients may also develop a serious 
adverse reaction to anti-TNF therapy that may include 
infection, dermatologic issues (eg, refractory psoriasis-like 
rash), and infusion- or injection-site reactions necessitat-
ing drug cessation.

Both PNR and SLR to anti-TNF agents can mainly 
be explained by pharmacokinetic issues related to 
un detectable or subtherapeutic drug concentrations with 
or without antidrug antibodies (ADAs). Therapeutic drug 
monitoring (TDM), defined as the evaluation of drug 
concentration and ADAs, can be performed to assess the 
etiology and management of PNR or SLR. Reactive TDM 
is commonly practiced when patients are not responding 
to or are flaring while on treatment to better rationalize 
management and determine if there will be a benefit from 
dose escalation vs an alternative treatment strategy. Pro-
active TDM is the practice of drug titration to a target 
trough concentration with the goal of optimizing circulat-
ing drug concentrations. Proactive TDM is emerging as an 
important tool to better optimize dosing with anti-TNF 
therapy during induction and maintenance, improve out-
comes, and avoid drug discontinuation. When patients 
are found to have adequate drug trough concentrations 
but do not respond to treatment, changing to a therapy 
with an alternate mechanism of action is warranted.

Primary Nonresponse

Anti-TNF agents approved for the treatment of moder-
ate to severe IBD include infliximab (indicated for CD 
and UC), adalimumab (indicated for CD and UC), 
golimumab (Simponi, Janssen; indicated for UC), and 
certolizumab pegol (Cimzia, UCB; indicated for CD). 
All agents have been shown to induce and maintain 
clinical remission, achieve mucosal healing, and improve 
quality of life. However, 10% to 40% of patients do not 
respond to treatment with anti-TNF therapy.4 Rates of 
PNR to anti-TNF therapy may vary based on definition 
and the design of the study (Table 1).6-16 Furthermore, 
some patients may exhibit only a partial response to initial 
therapy but fail to achieve remission (primary nonremis-
sion). The etiologies of PNR to anti-TNF agents are not 
clearly defined; however, mechanisms appear to be similar 
to those involved in SLR, including pharmacokinetic and 
pharmacodynamic issues.
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During induction, subtherapeutic concentrations of 
anti-TNF agents due to nonimmune clearance appear to 
be one of the greatest risk factors for PNR. Patients with 
CD who received induction dosing with adalimumab at 
160 mg followed by 80 mg vs those who received 80 mg 
followed by 40 mg had higher adalimumab serum con-
centrations at week 4 (11.6 vs 3.6 µg/mL, respectively), 
a higher rate of C-reactive protein normalization, and a 
lower incidence of PNR (odds ratio, 0.02; P<.001).25 A 
small prospective study of 32 patients with moderate to 
severe CD showed that higher drug concentrations of 
infliximab (n=15) or adalimumab (n=17) correlated with 
response during induction.26 After induction (week 14), 
the median trough concentration of anti-TNF agents was 
significantly higher in responders (infliximab, 5.6 µg/mL; 

adalimumab, 9.07 µg/mL) vs nonresponders (infliximab, 
0.032 µg/mL; adalimumab, 2.62 µg/mL; P<.01). Fur-
thermore, the positive predictive value of elevated trough 
concentrations (infliximab, >3 µg/mL; adalimumab, >4.5 
µg/mL) for predicting adequate response and remission 
after induction was greater than 90%.26 A small study of 
patients with moderate to severe UC found that primary 
nonresponders had a lower serum drug concentration 
at week 6 compared to responders (2.9 µg/mL vs 8.1  
µg/mL, respectively; P=.03).24 Most recently, a prospec-
tive, observational study on personalized anti-TNF ther-
apy evaluated factors associated with treatment failure in 
1610 CD patients either on infliximab or adalimumab.27 
The only factor that independently correlated with PNR 
was low drug concentration at week 14. Infliximab trough 

Table 1. Reported Rates of PNR to Anti-TNF Agents in Patients With Inflammatory Bowel Disease

