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Chapter 10
Tricks of the Trade: Treating Your Patient 
with Moderate-to-Severe IBD

Rahul S. Dalal, Jan-Michael Klapproth, and Gary R. Lichtenstein

�When Treating Patients with IBD Who Have Active 
Symptoms, Document the Presence of Active Disease

Appropriate management of inflammatory bowel disease (IBD) first requires objec-
tive evidence of active inflammation. Symptoms may suggest disease activity but 
are usually nonspecific. Diarrhea and abdominal discomfort, two of the most com-
mon symptoms in patients with active Crohn’s disease (CD) and ulcerative colitis 
(UC), are not specific for IBD but may overlap with typical presentations of numer-
ous other gastrointestinal disorders including lactose deficiency, irritable bowel syn-
drome, celiac disease, CMV colitis, Clostridium difficile colitis, and infections from 
enteric pathogens. Excluding alternative etiologies and confirmation of active IBD 
require laboratory evaluation and objective documentation of appropriately active 
disease findings on upper endoscopy, colonoscopy, and small bowel imaging.

Demonstration that a patient has objective evidence of inflammation in their 
bowel has important implications for predicting therapeutic response, as high-
lighted by the Study of Biologic and Immunomodulator Naïve Patients in Crohn’s 
Disease (SONIC) study group [1]. The SONIC trial was a randomized, double-blind 
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trial that evaluated the efficacy of infliximab monotherapy, azathioprine (AZA) 
monotherapy, or the two drugs combined in immunomodulator-naïve patients with 
moderate-to-severe Crohn’s disease. Patients were eligible based on age and their 
Crohn’s Disease Activity Index (CDAI), which utilizes subjective criteria such as 
patient-reported stool counts and symptoms [2]. Ileocolonoscopy was performed at 
baseline and again at 26 weeks for those patients found to have mucosal ulcers. The 
primary endpoint was the rate of corticosteroid-free clinical remission, which was 
defined by a CDAI score of less than 150 and no administration of systemic corti-
costeroids for 3  weeks. While the study concluded that therapy with infliximab 
resulted in significantly higher rates of corticosteroid-free clinical remission than 
AZA monotherapy, a post hoc analysis found that patients with elevated C-reactive 
protein (CRP), mucosal lesions, or a combination of both at baseline endoscopy had 
the best clinical response. Furthermore, there was no significant difference in the 
three therapy groups for subjects without these findings, suggesting that patients 
without objective evidence of mucosal inflammation are less likely to respond to 
immunomodulatory therapies.

After active disease is endoscopically confirmed, disease activity should be 
followed. The costs of invasive monitoring and the once prevailing view that clinical 
response is more relevant than endoscopic findings led to the development of 
several  clinical disease activity indices. The CDAI, mentioned previously, is the 
most broadly utilized index in clinical trials of CD.  It correlates the physician’s 
evaluation of clinical status to eight variables, including hematocrit, body weight, 
extraintestinal manifestations, need for antidiarrheal medication, presence of an 
abdominal mass, general well-being, abdominal pain severity, and liquid stool 
counts [2]. The calculation requires a 7-day diary of patient-reported symptoms, 
and the final score relates to the severity of disease activity. However, the CDAI has 
been shown to be poorly correlated to endoscopic disease activity and is plagued by 
subjectivity and patient recall bias [3]. The ACCENT I trial, which evaluated inflix-
imab as a long-term treatment regimen in Crohn’s, showed that at 10 weeks, only 
36% of patients with confirmed mucosal healing (MH) were in remission as calcu-
lated by the CDAI [4]. Conversely, 40% of those in clinical remission per the CDAI 
did not demonstrate endoscopic remission. The Harvey Bradshaw Index (HBI) is a 
simplification of the CDAI, using only five of its eight independent variables and no 
laboratory data [5]. While lauded for its simplicity relative to the CDAI, it too 
correlates poorly with the severity of endoscopic disease [6, 7]. The CDAI, although 
used in clinical trials in the past, has been cumbersome and not well accepted for 
use in clinical practice.

Recognizing the limitations of scoring systems that omit endoscopic assess-
ment in CD, the French GETAID group developed the Crohn’s Disease Endoscopic 
Index of Severity (CDEIS) [8]. The group evaluated the importance of mucosal 
lesions and the percentage involvement of the colon. The resulting CDEIS incor-
porates superficial and deep ulcerations, lesion surface area, and the number of 
colonic segments involved. The index was found to have relatively minimal 
interobserver variability, and lesion surface area assessment measured on a 
visual  analog scale was highly reproducible. The tool is frequently used as an 
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endoscopic severity index in clinical trials. However, it requires careful training 
and is too difficult and cumbersome to employ clinically.

Fortunately in 2004, Daperno and coworkers proposed the Simplified Endoscopic 
Severity Index for Crohn’s Disease (SES-CD) [9]. The SES-CD evaluates the size 
and penetration of ulcerations and also has strong interobserver agreement. 
Additionally, it is well correlated with the CDEIS, but does not require such precise 
measurements of lesion surface area [10]. Therefore, for routine clinical practice, 
the SES-CD may be the endoscopic index of choice to follow disease activity in 
CD. The SES-CD however is not a useful index for patients who have undergone 
ileocecal resection when assessing their risk for disease recurrence postoperatively.

In Crohn’s patients who have undergone ileocecal resection, the Rutgeerts endo-
scopic score, which incorporates endoscopic lesions in the neoterminal ileum, is 
routinely used in randomized controlled trials (RCTs) and is the clinician’s gold 
standard assessment tool for postoperative recurrence [11]. It grades the mucosa of 
the distal ileum from a range of i0 (no lesions) to i4 (diffuse inflammation with 
nodules, large ulcers, and/or narrowing). Patients with a score of i3 or i4 within 
12 months of ileocecal resection have a higher rate of disease recurrence and more 
aggressive disease course than those with lesions of lesser severity. Therefore, 
patients should undergo ileocolonoscopy within 6–12  months after resection for 
risk stratification and to determine the need for additional therapy.

In UC, several indices have been developed to assess disease activity, many of 
which incorporate endoscopic evaluation. The role of endoscopic findings in UC 
has been appreciated for decades, and Truelove and Witts developed the first endo-
scopic score to evaluate UC activity in 1955 [12]. Today, the Mayo score prevails in 
clinical trials to describe disease activity [13]. It incorporates stool frequency, rectal 
bleeding, physician global assessment, and flexible sigmoidoscopy findings, known 
as the Mayo endoscopic subscore. This score ranges from 0 to 3. A score of 0 
represents normal mucosa, 1 represents mild disease and friability, 2 represents 
moderate disease and market erythema and friability, and 3 represents severe disease 
with diffuse ulcerations and spontaneous bleeding. The main challenges with this 
scoring system however are the overlap between scores, particularly 1 and 2, the 
inability to discriminate superficial from deep ulcerations, and the evaluation of 
only the most severely affected mucosa with no consideration of disease extension. 
Additionally, interobserver agreement was recently found to be modest [14].

To address the need for increased interobserver agreement, the Ulcerative Colitis 
Endoscopic Index of Severity (UCEIS) was developed in 2012 [15]. The UCEIS is a 
validated index for UC endoscopic severity that incorporates a more detailed descrip-
tion of mucosal inflammation than the Mayo subscore. It is therefore felt to be more 
clinically useful by reducing variability between observers, though an improvement 
in interobserver agreement has yet to be established (see Table 10.1) [16].