Anti-TNF 
Agent Disease

Study 
Design

PNR, 
% Definition of Response

Infliximab CD RCT7 42 ≥70-point decrease in CDAI score from baseline and ≥25% reduction in the 
total score assessed at week 2 after a single infusion

UC RCT8 31 Decrease in Mayo score by ≥3 points and ≥30% from baseline, with an 
accompanying decrease in the rectal bleeding subscore by ≥1 point or an 
absolute rectal bleeding subscore of 0 or 1 assessed at week 8 after 3 doses

CD Cohort9 11 Symptom-free (complete response) or distinct clinical improvement with 
obvious decrease of disease activity (partial response) assessed within 10 
weeks

UC Cohort10 18 No clinical improvement based on Truelove and Witts scale by ≥1 category 
compared with disease severity at the start of infliximab therapy assessed 
after induction

Adalimumab CD RCT11 42 ≥70-point decrease in CDAI score from baseline assessed at week 4

UC RCT12 50 Decrease in Mayo score by ≥3 points and ≥30% from baseline, with an 
accompanying decrease in the rectal bleeding subscore by ≥1 point or an 
absolute rectal bleeding subscore of 0 or 1 assessed at week 8

CD Cohort13 18 Cessation of diarrhea and abdominal cramping and, in cases of patients with 
fistulae, cessation of fistula drainage and complete closure of all draining 
fistulae (complete response). Reduction in the amount of diarrhea and 
abdominal cramping and, in cases of patients with fistulae, a decrease in the 
drainage, size, or number of fistulae (partial response)

UC Cohort14 29 Decrease in Mayo score by ≥3 points and ≥30% from baseline, with an 
accompanying decrease in the rectal bleeding subscore by ≥1 point or an 
absolute rectal bleeding subscore of 0 or 1 assessed at week 12

Certolizumab 
pegol

CD RCT15 63 ≥100-point decrease in CDAI score with a baseline CRP level of ≥10 mg/L 
assessed at week 6

Golimumab UC RCT16 45 Decrease in Mayo score by ≥3 points and ≥30% from baseline (observed in 
the preceding induction study), with either a decrease in the rectal bleeding 
subscore by ≥1 point or a rectal bleeding subscore of 0 or 1

CD, Crohn’s disease; CDAI, Crohn’s Disease Activity Index; CRP, C-reactive protein; PNR, primary nonresponse; RCT, randomized, controlled 
trial; TNF, tumor necrosis factor; UC, ulcerative colitis.
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concentrations of at least 7 mg/L for infliximab and at 
least 12 mg/L for adalimumab were associated with clini-
cal remission at week 14.

Pharmacodynamic Failure
Pharmacodynamic issues may also explain PNR to anti-
TNF agents. In patients with ongoing inflammation 
despite adequate drug concentrations, the disease may 
be driven by a non-TNF–related inflammatory pathway. 
PNR due to pharmacodynamics in infliximab and adalim-
umab has been supported by evidence demonstrating 
altered transcriptional factors of inflammation. Leal and 
colleagues conducted an observational study on whole-
genome transcriptional analysis using intestinal biopsy 
specimens from patients with CD receiving (n=12) or not 
receiving (n=10) anti-TNF therapy.28 In order to exclude 
pharmacokinetics as a reason for PNR, patients with 
low drug concentrations of infliximab or adalimumab or 
detectable ADAs were excluded. Patients who responded 
to anti-TNF treatment had significant modulation in 
genes that included IL1B, S100A8, and CXCL1, while 
patients who did not respond had altered gene concentra-
tion expressions of IL1B and IL17A, suggesting these as 
potential alternative mediators driving refractory inflam-
mation.28