More recently, Lobaton and colleagues recalculated and expanded the Mayo 
endoscopic subscore to include the evaluation of disease extension as the Modified 
Mayo Endoscopic Score (MMES) [17]. They multiplied the sum of Mayo scores 
in  five colonic segments by the total extension of inflammation and divided the 
product by the number of actively inflamed segments (Mayo subscore >0). The 
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MMES was shown to correlate significantly with fecal calprotectin (FC; r = 0.73) 
and clinical index (r = 0.54). It has potential for use in both clinical practice and 
research but will require further validation in clinical trials. A summary of the most 
commonly used clinical and endoscopic disease activity indices in IBD can be found 
in Table 10.1.

�Employ a “Treat-to-Target” Strategy in Clinical Practice

With confirmation of disease activity, every gastroenterologist should identify a 
treatment target and a strategy to reach it. Management of rheumatoid arthritis 
(RA), another chronic disease characterized by ongoing inflammation, exemplifies 
the benefits of a treat-to-target approach. Newer biologic therapies including tumor 
necrosis factor (TNF) antagonists have allowed clinicians to achieve lower levels of 
disease activity in RA than ever before. The advent of feasible disease remission 
has  prompted trials of drug combinations of TNF antagonists with older agents 
like methotrexate and newer approaches such as early therapy that have sought to 
suppress inflammation to the greatest degree [18]. This reflects a treat-to-target 
strategy that relies on regular assessment of disease activity and subsequent 
adjustments to the therapeutic plan to reduce disease activity further.

In RA, specific treatment targets such as the Disease Activity Score (DAS) rely 
on patient-reported outcomes as well as objective data. The traditional targets of 
therapy in IBD have similarly centered on patient symptoms, but it is now known 
that the correlation between symptoms and mucosal inflammation is poor. Patients 
may have no symptoms with the presence of active histological disease and vice 
versa [7, 19]. Consequently, a symptom-based treatment strategy undertreats a sig-
nificant proportion of patients and predisposes many to the detriments of ongoing 
inflammation, including disease progression and dysplasia.

There is growing evidence that targeting mucosal healing (MH) in IBD leads to 
more favorable outcomes such as sustained remission and reduced rate of steroid 
use, hospitalization, and surgery [20–22]. MH is evaluated by endoscopy and is 
typically defined by the absence of mucosal ulceration. A Scandinavian prospective 
cohort study first established the importance of MH in 2007 [19]. Over 5 years, 227 
CD patients were evaluated, and 141 were reevaluated by endoscopy up to 2 years 
after diagnosis. Of these, 38% demonstrated MH. After a 5-year follow-up period, 
the presence of MH was associated with significantly less endoscopic inflammation 
and steroid use. In a follow-up study of the step-up/top-down trial by D’Haens et al. 
[23], MH was defined as a SES-CD of 0 [22]. Patients that achieved this score 
2 years into the trial had significantly more steroid-free remission at years 3 and 4.

The benefits of MH are similarly represented in UC.  In the prospective 
Inflammatory Bowel South-Eastern Norway (IBSEN) study, about 50% of UC 
patients had MH 1 year after diagnosis [20]. Subsequent colectomy rates were sig-
nificantly lower when compared to patients without MH. Additionally, the time to 
MH appears to have prognostic significance. Ferrante and colleagues conducted a 
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single-center cohort of UC patients treated with infliximab, where early MH 
negatively predicted colectomy [24]. Patients with early MH, defined by a Mayo 
endoscopic subscore of 0 or 1 at week 4 or 10 after infliximab initiation, had a 
significantly lower 5-year colectomy rate. Post hoc analysis of the Active Ulcerative 
Colitis (ACT) trials similarly showed that patients with a Mayo endoscopic subscore 
of 0 or 1 at 8 weeks had significantly lower colectomy rates after 1 year [25].

While the above studies underscore the utility of MH as a therapeutic target, 
several drawbacks exist. Most obvious is the lack of a universal definition for MH 
and the variability in its interpretation. In clinical trials, MH was typically defined 
using various endoscopic scoring systems including the Mayo endoscopic sub-
score (for patients with UC) and the SES-CD (or patients with CD); however, these 
indices were created only for the purpose of describing and quantifying disease 
severity, not for establishing disease remission. Additionally, using MH exclu-
sively ignores important aspects of the disease in UC and CD that are not identified 
endoscopically. Healed mucosa seen only macroscopically in UC may harbor 
active histological disease and inflammation, which predisposes these patients 
to  dysplasia and malignancy [26]. Similarly, CD often involves extracolonic 
segments that are not easily accessed (i.e., small intestinal disease), and exclusive 
attention to mucosal ulceration ignores the transmural disease that may be appreci-
ated only by MR enterography. Also, from a practical perspective, patients may not 
be amenable to routine invasive monitoring, particularly when their symptoms 
are well controlled.

Reasonable alternates to invasive strategies include biomarkers of disease 
activity, such as the fecal calprotectin (FC) and C-reactive protein (CRP). 
Calprotectin is found primarily in neutrophils, and when the bowel is inflamed, 
neutrophil infiltration rises and the cells are then shed into the feces [27]. Therefore, 
the FC can reflect the severity of inflammation in IBD [28]. Multiple studies have 
shown the association between FC and both endoscopic and microscopic bowel 
inflammation [29–31]. A prospective study by Guidi et al. demonstrated that FC also 
has predictive functions in active IBD and can fulfill a noninvasive treat-to-target 
strategy [32]. They enrolled 63 IBD patients who received anti-TNF induction ther-
apy. An FC ≤ 121 μg/g after therapy predicted mucosal healing, which occurred in 
22% of patients, with a negative predictive value (NPV) of 90%. In UC patients with 
colonoscopic evidence of mucosal healing (defined by Mayo endoscopic subscore 
of 0 or 1), FC has been shown to correlate with active histological inflammation. 
Patients with histologically active disease had a significantly higher median FC (278 
vs. 68 μg/g, p = 0.002) than patients with normal microscopic findings [33].

To facilitate a treat-to-target strategy, after remission in UC is achieved, FC can 
be used to modify therapy before clinical relapse ensues. After total colectomy and 
creation of an ileal pouch anal anastomosis (IPAA), FC has been significantly ele-
vated 2 months before the clinical onset of pouchitis [34]. Additionally, DeVos and 
colleagues demonstrated that two consecutive FC >300 μg/g 1 month apart in UC 
patients treated with infliximab predicted relapse with 61.5% sensitivity and 100% 
specificity [35]. In a study by Falvey et al., the investigators sought to identify a 
relationship between biomarkers and endoscopic inflammation to establish potential 
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thresholds for IBD disease activity. Endoscopically active disease was assessed in 
81 UC patients who submitted stool samples for FC just prior to their bowel prep 
[36]. Receiver operating curve (ROC) analysis determined that FC  >  125  μg/g 
predicted endoscopic activity with 74% sensitivity and 80% specificity. 
Unfortunately, no threshold could be calculated to predict endoscopic remission.

Similar success for FC has been documented in CD. FC predicted endoscopic 
relapse after ileocecal resection in a post hoc analysis of the Post-Operative Crohn’s 
Endoscopic Recurrence (POCER) trial [37]. Levels of FC were measured in 135 
patients and decreased from 1347 to 166 μg/g 6 months after surgery and was sig-
nificantly elevated (275 vs. 72 μg/g) in patients with endoscopic evidence of relapse 
(defined by Rutgeerts score ≥2) compared to those in remission. FC > 100 μg/g 
predicted endoscopic recurrence with 89% sensitivity, 59% specificity, and an NPV 
of 91%. Conversely, FC < 51 μg/g in patients with remission at 6 months predicted 
sustained remission with an NPV of 79%. Falvey and coworkers also assessed FC 
thresholds in CD and determined that FC > 125 μg/g predicted endoscopic inflam-
mation with a sensitivity and specificity of 71% each [36]. But similar to the study’s 
results in UC, no threshold could reliably predict mucosal healing. Larger-scale 
studies are desired to establish universal FC thresholds in CD and UC to predict 
both endoscopically active disease and mucosal healing. However, given that FC is 
often normal in patients with confirmed active disease, endoscopy will likely remain 
the clinician’s test of choice to document mucosal healing. The use of FC in a 
treat-to-target strategy should not replace endoscopic evaluation.

While the CRP has also been associated with endoscopically active IBD, 
interpatient variability has precluded the establishment of universal thresholds for 
clinicians to target and adjust therapy [36, 38]. However, the CRP has some utility 
in predicting disease severity and morbidity. In a prospective UC cohort, elevated 
CRP was significantly associated with hospitalization [39]. Crohn’s patients with 
“silent disease,” or those with clinical remission but elevated CRP, had significantly 
more hospitalizations than those in remission with normal CRP levels [40]. 
Additionally, a Hungarian cohort study found that elevated high-sensitivity CRP 
was associated with relapse after 3 and 12  months in CD patients previously in 
remission [41]. Evidence also suggests that normalized CRP levels are associated 
with a favorable disease course. CRP  <  10  mg/L 12  weeks after therapy with 
adalimumab was associated with endoscopic remission after 1 year in a multicenter 
Crohn’s cohort [42]. Similarly, in a CD cohort treated with infliximab, early normal-
ization of CRP was associated with sustained remission [43]. Furthermore, CRP 
levels measured after induction in these patients were correlated with the degree 
of MH.

Given the diversity of phenotypes and patient preferences in IBD, flexibility in 
therapeutic approach is essential. However, our general treat-to-target strategy 
centers on endoscopic evidence for disease activity or MH with interim measure-
ments of serum and fecal biomarkers that may help predict disease recurrence 
(Fig. 10.1). Once a diagnosis is made, disease extent and prognostic factors should 
be considered when deciding the intensity of induction therapy. High-risk patients 
with severe and extensive inflammation should be treated both early and aggressively 
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with MH as a therapeutic target. While no widely accepted definition for MH exists, 
the absence of mucosal ulceration is a reasonable assumption. In the SONIC trial, 
44% of patients who received early effective therapy achieved MH (defined by the 
absence of mucosal ulceration) [1]. Moreover, the step-up/top-down trial 
demonstrated that 73% of patients with CD who were assigned to early dual therapy 
achieved MH within 2 years. However, for patients with only mild inflammation 
endoscopically, the risks of aggressive therapy will likely outweigh the benefits.

After risk stratification and initiating treatment in a step-down fashion, endoscopy 
should guide therapeutic adjustments to achieve MH. While prospective data support-
ing this approach is limited, a retrospective study by Bouguen and colleagues demon-
strated that when endoscopic ulceration was present after a diagnosis of UC, subsequent 
treatment alterations over time were significantly associated with both MH (defined by 
Mayo endoscopic subscore of 0) and histological healing [44]. In a related study in 
CD, modifications to medical therapy after early endoscopic reevaluation (<26 weeks) 
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active IBD
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severity

High 
risk

Low to 
average 

risk

Aggressive, 
early 

therapy
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Mucosal 
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Continue 
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therapy

1-2 years 6 months
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Trend biomarkers 
every 3-6 months

3 months 3 months

Fig. 10.1  A proposed treat-to-target strategy in IBD
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had revealed persistent ulceration were also strongly associated with MH [45]. While 
the literature available to guide endoscopic intervals is scarce, we suggest reevaluation 
after 6 months of initial therapy in both UC and CD. In patients with abnormal FC and/
or CRP at diagnosis, levels should be checked after 3 months of therapy and twice 
yearly thereafter. Once the target of MH is achieved, de-escalation of therapy can be 
considered after at least one full year of remission. However, at this time there is 
inadequate data to recommend discontinuation of therapy after any duration of stable 
remission. In patients who refuse repeated endoscopies, the clinician should avoid 
pure reliance on biomarkers and may consider imaging modalities such as MR 
enterography or CT colonography in patients with CD and UC, respectively [46]. 
Thoughtful communication between the gastroenterologist and patient is essential at 
diagnosis to establish expectations and the most effective management plan.

�Measure Therapeutic Drug Levels for Proactive Monitoring 
and for Patients with Secondary Loss of Response

CD and UC are chronic, systemic, and inflammatory conditions that are treated by 
blunting or modulating the immune response. Therapy traditionally consisted of 
systemic glucocorticoids and 5-aminosalicylate compounds. The detriments of 
long-term steroid use led to trials evaluating the efficacy of immunomodulators 
such as 6-mercaptopurine (6-MP) and AZA, both of which effectively maintain 
remission in many CD and UC patients and are widely utilized to this day [47, 48]. 
More recently, anti-TNF therapies including infliximab, adalimumab, certolizumab 
pegol, and golimumab have proven effective in IBD treatment and have transformed 
our expectations for disease remission [4, 49–54]. Recently, anti-integrin agents 
have been added as tools to treat patients with UC (vedolizumab) and CD 
(vedolizumab and natalizumab).

As TNF antagonists have become a mainstay of therapy in moderate-to-severe 
IBD, the importance of therapeutic drug monitoring has become apparent. In severe 
IBD, combined therapy with an anti-TNF agent and an immunomodulator is an 
effective induction strategy in part due to the synergistic effects that help reduce 
immunogenicity [55]. A similar mechanism justifies the maintenance of adequate 
serum drug levels, which helps minimize the generation of antidrug antibodies 
(ADAs) that promote early drug clearance. Baert and colleagues conducted one of 
the first studies that underscored the impact of immunogenicity on long-term drug 
efficacy. They demonstrated lower titers of anti-infliximab antibodies and increased 
duration of response to episodic dosing when drug levels were above 12 μg/mL at 
4  weeks [56]. Further work has corroborated that low serum drug levels are 
associated with an increased risk for immunogenicity with both infliximab and 
adalimumab [57–59].