Risk Factors for Primary Nonresponse
Several patient and disease characteristics have been 
identified as risk factors for PNR (Table 2). Smoking has 
been shown to negatively influence the disease course for 
CD and lead to poor outcomes. Active smokers treated 
with infliximab have been shown to have lower rates of 
response and a shorter duration of treatment.29,30 Patients 

with a high body mass index also appear to have a lower 
response to anti-TNF agents. In a 2011 study assessing 
adalimumab dosing regimens for moderate to severe UC, 
patients who were given an induction dose of 160 mg fol-
lowed by 80 mg and who weighed 82 kg or greater were 
found to have significantly lower clinical remission rates 
at week 8 compared to patients who weighed less than 82 
kg (9.6% vs 24.0%, respectively).19 Similar results have 
been demonstrated for obese patients treated with inflix-
imab and found to have an increased clearance of drug,31 
as well as an earlier time to loss of response.32 Low serum 
albumin levels are associated with diminished response to 
infliximab.33 Duration of disease has been postulated to 
be an important factor dictating response to treatment, as 
it is felt that patients with shorter disease duration have 
less irreversible bowel damage and thus a higher response. 
In CD, post-hoc analyses from large clinical trials dem-
onstrated that a disease duration of less than 2 years had 
a higher rate of response to either certolizumab pegol or 
adalimumab than longer-standing disease.11,34 Location of 
disease also seems to be an important factor of response 
to treatment with anti-TNF agents in CD. Patients with 
isolated colonic CD appear to have a better response to 
infliximab,35 whereas isolated small bowel or upper gas-
trointestinal involvement may confer an increased risk of 
PNR.36

Secondary Loss of Response

SLR clinically presents when a patient who was in remis-
sion on treatment develops symptoms that are proven 
to be attributable to active IBD. A meta-analysis of 
39 adalimumab studies37 and a systemic review of 16 
infliximab studies38 found that the annual risk for SLR 
was 20.3% and 13.0% per patient year, respectively. In 
order to diagnose SLR, practitioners must first objectively 
document increased disease activity attributable to IBD 
with biomarkers (eg, fecal calprotectin, C-reactive pro-
tein), endoscopy, and/or imaging. Other disorders that 
can mimic symptoms of active IBD, such as infections 
(eg, Clostridium difficile), fibrostenotic strictures, irritable 
bowel syndrome, bile-salt diarrhea, and small intestinal 
bacterial overgrowth, should be ruled out. A retrospec-
tive study of 150 patients with IBD found that 62% 
of patients who were reporting clinical symptoms with 
therapeutic infliximab concentrations had no evidence of 
active inflammation by endoscopic or radiographic assess-
ment at that time.39 Thus, any change in IBD treatment 
would have not been indicated. Once active IBD is con-
firmed, assessment of drug concentrations and antibody 
levels is appropriate for explaining and managing SLR. 
Reactive TDM is currently the recommended standard 
of care for optimizing anti-TNF therapy in IBD patients 

Table 2. Risk Factors for PNR to Anti-TNF Therapy

Etiology Risk for PNR to Anti-TNF Therapy

Drug-related 
factors

Low drug concentrations (pharmacoki-
netics): nonimmune clearance, immu-
nogenicity (development of antidrug 
antibodies)

Adequate drug concentrations (pharma-
codynamics): mechanistic failure

Patient-related 
factors

Smoking, obesity

Disease-related 
factors

Longstanding disease (>2 years), isolated 
small bowel disease, upper gastroin-
testinal involvement, severe intestinal 
inflammation, hypoalbuminemia

PNR, primary nonresponse; TNF, tumor necrosis factor.
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with SLR.40 Reactive TDM has been shown to be more 
cost-effective and to better direct care than empiric treat-
ment optimization.41

SLR is most often due to inadequate drug concen-
trations with or without ADAs. Most patients with SLR 
(approximately 70%) have subtherapeutic drug trough 
concentrations, and roughly half of this patient popula-
tion has no detectable ADAs, while approximately 30% 
of patients go on to develop SLR due to mechanistic 
failure.42 Numerous studies have shown that lower drug 
concentrations and ADAs are associated with worse clini-
cal outcomes, including SLR.43-45 A prospective, obser-
vational study by Kennedy and colleagues demonstrated 
that treatment-naive patients with CD who were treated 
with either infliximab or adalimumab and had suboptimal 
drug concentrations at week 14 (<7 mg/L for infliximab 
and <12 mg/L for adalimumab) were at a high risk for 
immunogenicity and the development of ADAs, which 
subsequently led to lower drug concentrations and worse 
outcomes at week 54.27