The clinical benefits of adequate drug concentrations have been confirmed by 
multiple studies that measured anti-TNF trough levels (TLs). TLs have been shown 
to correlate inversely with CRP and endoscopic scores and positively with MH and 
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remission [60, 61]. In a post hoc analysis of the ACCENT I trial, TLs of 3.5 μg/mL 
or greater 14 weeks after infliximab induction predicted remission through week 
54 [62]. Similarly in the SONIC trial, infliximab TLs greater than 1.0 μg/mL were 
associated with increased remission rates (72.8 vs. 58.2%) at 30  weeks [1]. 
Undetectable infliximab levels have been associated with higher colectomy rates in 
UC, but detectable drug levels were associated with increased rates of MH [49, 
63]. Increased remission rates with higher TLs of adalimumab have also been 
appreciated in an Israeli cohort study [64]. A more recent cross-sectional analysis 
by Ungar et al. investigated the influence of therapeutic drug levels on MH in 145 
patients receiving either infliximab or adalimumab therapy. Patients demonstrating 
MH had more than twice the drug levels for both infliximab and adalimumab 
compared to those with inflammation. The authors also identified optimal 
therapeutic windows; infliximab and adalimumab levels greater than 5 and 7.1 μg/
mL, respectively, were most predictive for MH, while there was no added benefit 
above 8 and 12 μg/mL [65].

In clinical practice, there are two scenarios in which therapeutic drug monitoring 
may be considered. Individuals who initially respond to the biologic agent but over 
time lose the response are known to have a secondary loss of response (LOR). 
Drug monitoring is also used proactively, which may entail drug dose escalation or 
lowering and measurement of trough levels and antibodies. If the presence of a 
strongly positive antibody is detected in a patient, then different biologic agents 
may be considered.

One of the most difficult aspects of IBD management is secondary LOR to 
previously effective therapy. In the ACCENT I trial, less than 40% of patients 
initially responsive to infliximab therapy maintained remission at 54  weeks [4]. 
Other study groups have estimated an annual LOR risk of 13% per patient-year with 
infliximab [66]. The presence of ADAs may contribute to this LOR. Since the work 
of Baert and colleagues, two episodic dosing trials have found a reduction in 
response duration in those who developed anti-infliximab antibodies [67, 68]. 
However, two scheduled dosing trials have not identified adverse outcomes with 
positive ADA titers [4, 69]. Interestingly, the Active Ulcerative Colitis (ACT) 
trials  found an improved drug response in patients with positive anti-infliximab 
antibodies. The data for antibodies against adalimumab and certolizumab is 
similarly conflicting.

In practice, coupling serum TL drug concentrations with antibody titers can 
help guide management in patients with secondary LOR (Fig. 10.2). During an IBD 
flare with documented inflammation (i.e., active disease), if antibody titers are nega-
tive and TLs of the drug are therapeutic, the physician should consider switching to 
an entirely new class of medication [70]. If the drug is subtherapeutic, the dose or 
frequency of administration should be increased. If high antibody titers are detected, 
switching to another anti-TNF or an anti-integrin is recommended. If only low titers 
are present, the same agent can be used with the addition of an antimetabolite such 
as AZA, which may restore the clinical response by eradicating ADAs [71]. 
Switching therapeutic mechanisms to an anti-integrin is another option. The avail-
able clinical data supports this strategy. In a retrospective study of therapeutic 
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infliximab monitoring, 83% of patients with subtherapeutic drug levels responded 
to dose escalation compared to a 33% response rate after switching to a different 
TNF antagonist. In patients with ADAs, 92% responded to switching anti-TNF 
agents compared to a 17% response rate with dose escalation [72].

A strategy to minimize LOR involves monitoring serum drug concentrations 
proactively. Drug levels are measured at prespecified time points followed by 
titration of the dose to achieve target concentrations. The benefits of this strategy 
were demonstrated by the Trough Level Adapted InfliXImab Treatment (TAXIT) 
study group [73]. Higher rates of clinical remission were achieved when a threshold 
TL of 3–7 μg/mL was actively targeted. The study also demonstrated an economic 
benefit to this approach, as patients with TLs of ≥7 μg/mL could be safely dose 
de-escalated without affecting remission rates. After a successful dose optimization, 
there was no added benefit to continuing concentration-based dosing over clinically 
based dosing for the remainder of the first year of therapy [74]. In a recent cross-
sectional study, Vaughn and colleagues investigated the impact of proactive drug 
concentration monitoring and titration of infliximab dosing to a target in patients 
with clinical remission. Patients who underwent proactive monitoring had a greater 
likelihood of remaining on infliximab therapy compared to controls (HR = 0.3, 95% 
CI 0.1–0.6), and those with a TL > 5 μg/mL saw the greatest benefit [75].

Measuring serum drug concentrations to guide therapy has also proven to be cost 
effective. Velayos and colleagues utilized a Markov model to compare simulated 
outcomes for a testing-based strategy vs. empirical dose escalation in Crohn’s 
patients with LOR to infliximab [76]. The testing-based strategy had similar 
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quality-adjusted life-years and remission rates, but was significantly less expensive 
($31,870 vs. $37,266) than empirical dose escalation over a 1-year period. Therefore, 
for both clinical and economic benefits, clinicians should consider incorporating 
drug concentration measurements into their therapeutic decision-making process.

�When Treating Patients with Biologic Therapy, Optimize 
Therapy

The goals of therapy in IBD have focused on the achievement and maintenance of 
disease remission through treatment optimization. Traditionally, symptomatic 
remission was pursued using a “step-up” strategy involving medication and dose 
escalation as the severity of disease progressed. This strategy involves the use of the 
least effective and least potentially toxic medications initially, and if not beneficial, 
more aggressive and effective therapies with potentially greater toxicity are initiated. 
With the advent of biologic therapy, an effort to achieve resolution of both clinical 
symptoms and endoscopic inflammation is the focus of therapeutic intervention. 
The use of prognostication to predict which patients have the highest probability of 
aggressive disease has led to earlier introduction of biologic therapy in the medical 
therapeutic armamentarium. Since many patients do not initially respond to standard 
dosing, adjustments are needed to achieve optimized dosing.

The growing diversity of biologic agents alone has facilitated therapy optimiza-
tion and remission even in severe disease. The TNF antagonists currently approved 
by the FDA for CD include infliximab, adalimumab, and certolizumab pegol, while 
those for UC include infliximab, adalimumab, and golimumab. All of the TNF 
antagonists have comparable clinical response rates, but switching between them is 
one potential optimization strategy after LOR [77]. Alternatives to anti-TNF therapy 
include the anti-integrin agents natalizumab (humanized monoclonal anti-alpha-4 
integrin) and vedolizumab (humanized monoclonal anti-alpha-4-beta-7 integrin). 
However, use of natalizumab is restricted due to an increased risk for JC virus-
associated progressive multifocal leukoencephalopathy (PML). The data for therapy 
optimization, however, is primarily based on the data from infliximab since this agent 
has been on the market for the longest of all biologics (FDA approved in 1998).

Optimization of therapy begins with an assessment of the risk of disease progres-
sion and assessment of the disease severity when considering the use of combina-
tion therapy (anti-TNF and immunomodulator). Certain clinical factors portend a 
higher risk of having complicated disease (poor prognosis), including early onset 
disease, early steroid requirement, perianal involvement, and severity of endoscopic 
inflammation [78]. Patients with these risk factors merit a “top-down” approach 
with early initiation of both a biologic and an antimetabolite. A randomized con-
trolled trial by D’Haens et al. demonstrated that early treatment with dual therapy – 
infliximab and AZA  – in patients with CD (who had no prior exposure to 
immunomodulators or biologic therapy) was associated with higher rates of MH 
compared to those receiving biologics later in their disease course [23]. The SONIC 
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trial also found a dual therapeutic approach in CD to be the most efficacious for 
steroid-free remission and MH [1]. Most recently, Khanna and colleagues conducted 
a cluster randomized trial to compare early combined immunosuppression with 
a  conventional step-up approach in CD [79]. While there was no difference in 
remission rates as prior studies had shown, the risk of surgery, hospital admission, 
and disease-related complications was significantly lower with no increase in 
drug-related adverse events in patients receiving early combined therapy.

In UC, the benefits of combination therapy were also investigated in patients 
with frequent relapse and steroid dependence. Prior treatment guidelines have 
recommended a “step-up” approach in UC patients with antimetabolite monother-
apy prior to a trial of a biologic agent [80]. The validity of this strategy was chal-
lenged by the UC SUCCESS trial [81]. Patients with moderate-to-severe UC who 
were refractory to steroids and naïve to TNF antagonists were treated with AZA 
monotherapy, infliximab monotherapy, or dual therapy. Those in the dual therapy 
group had significantly higher rates of corticosteroid-free remission at 16 weeks 
than patients receiving either monotherapy. Combined therapy also demonstrated 
significantly more MH than AZA monotherapy, further supporting a top-down 
approach for these high-risk patients.

In addition to implementing a “top-down” approach in high-risk patients, the 
clinician should have a strategy to optimize those with an inadequate initial 
response or secondary LOR to biologic therapy. Scheduled maintenance bio-
logic dosing is preferred to episodic dosing to minimize immunogenicity, but is 
not 100% effective in preventing ADAs and subsequent LOR [72]. As discussed 
previously, therapeutic drug monitoring and ADA titers can be helpful in this 
regard (Fig. 10.2).

Dose escalation is appropriate in situations of negative ADAs and low drug 
levels, and the available data is most helpful for titrations of infliximab and adali-
mumab. With infliximab, dosing can be increased from 5 to 10  mg/kg every 
4–8 weeks. The ACCENT I trial demonstrated an 80% response rate to this dose 
escalation in CD patients and the ACCENT II study showed a 50% response in 
more severe, fistulizing disease [82, 83]. Evidence also supports escalation of 
adalimumab from 40 mg every other week to weekly. In the CLASSIC II trial, 
204 CD patients who were not in remission at weeks 0 and 4 after adalimumab 
induction entered an open-label cohort with 40 mg adalimumab given every other 
week [84]. With subsequent disease flares, doses could be escalated to 40  mg 
weekly. Forty-six percent of patients who completed 56 weeks of therapy required 
escalation to weekly dosing, among which 42% achieved clinical remission. In a 
post hoc analysis of the ULTRA 2 trial for UC, 29% of primary nonresponders to 
adalimumab demonstrated MH by week 52 with weekly dosing [85]. Similarly, 
weekly adalimumab led to clinical response and MH in 45% of patients with 
secondary LOR.

More data is needed to support dose escalation for the newer TNF antagonists – 
specifically certolizumab pegol and golimumab – given the lack of prospective, 
controlled blinded data. With certolizumab, the WELCOME and PRECISE 4 tri-
als showed that reinduction doses or a single additional dose led to a maintained 
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clinical response in 50–60% of CD patients with relapse [86, 87]. For golimumab, 
higher drug levels were associated with greater clinical response in the 
PURSUIT-SC trial, suggesting a potential benefit to dose escalation that should 
prompt further investigation [54]. Recent data suggests there may be similar 
benefit for shortening the dosing frequency for patients with secondary LOR 
receiving vedolizumab for the treatment of IBD [88].

The diversity of patient and clinical factors in IBD presents challenges to 
therapeutic decision-making. However, the available data should provide a 
framework for achieving disease remission in a spectrum of disease manifesta-
tions. The greatest benefits are seen when a combination of biologic and antime-
tabolite therapy is initiated early in severe disease, and following drug levels and 
ADAs can positively influence dosing and medication adjustments to maintain 
MH. Future advancements in drug development and monitoring, individualized 
diagnostics, and risk stratification will promote a more robust approach to ther-
apy optimization.

�Dose Appropriately and Use the Correct Induction 
and Maintenance Doses

For treating IBD patients with active disease, we will review several clinical 
scenarios that require careful dosing considerations. First, it is important to give 
appropriate loading doses and appropriate maintenance dosing. Use of approved 
loading and maintenance doses are based upon pharmacokinetics and modeling. 
The standard induction and maintenance regimens for approved biologics are listed 
in Table 10.2.

	(a)	 Prior to initiation of biologics and immunomodulators, vaccinate and screen for 
future potential infectious complications appropriately.

Table 10.2  Loading doses for biologics and immunomodulators

Biologic Indication Loading dose Maintenance dose

Infliximab CD, UC 5 mg/kg IV week 0, 2, 6 5 mg/kg IV every 8 weeks
Adalimumab CD, UC 160 mg sc week 0; 80 mg 

sc week 2, 40 mg sc week 4
40 mg sc every 2 weeks

Certolizumab pegol CD 400 mg sc week 0, 2, 4 400 mg sc every 4 weeks
Golimumab UC 200 mg sc week 0, 100 mg 

sc week 2
100 mg every 4 weeks

Vedolizumab CD, UC 300 mg IV week 0, 2, 6 300 mg IV every 8 weeks
Immunomodulator Indication Dose –
Azathioprine CD, UC 2.5 mg/kg/day –
6-Mecaptopurine CD, UC 1.5 mg/kg/day –
Methotrexate CD 25 mg sc/im/week –

10  Tricks of the Trade: Treating Your Patient with Moderate-to-Severe IBD



162

It is well known that the use of immunomodulators and biologic therapy 
increases the risk of developing viral, fungal, parasitic, or bacterial infections 
(Table 10.3). Use of azathioprine/6-MP has been linked to an increased risk for 
viral infections, whereas biologic agents primarily increase the rate of fungal or 
mycobacterial infections [89].

Elderly patients with IBD are at an even greater risk for infectious complications. 
Specifically, patients over the age of 65 years have a 3- to 20-fold increased likeli-
hood of developing urinary tract infection and community-acquired pneumonia 
while on immunomodulator therapy when compared to subjects 25  years and 
younger [90]. This argument also applies to elderly patients receiving biologics, as 
this population is more likely to develop severe infections and have an even higher 
mortality, making age an independent risk factor for hospitalization [91].

Prior to the initiation of immunosuppressive medications, all patients must be 
tested for hepatitis B (HBc antibody, HBs antigen, HBs antibody). In addition, vac-
cination is recommended for all HBc antibody-negative or hepatitis B surface 
antibody-negative individuals. HBs antigen-positive individuals who require immu-
nosuppressive therapy for CD or UC should receive either entecavir or tenofovir 
2  weeks prior to initiating immunosuppressive therapy. Reactivation of HBV in 
HBs antigen-positive patients has been shown to result in liver dysfunction ranging 
from 25 to 36% [92, 93]. Fulminant hepatic failure has also been described in this 
population. Currently, it is suggested that nucleotide/nucleoside analogs should be 
continued for a total of 12 months after completion of therapy for IBD in patients 
with a high viral load (HBV DNA > 2000 IU/mL) [94, 95]. The most recent sugges-
tion is to continue nucleotide/nucleoside analogs until reaching endpoints that apply 
to immunocompetent patients [94, 95].