Reactive TDM can be used to help determine the next 
best step for patients with SLR. If SLR is due to low or 
undetectable drug concentrations with no ADAs, the dose 
of the drug should be increased. High ADA and undetect-
able drug concentrations cannot be overcome by increas-
ing the dose of the drug, and a switch to another anti-
TNF agent or to a medication with a different mechanism 
should be considered. It is important to note that patients 
who develop ADAs to an anti-TNF agent are more likely 
to develop ADAs to a second anti-TNF agent.46 In such 
a case, the addition of an immunomodulator or proactive 
TDM should be considered. However, not all ADAs are 
neutralizing, and some may be transient in nature and 
have no clinical significance. In a small cohort study of 
125 IBD patients treated with infliximab, 26% of patients 
developed transient ATI that were no longer detectable 
within 2 consecutive infusions and were not associated 
with any need for change in therapy.23 In patients with 
persistent low-titer ADAs (eg, ATI <10 U/mL for the 
homogeneous mobility-shift assay and <200 ng/mL for 
the second-generation enzyme-linked immunosorbent 
assays), these antibodies may be nonneutralizing and have 
no lasting impact, or further optimization of the original 
anti-TNF agent can overcome the ADAs.43,47,48 A recent 
TDM guideline49 recommends that in patients with 
SLR, infliximab or adalimumab generally should not be 
abandoned unless drug concentrations are more than 10 
µg/mL. The Building Research in IBD Globally alliance 
developed a biologic therapy optimizer and published 
recommendations that could help clinicians with the 
appropriate utilization of TDM in various IBD clinical 
scenarios.50 The most efficient mode of dose optimization, 
whether shortening the interval or  increasing the dose, is 

not clear. Shortening the interval may result in an overall 
higher maintained drug concentration,31 whereas some 
evidence suggests that increasing the dose may allow for 
higher peak concentrations of the drug to be achieved that 
may be more mechanistically important than prolonged 
nonpeaking concentrations.51

Proactive Therapeutic Drug Monitoring

Clinically, it makes more sense to optimize therapy 
before immunogenicity and/or loss of response develop 
rather than wait for these outcomes to occur. Proactive 
TDM is emerging as an important tool for optimizing 
biologic therapies, particularly the anti-TNF therapies. 
The concept of proactive TDM is to preemptively mea-
sure drug trough concentrations and dose to a target 
therapeutic concentration when patients are in clinical 
response or remission. The goal is to avoid subtherapeutic 
drug concentrations and the development of ADAs and, 
thus, improve short- and long-term outcomes. Low drug 
concentrations are typically the culprit in clinical loss of 
response regardless of ADA status, and lower or undetect-
able drug concentrations are associated with treatment 
failure and drug discontinuation.52 Ensuring adequate 
drug concentrations seems to be of utmost importance 
in both the induction phase to prevent PNR as well as 
the maintenance phase to avoid SLR. A prospective study 
on anti-TNF therapy for biologic-naive patients with CD 
investigated pharmacokinetic factors that predicted PNR 
at week 14 and primary nonremission at week 54. The 
study demonstrated that adequate drug concentrations 
at week 14 (>7 mg/L for infliximab and >12 mg/L for 
adalimumab) were associated with clinical remission and 
a decreased chance for the development of ADAs and 
predicted better long-term outcomes.27