Besides HBV, serious consideration has to be given to latent Mycobacterium 
tuberculosis (TB) infection. TB should be excluded prior to the treatment of IBD in 
all patients with testing that includes an interferon-γ release assay, chest X-ray, and 
tuberculin skin test. This practice is mandatory, since it has been well recognized 
that TB reactivation can lead to serious complications and even death in patients 
treated with anti-TNF medications [96, 97]. Tuberculin skin test results have to be 

Table 10.3  Recommended testing and vaccination prior to initiation of therapy with 
immunomodulators and biologic agents

Infectious agent Test Treatment recommendation

HBV HBcore Ab, HBsurface Ag, 
HBsurface Ab

Tenofovir, entecavir

Mycobacterium 
tuberculosis

Quantiferon TB Gold INH

HIV P24 antigen and antibody, PCR N/A
Varicella History, PCR Two doses of varicella vaccine, 

repeat X 1
Human papilloma virus Serology IgA, IgG Bi/quadrivalent vaccine for 

both gender
Pneumococcus PCV13 N/A Single vaccination
Influenza N/A Annual vaccination in autumn
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interpreted with caution, as false-positive results (injection site induration ≥5 mm at 
48 h) occur in patients that have received immunization with Bacillus Calmette–
Guerin in the past, whereas false-negative findings are associated with active treat-
ment with steroids, immunomodulators, and even active IBD by itself.

Treatment for latent tuberculosis consists of isoniazid and vitamin B6 [98]. 
Studies on the length of therapy with isoniazid have shown that medication for 
9 months is associated with 90% protection, and treatment for 6 months resulted in 
60–80% protection from tuberculosis reactivation [99]. Only a fraction of patients 
on isoniazid will develop liver biochemical abnormalities, and these should be 
monitored periodically. For patients with IBD and latent tuberculosis, a delay of at 
least 2 months for treatment prior to initiation of anti-TNF medications has been 
recommended [100].

Infection of immunocompromised IBD patients with varicella zoster virus 
(VZV) is a potentially fatal complication in up to one out of four subjects, resulting 
in disseminated intravascular coagulopathy, encephalitis, and/or hepatitis [101, 
102]. In addition, postherpetic neuralgia is more severe in IBD patients treated 
with immunomodulatory medications with evidence of systemic dissemination in 
more than 20% [102, 103]. Therefore, IBD subjects without a definite history of 
chickenpox or varicella zoster should be tested for VZV-specific IgG and if nega-
tive, receive two doses of the VZV vaccine at least 3 weeks prior to initiation of 
biologic therapy [104].

Recommendations for the live zoster vaccine are more complex. In contrast to 
VZV, immunization with the zoster vaccine can be given while on immunosuppres-
sive therapy, according the United States Center for Disease Control, as long as 
current medical therapy does not exceed the following dosing schedules: azathio-
prine ≤3 mg/kg, 6-mercaptopurine ≤1.5 mg/kg, methotrexate ≤0.4 mg/kg [105]. 
The zoster vaccine appears to be safe even in IBD patients on anti-TNF therapy 
[106]; however, it is not currently suggested to be given to patients on current anti-
TNF therapy.

Female patients with IBD being treated with immunosuppressive medications 
should receive an annual pelvic examination. The screening for cervical cancer and 
its precursors in immunocompromised patients is now a standard recommendation. 
In addition to and regardless of medical therapy, the quadrivalent vaccine directed 
against human papilloma virus (HPV) L1-virus-like particles should be given to 
sexually active women and men from 11 to 26 years of age (Advisory committee on 
immunization practices CDC 2013).

	(b)	 Optimize therapy – dose escalate when appropriate.

Patients who have persistent clinically significant inflammation despite biologic 
(anti-TNF or anti-integrin) therapy with therapeutic drug levels are considered as a 
therapeutic primary failure. However, patients initially responding who lose their 
response over time (termed secondary loss of response) should be considered for 
dose escalation before switching to an alternative agent. In general, the concept 
involves targeting higher biologic trough levels of the prescribed biologic agent. 
Table 10.4 summarizes relevant studies of dose escalation and factors that influence 
response and remission to biologic agents.
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	(c)	 Check TPMT prior to treatment with antimetabolite therapy. Consider the 
toxicities associated with thiopurine use.

Thiopurine methyltransferase (TPMT) genotype or phenotype (i.e., enzyme 
activity) testing prior to initiating immunomodulatory therapy with AZA or 6-MP 
can help to predict drug response and is now standard of practice [110–112]. In the 
general population and in patients with IBD, enzyme activity in Caucasians is 
divided into low (0.3%), intermediate (11%), and normal levels (89%). In general, 
patients with intermediate enzyme activity are started on a lower dose of 
6-mercaptopurine and azathioprine, as opposed to patients with normal TPMT 
activity, usually receiving a regular maximal dose at 1.5  mg/kg and 2.5  mg/kg, 
respectively. The rare patient with a low TPMT enzyme activity should not receive 
immunomodulatory therapy with AZA or 6-MP due to increased toxicities.

Thiopurines for the maintenance of remission are not tolerated by approximately 
20% of patients beyond 1  month. Most commonly encountered side effects 
including headache, diarrhea, nausea, vomiting, abdominal pain, and fatigue [113]. 
Complications encountered for the duration of thiopurine treatment include myelo-
suppression with ensuing leukopenia in about 5% of patients, even after patients 
stop medication for 6 months [114, 115]. In addition, 2.3% of patients may develop 
pancreatitis, and more rarely, hepatitis may occur.

A more recent concern is the increased risk for lymphoma with thiopurine use. 
Kotlyar and colleagues conducted a meta-analysis to determine how this risk varied 
with patient age and gender and found that the risk was greatest in individuals older 
than 50 and men younger than 30 [116]. Weighing the risks and benefits of antime-
tabolite therapy therefore merits further attention in individuals from either of these 
groups.

	(d)	 Prior to conception, it is important to ensure the mother is in remission.

Pregnancy in patients with IBD poses a special challenge to the mother, 
fetus, and provider. Besides general recommendations, including adequate nutri-
tion, supplemental folate and vitamin D, and smoking cessation, specific attention 
has to be paid to medical therapy for induction and maintenance of remission. 
Prognostically, female patients that conceive during a flare of IBD have an approxi-
mately 70% chance of continued or worsening activity of intestinal inflammation 
during pregnancy [117–119]. Therefore, it is of paramount importance to achieve 
clinical remission prior to considering pregnancy. Continuation of appropriate 
medication during pregnancy is currently the standard to consider for patients 
in remission.

	(e)	 Anti-TNF therapy is perceived to be safe in pregnancy to the mother and fetus. 
However, there is limited data for the safety of anti-integrin therapy.

Anti-TNF agents are used for induction and maintenance of remission during 
pregnancy and are considered low risk to the fetus and mother [120]. Transplacental 
traffic of IgG1 increases and accumulates in the fetus with gestational age [121], and 
the increase in anti-TNF medications might lead to modification and suppression of 
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the fetal enteric immune system, as clearance of anti-TNFs has been shown to take 
between 2 and 7 months to become undetectable postpartum. Infliximab, adalim-
umab, golimumab, and vedolizumab are composed of IgG1 Fc segments and cross 
transplacentally, whereas certolizumab pegol is IgG4 and has low transplacental 
transfer. To this date, preterm birth, infections, or developmental differences have 
not been identified in comparison to unexposed infants [122]. Biologic agents can be 
safely sustained for the first two trimesters until weeks 24–26, but due to a lack of 
prospective trial data, firm recommendations whether to stop, decrease the dose, 
or maintain the medication at full strength depend on the individual provider and the 
patient. However, prior to any decision, disease activity should be assessed [123].

Vedolizumab has limited data available in abstract form only [124]. A small 
study showed that of 16 documented exposures to vedolizumab during pregnancy, 
nine resulted in live births, two in spontaneous abortions, two in elective abortions, 
and three were lost to follow-up.

	(f)	 AZA and 6-MP use during pregnancy is not associated with any systematic birth 
defect but has been associated with infants who are premature or small for ges-
tational age.

AZA and 6-MP are categorized as class D drugs in pregnancy, as there is positive 
evidence of human fetal risk, based on adverse reaction data from investigational 
and marketing experience, as well as human studies. However, potential benefits 
may warrant use of the drug in pregnant women despite the potential risks, as there 
is no systematic birth defect that has been described with its use. A recent meta-
analysis [125] has demonstrated that thiopurine exposure in women with IBD was 
not associated with low birth weight or congenital abnormalities, but was associated 
with preterm birth. Exposure in men at the time of conception was not associated 
with congenital abnormalities.

Data from the PIANO registry noted that adverse outcomes for women and their 
newborn were not significantly different from control populations, but this study 
noted a few exceptions to this finding [126]. First, besides an increased rate of spon-
taneous abortions and Cesarean sections, infants born to mothers with IBD were 
more likely to deliver early and require postpartum intensive care. Second, mothers 
treated with anti-TNF agents for UC had a fivefold increased rate of spontaneous 
abortion, which was not the case for CD pregnancies. Third, combination therapy 
with anti-TNF and immunomodulatory agents resulted in postpartum complications 
of any kind, adjusted for disease activity.

Additionally, 6-thioguanine nucleotide (6-TGN), a metabolite of 6-MP and 
AZA, is detectable in newborns of mothers treated with immunomodulators 
and  usually mirrors the mother’s 6-TGN serum concentrations. In contrast, 
6-methylmercaptopurine nucleotide (6-MMP) does not traverse the placental bar-
rier and is not found in fetal peripheral blood. Despite these findings, increased 
congenital abnormalities have not been described [125, 127, 128]. Among providers 
there is agreement to not start immunomodulators during pregnancy out of concern 
for bone marrow suppression and pancreatitis.
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	(g)	 For infants born to mothers on anti-TNF therapy, avoidance of live vaccines for 
6 months after birth is suggested. Certolizumab pegol crosses the placenta in 
very low concentrations.

Experts from the United States Centers for Disease Control and Prevention, 
Public Health Agent of Canada, European Crohn’s and Colitis Organization, and 
World Congress of Gastroenterology, all currently recommend that infants exposed 
to biologics in utero should receive the same nonlive vaccines given to unexposed 
individuals. However, live attenuated vaccines, like rotavirus, intranasal influenza, 
and BCG, should not be given until 6 months of age. This recommendation is based 
upon the observation that biologics for the treatment of the mother’s inflammatory 
bowel disease in some cases are not cleared by the infant until that time, raising the 
concern for disseminated infections. If concern regarding a lack of clearance of 
biologics in infants beyond 6 months exists, serum titers can be obtained to guide 
the administration of live attenuated vaccines.

Therefore, it is advisable to weigh risks and benefits carefully, tailored to each 
individual pregnancy, taking into consideration the past and present behavior and 
severity of disease, as well as successful and unsuccessful medications used to 
maintain remission. A multidisciplinary approach is advisable, managing these 
complex patients with advice from obstetrics, nutrition, pharmacy, and possibly 
surgery.

	(h)	 Serum albumin is one of the most important predictors of response to biologic 
therapy.

When evaluating patients in the office or hospital setting, it is important to assess 
the response that an individual patient may have to medical therapy. Biomarkers 
that enable practitioners to successfully predict a patient’s response to biologic 
agents are now beginning to emerge. Serum albumin concentration is one of the 
most well-studied biomarkers for this purpose. Combining data from two study 
populations with over 700 UC subjects, patients with a normal range of serum albu-
min demonstrated a lower clearance rate, longer half-life, and significantly higher 
serum trough levels of infliximab, translating into a more favorable clinical response 
rate to therapy [129]. In particular, a retrospective pharmacokinetic analysis of two 
Phase III trials by the same group (REACH, ACCENT I) found that low serum 
albumin was associated with significantly increased infliximab clearance [130]. 
Interestingly, even within the range from high (4.8 mg/dL) to low-normal (3.1 mg/
dL) albumin levels, infliximab clearance increased by approximately 45%, specu-
lating that a normal albumin concentration improves the function of the neonatal Fc 
receptor, ergo recycling infliximab more efficiently, and accounting for more than 
80% of infliximab efficacy. When investigating CD patients with a loss of response 
to anti-TNF therapy at 5 mg/kg, after a dose adjustment to 10 mg/kg, remission 
rates at 40  weeks were significantly higher in subjects with trough infliximab 
concentrations ≥1 μg/mL and albumin levels ≥3.5 g/dL [131].

While treating with certolizumab pegol, univariant analysis short-term recur-
rence is significantly higher in patients with an albumin concentration below 
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3.5  mg/dL [132]. Further, multivariant analysis has shown that for every unit 
increase in albumin and single percent of hematocrit, the probability of losing 
remission at a given time is reduced (HR 0.944 and HR 0.736, respectively). In 
reverse, when data was subjected to logistic regression analysis, maintenance of 
remission with certolizumab was shown to be associated with, among others, a nor-
mal serum albumin concentration (OR 1.07, 95% CI 1.01–1.13). These findings 
suggest that serum albumin concentrations should be closely monitored for the pre-
diction of long-term outcome in UC and CD, and dose escalation should be consid-
ered in patients with low serum albumin.

�Promote Medication Adherence in All Patients

While successful IBD management requires a thoughtful and personalized treat-
ment approach, suboptimal medication adherence remains a significant and often 
overlooked barrier to remission. Nonadherence occurs in greater than 30% of IBD 
patients, and as many as 60% of adults do not take their oral 5-ASA medications 
consistently [133, 134]. This lack of adherence increases the risk of IBD flares 
by more than fivefold while also escalating healthcare costs [135]. Unfortunately, 
recognition of nonadherence is challenging, and evidence for the use of disease 
characteristics and demographics to screen for nonadherence is lacking [136, 137]. 
The clinician’s efforts should therefore focus on methods to promote medication 
adherence in all patients.

Current evidence supports the use of education and dose simplification to 
maximize adherence. Gastroenterologists should aim to expand their patients’ 
knowledge regarding IBD and associated symptoms, purpose and mechanisms of 
specific medications, potential adverse effects of therapy, and the consequences of 
nonadherence. The most commonly reported reasons for intentional treatment dis-
continuation are adverse effects and symptom resolution (removing the perceived 
need for therapy), which may reflect a fundamental misunderstanding of the disease 
process [138]. Many patients outwardly express a desire to learn more about their 
disease and endorse fear related to knowledge deficits [139, 140]. Prior studies have 
demonstrated that disease-specific education can mitigate these concerns and bolster 
adherence [141–143]. An RCT by Waters et  al. corroborated that formal IBD 
education successfully improves patient knowledge, perceived knowledge, and 
satisfaction [144]. While underpowered, the study also found a nonsignificant 
reduction in nonadherence in the patient education group. In a recent cohort study, 
Selinger and colleagues investigated modifiable risk factors associated with nonad-
herence to IBD therapy. The belief of necessity of medication was associated with 
significantly better adherence, suggesting a valuable role for a patient’s understand-
ing of specific treatments and their functions.