Numerous studies have shown an exposure–response 
relationship, suggesting a positive correlation between 
elevated serum anti-TNF concentrations and favorable 
therapeutic outcomes.53-58 It remains unclear whether 
higher drug concentrations are needed to achieve mucosal 
healing or if the mucosal healing itself is associated with 
higher drug concentrations secondary to decreased disease 
activity, drug clearance, and/or fecal loss.48 Furthermore, a 
large multicenter, retrospective study evaluating outcomes 
among patients with IBD who had received proactive vs 
reactive TDM found that proactive TDM led to less treat-
ment failure and ATI and fewer IBD-related  surgeries, 
hospitalizations, and serious infusion reactions.59 An 
observational study of 126 patients with IBD with a 
median follow-up of 3.4 years showed that patients who 
were dose-optimized proactively to a therapeutic window 
of 5 to 10 µg/mL had markedly improved persistence 
on infliximab when compared with the standard-of-care 
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control group that underwent reactive TDM or empiric 
dose escalation.60 Proactive TDM was also found to be 
beneficial in patients who previously underwent reactive 
TDM when compared to patients who had reactive TDM 
alone.61 A landmark prospective, randomized, controlled 
trial by Vande Casteele and colleagues looked at the 
potential benefits of proactive TDM.62 Patients included 
in the study were all optimized to an infliximab trough 
concentration of 3 to 7 µg/mL and then randomized 
to either infliximab dosing based on clinical symptoms, 
C-reactive protein, or continued proactive TDM dosing 
based on trough concentrations.62 The primary endpoint 
of clinical remission at 1 year was not significantly dif-
ferent between the groups; however, the proactive TDM 
group had less undetectable drug concentrations, disease 
relapse, and need for IBD-related surgery or hospitaliza-
tion compared with the clinically based dosing group. 
Furthermore, 1-time dose optimization in patients with 
low drug concentrations led to improved remission rates 
and C-reactive protein. Recently, Assa and colleagues 
investigated outcomes in biologic-naive children with CD 
who responded to adalimumab and were then random-
ized to either proactive or reactive treatment strategies.63 
The primary endpoint, sustained corticosteroid-free clini-
cal remission, was significantly higher in the proactive 
TDM group compared to the reactive TDM group (82% 
vs 48%; P=.002). Secondary outcomes were also higher 
in the proactive TDM group (C-reactive protein, ≤0.5 
mg/ dL; Pediatric Crohn’s Disease Activity Index, <10; 
and fecal calprotectin, ≤150 µg/g).

Less data are available on the role of proactive TDM 
during the induction phase even though this is likely 
where its use is most important, as the inflammatory 
burden is highest and thus drug clearance is greater, 

predisposing patients to low drug concentrations and 
the development of immunogenicity (Table 3). In both 
UC and CD, higher concentrations of anti-TNF drugs 
during and early after induction phase are associated with 
both short- and long-term therapeutic outcomes.55,64-67 
A retrospective study of 285 patients with refractory 
UC treated with infliximab showed that postinduction 
(week 14) median infliximab serum concentrations were 
higher in patients with C-reactive protein normalization 
(6.27 vs 2.02 µg/mL; P<.001), clinical response (5.96 
vs 2.20 µg/mL; P<.001), and short-term mucosal heal-
ing (5.96 vs 1.74 µg/L; P<.001) compared to patients 
without these outcomes.68 Higher induction infliximab 
concentrations at week 2 (>21.3 µg/mL) and at week 6 
(>22.0 µg/mL) in patients with UC have also been associ-
ated with short-term clinical remission and response.69,70 
Similarly, in an observational study in patients with CD 
who previously failed to respond to infliximab and were 
treated with adalimumab, patients who then discontin-
ued adalimumab had lower concentrations at week 2 (6.5 
vs 10.4 µg/mL; P=.02) and week 4 (2.5 vs 5.9 µg/mL; 
P=.012) compared to patients who continued through 
maintenance therapy.25 The current barriers to TDM in 
clinical practice include time lag from serum sampling 
to test results, appropriate interpretation of the results, 
clear therapeutic thresholds, insurance coverage, and the 
potential out-of-pocket cost to the patient.