Simplification of the dosing regimen has also been shown to improve medication 
adherence in adults. Kane et  al. randomized UC patients to either conventional 
mesalamine dosing (two or three times daily) or once-daily dosing. At 3 months, 
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once-daily dosing resulted in full adherence, while conventional dosing yielded 
only 70% adherence [145]. Further work by Dignass and colleagues found the 
remission rate of UC to be higher with once-daily compared to twice-daily mesala-
mine [146]. Additionally, both once- and twice-daily MMX mesalamine effectively 
induced clinical and endoscopic remission when compared to placebo in patients 
with mild to moderate UC, affirming that simplified dosing is also a therapeutically 
sound option [147]. This strategy may be most beneficial in cases of accidental 
nonadherence due to the complexity of treatment regimens.

Several more specialized adherence strategies may be considered based on 
patient preferences and characteristics. In pediatric populations, cognitive behav-
ioral therapy (CBT) aimed at problem solving has been effective. Greenley and 
colleagues found that two family-centered problem-solving training sessions 
improved adherence by 18% among patients who were previously nonadherent to 
oral medication [148]. For more challenging cases, a multifaceted and tailored 
approach that combines education, behavioral therapy, and support may be pre-
ferred. Moshkovska et al. demonstrated significantly greater adherence to mesala-
mine in UC patients who underwent motivational training, education, and three 
additional patient-chosen tactics including simplified dosing, pill organizers, and 
various medication alarms and reminders [149]. Given the many potentially effec-
tive interventions, it is worthwhile for every gastroenterologist to discuss adherence 
in the clinic and identify any modifiable barriers prior to optimizing therapy.

�Prognosticate to Predict Which Patients Will Have the Highest 
Probability of Having Aggressive Disease. Treat Aggressive 
Disease Aggressively

One of the most important challenges in IBD management is identifying high-risk 
patients to whom a top-down therapeutic approach should be applied. The risk of 
structural bowel damage leading to intestinal resection in CD is nearly 80%, and 
10% of UC patients will have a colectomy within 10 years of diagnosis [150, 151]. 
Implementing early aggressive therapy that combines a thiopurine and TNF antago-
nist can reduce the incidence of these tragic outcomes in select patients [1]. But 
those destined for a more benign disease course may instead suffer from the com-
plications of unnecessary immunosuppression if their risk is incorrectly stratified. 
There is therefore an obvious need for reliable predictors of disease course and 
severity to be applied in clinical practice.

In CD, clinical findings at diagnosis can predict disease severity. Wolters et al. 
found that age <40 years and the presence of upper gastrointestinal lesions on endos-
copy predicted recurrence, while Solbert and colleagues identified age <40 years, 
perianal fistulas and abscesses, and involvement of the terminal ileum as predictive 
factors for surgery within 10 years of diagnosis [152, 153]. The need for steroids in 
treating the first IBD flare also predicted disabling disease (e.g., steroid dependence, 
hospitalization, surgery, disabling symptoms) within 5  years of diagnosis in a 
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referral center cohort [154]. Smoking has been established as a risk factor for 
transient worsening in CD, while nonsmoking status and higher educational level 
were independently associated with a nonsevere 15-year course in a 600-patient 
cohort [148, 155]. For postoperative CD recurrence, smoking is associated with a 
twofold increased risk that grows further according to the number of cigarettes 
smoked daily [156].

Serologic factors can also provide useful prognostic information in CD. Several 
studies have assessed serum markers, and antibodies against Saccharomyces 
cerevisiae antibody (ASCA), Escherichia coli outer-membrane porin C (OmpC), 
anti-CD-related bacterial sequence (anti-I2), and CBir1 flagellin (CBir1) are associ-
ated with early disease onset, penetrating disease, and need for early surgical inter-
vention [157–159]. ASCA may also predict pouchitis after ileal-anal anastomosis 
[160]. Unlike in UC, perinuclear antineutrophil cytoplasmic antibody (p-ANCA) 
has been associated with less severe disease and fewer small bowel complications 
in CD [158, 161].

The utility of genetic predisposition is more limited in prognosis, given that a 
family history of CD (which increased risk for CD) does not predict disease severity 
[162]. However, a select few genetic polymorphisms may help predict clinical out-
comes. The NOD2 polymorphism has been associated with an increased risk 
for  stricture, early surgical intervention, and postoperative recurrence [163]. 
Additionally, multidrug resistant 1 (MDR1), migration inhibitory factor (MIF), and 
TNF genetic polymorphisms may help predict steroid refractory disease [164–166]. 
More recent work has identified apoptosis gene polymorphisms that may help pre-
dict anti-TNF responsiveness in CD [167].

In UC, clinical predictors for disease severity were evaluated in population-based 
cohorts. Female gender and young age at diagnosis were associated with frequent 
relapses in two studies, and significant systemic symptoms such as fever and weight 
loss increased the risk for colectomy in a Danish cohort [168–170]. The data for 
smoking, however, is somewhat more conflicting; one cohort study associated 
smoking with reduced relapses, while others have found a less active disease course 
in nonsmokers [155, 169]. Nonetheless, smoking is never advised in IBD patients.

Less data exists for serologic and genetic markers for disease severity in 
UC. However, multiple studies, including a recent prospective Australian cohort, 
have associated colectomy with elevated CRP at diagnosis [171]. And while genetic 
factors are not yet applied in clinical practice, Iliev and colleagues found that a 
haplotype of the gene CLEC7A predicts treatment-refractory UC and shorter time 
to colectomy [172].

A global assessment of prognostic factors should be used to guide therapy in 
IBD. Siegel and colleagues recently developed a Web-based tool that combines 
clinical, serologic, and genetic variables to predict outcomes that can help pro-
viders make personalized treatment decisions in CD [173]. The variables incor-
porated into the model are readily available through standard IBD evaluation 
and include the location of disease in the bowel, ASCA, CBir1, ANCA, and 
NOD2 frameshift mutation. These characteristics are inputted in an online inter-
face that then calculates and plots the patient’s percentage risk for complications 
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against time. This is the first validated predictive model that facilitates shared 
decision-making between the patient and the provider that will hopefully see 
extensive use by gastroenterologists in the coming years. With additional pro-
spective data on predictors of disease course, we hope that similar models will 
be developed for practical use in UC as well.

�Conclusions

We hope that this chapter provides a helpful framework for approaching patients 
with moderate-to-severe IBD.  While no single therapeutic plan can benefit all 
patients, we feel that a general strategy that involves documenting active disease, 
treating to objective targets, optimizing therapy, and promoting adherence will lead 
to the best outcomes. High-risk patients now warrant a top-down approach, and 
achieving mucosal healing has become a feasible goal in the biologic era. With the 
growing diversity of immunomodulatory agents and improvement in our prognostic 
capabilities, we hope to be able to tailor therapy with even greater precision to 
individual patients’ needs.
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