Utility of Novel Therapies in Anti–Tumor 
Necrosis Factor–Refractory Patients

Medications that have recently been approved by the 
US Food and Drug Administration for IBD include 
ustekinumab (Stelara, Janssen), an inhibitor of interleukin 

Table 3. Proactive TDM Drug Concentration Targets for Anti-TNF Agents After Induction and During Maintenance That Are 
Associated With Improved Outcomes

Anti-TNF Agent (Disease[s])
Postinduction Drug Trough  
Concentration Targeta

Maintenance Drug Trough  
Concentration Targeta

Infliximab (CD/UC) Week 14
≥3-7 µg/mL ≥3-7 µg/mL

Adalimumab (CD/UC) Week 4
≥5-10 µg/mL ≥5-10 µg/mL

Certolizumab pegol (CD) Week 6
≥32 µg/mL ≥15 µg/mL

Golimumab (UC) Week 6
≥2.5-7.5 µg/mL ≥1.0-3.2 µg/mL

CD, Crohn’s disease; TDM, therapeutic drug monitoring; TNF, tumor necrosis factor; UC, ulcerative colitis.
aThe upper limit of the range refers to drug concentration thresholds associated with more stringent therapeutic outcomes, such as mucosal healing.
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(IL) 12/23 indicated for both CD and UC71; vedolizumab 
(Entyvio, Takeda), an anti-a4β7 integrin indicated for 
both CD and UC; and tofacitinib (Xeljanz, Pfizer), an 
inhibitor of Janus kinase (JAK) and signal transducer and 
activator of transcription proteins indicated for UC. These 
newer therapeutic agents provide options for patients 
who have not achieved adequate response with anti-TNF 
agents despite adequate drug concentrations, and can also 
be used as potential first-line treatments. However, these 
drugs do not appear to work as well in patients who have 
already failed anti-TNF therapy. Management remains 
empiric, as currently there are no clinical recommenda-
tions and/or guidelines on how to manage IBD patients 
with PNR to anti-TNF therapy as well as which agent 
to move on to when patients have a mechanistic SLR. 
Some evidence has shown that PNR to anti-TNF therapy 
is associated with an inferior response to second-line 
non-TNF biologic agents compared with patients who 
discontinued therapy due to SLR or intolerance.72 Recent 
work has focused on attempts to strategize and position 
these biologic agents and novel small molecules with the 
highest chance of efficacy for patients without prior treat-
ment exposure. In a network meta-analysis for biologic-
naive patients with moderate to severe CD, infliximab 
and adalimumab were ranked highest for induction and 
maintenance of remission.73 Similarly, in a network meta-
analysis for biologic-naive patients with UC, infliximab 
and vedolizumab ranked highest for induction of clinical 
remission.74 Tofacitinib ranked highest for induction of 
clinical remission in patients with UC and prior anti-TNF 
exposure, although vedolizumab came in higher for safety. 
Limitations have recently been applied to tofacitinib use 
in patients with UC due to an increased risk for pulmo-
nary emboli and death with twice-daily 10-mg dosing 
demonstrated in a postmarketing study in patients with 
rheumatoid arthritis.75 Tofacitinib is now recommended 
for moderate to severe UC patients who have failed or are 
intolerant of anti-TNF therapy.

Recent clinical trials have included patients who 
previously failed anti-TNF therapies in addition to 
anti-TNF–naive patients. Patients previously exposed 
to anti-TNF therapy generally do not respond as well 
to the newer agents as do biologic-naive patients. In the 
GEMINI 1 trial of vedolizumab, over 40% of patients 
with UC were prior TNF failures.76 Response rates at 
week 6 for vedolizumab vs placebo were 47% vs 25% 
(P<.001). However, a post-hoc analysis revealed that the 
rates of response at week 6 were 53% for patients naive 
to anti-TNF therapy and 39% for patients with prior 
anti-TNF failure.77 The VICTORY Consortium looked 
at real-world experience of vedolizumab for UC and 
demonstrated on multivariable analysis that prior expo-
sure to anti-TNF therapy was associated with a reduced 

probability of achieving both clinical and endoscopic 
remission.78 In the GEMINI 2 study of vedolizumab in 
patients with CD, almost half of the cohort consisted of 
patients who had previously failed anti-TNF therapy. 
Week 6 clinical remission for vedolizumab vs placebo was 
14.5% vs 6.8% (P=.02).79 However, CD patients who 
had failed anti-TNF therapy had a rate of remission at 
week 6 of 15% compared to 12% of patients who were 
treated with placebo (P=.433).80 The UNITI-1 trial,81 
which evaluated patients with CD and included a large 
number of patients with prior anti-TNF failure, had a 
week 6 response of 34.3% and 33.7% for patients treated 
with 130 mg or 6 mg/kg of ustekinumab, respectively, vs 
21.5% for the placebo group. In UNITI-2, in which the 
majority of patients were naive to treatment, response to 
treatment was 52.7% and 55.0% for ustekinumab dos-
ing of 130 mg or 6 mg/kg, respectively, vs 23.0% for 
placebo.81

For patients who fail multiple agents and classes, 
there are several late-stage studies underway looking at 
agents targeting alternate pathways of inflammation. 
These mechanisms include several selective adhesion 
molecule inhibitors, IL-23 inhibitors, JAK inhibitors, 
and sphingomyelinase modulators. Etrolizumab, a novel 
integrin inhibitor agent that is being tested for UC, 
specifically targets the β7 unit. This drug also may be 
able to predict which patients with UC would benefit 
the most by identifying certain messenger RNAs in the 
colon that predict response.82 Risankizumab targets spe-
cifically the p19 subunit of IL-23 and showed a higher 
rate of clinical remission vs placebo at week 12 (31% vs 
15%; P=.049) for patients with CD.83 Brazikumab has 
the same p19 target and has been shown to have a higher 
rate of clinical response in patients with CD at week 8 
than placebo (49.2% vs 26.7%; P=.010).84 The small 
molecule agents upadacitinib and filgotinib, both JAK1 
inhibitors, have shown promising results for patients 
with moderate to severely active CD.85 Ozanimod is a 
small molecule being investigated in moderate to severe 
UC that modulates sphingosine-1-phosphate receptor 
and sphingosine-1-phosphate receptor 5 and reduces 
circulating lymphocytes and migration to the gastroin-
testinal tract.86 It has been shown to have a higher rate of 
clinical remission at week 8 compared to placebo (16% 
vs 6%; P=.048).86 With the growing number of available 
agents for IBD, it will be important moving forward 
for comparative effectiveness research to define optimal 
treatment strategies. The recent VARSITY trial evaluated 
the efficacy of vedolizumab intravenous to adalimumab 
subcutaneous in patients with UC head to head. Vedoliz-
umab was found to be superior to adalimumab based 
on the primary endpoint, clinical remission at week 52 
(31.3% vs 22.5%; P=.0061).87
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Summary

Although the treatment options for IBD have greatly 
expanded, there remains a limited number of biologic 
agents approved for the treatment of IBD. Practitioners 
are charged with the task of positioning these agents cor-
rectly early on in moderate to severe disease to induce 
and maintain remission and to hopefully prevent further 
mucosal damage. Anti-TNF therapies remain at the 
forefront of treatment of both UC and CD. Neverthe-
less, up to 30% of patients treated with anti-TNF agents 
will show no clinical improvement (PNR), and up to 
50% of patients who do respond will require a change 
in dose or cessation of medication (SLR). It is impera-
tive to objectively confirm active IBD and rule out other 
etiologies for loss of response that may mimic a flare of 
IBD when considering both PNR and SLR. Higher drug 
concentrations of anti-TNF agents have been shown to 
lead to higher rates of favorable outcomes, while low drug 
concentrations and ADAs are associated with both PNR 
and SLR. Reactive TDM can rationalize reasons for PNR 
and SLR and facilitate therapeutic decision-making. Cur-
rent data demonstrate that patients who fail anti-TNF 
therapies do not respond as well to subsequent agents, 
and, therefore, optimization of biologic therapies is of 
utmost importance. Proactive TDM and optimization 
of drug concentrations are evolving as important tools to 
improve outcomes in IBD.
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