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Abstract
Purpose of review  The treatment of inflammatory bowel disease (IBD) has evolved significantly over time based on “treat-
to-target”, an approach which uses sequential objective makers to monitor response to therapy with the ultimate goal of 
achieving endoscopic healing. Biomarkers, including C-reactive protein and fecal calprotectin, are an important noninvasive 
intermediate step in this treatment approach as well as in routine monitoring of disease activity. While widely utilized, there 
is significant variability and some uncertainty in biomarker implementation; this review summarizes evidence for the use 
of biomarkers in IBD.
Recent findings  The Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE) update in combination with 
the 2023 American Gastroenterological Association (AGA) guidelines on the role of biomarkers in the management of both 
Crohn’s disease and ulcerative colitis have offered significant new guidance for those who manage IBD.
Summary  Biomarkers offer important insight into disease activity and can be used to track progress toward deeper levels 
of remission in IBD.
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Introduction

Inflammatory bowel disease (IBD) including Crohn’s disease 
(CD) and ulcerative colitis (UC) can be progressive conditions 
which, when not treated promptly, may lead to irreversible 
damage and disability. To prevent these complications, man-
agement of IBD has evolved significantly over time, shift-
ing from an approach guided by symptoms alone to one that 
proactively incorporates objective findings, tracking progress 
toward deeper levels of remission [1]. This so called “treat-to-
target” approach, initially outlined by the Selecting Therapeu-
tic Targets in Inflammatory Bowel Disease (STRIDE) working 
group in 2015 and later updated in 2021 as STRIDEII, now 
serves as an important treatment guide for IBD clinicians [2, 
3]. Under this approach, sequential key benchmarks are used 
to assess treatment response and adjust therapy accordingly, 

beginning with a short-term goal of symptom improvement, 
progressing to an intermediate goal of biomarker normaliza-
tion, and ultimately aiming for endoscopic remission. If, at 
any point these goals are not met, therapeutic adjustments 
can be made and patient response again closely monitored. 
Achieving endoscopic healing, the ultimate goal in the treat-
to-target approach, has been linked with key outcomes in IBD. 
In CD, mucosal healing has been associated with sustained 
clinical response as well as decreased bowel damage, need 
for steroid treatment, and major abdominal surgery [4–6]. 
Similarly, in UC, endoscopic healing, commonly defined as a 
Mayo Endoscopic Score (MES) of 0–1, has been associated 
with decreased rates of hospitalization, need for steroid treat-
ment, colectomy, dysplasia and colon cancer [6, 7].

Biomarkers, surrogate markers for disease activity includ-
ing C-reactive protein (CRP) and fecal calprotectin (FC), 
have therefore become increasingly utilized noninvasive 
measures of IBD activity as an intermediate step in the treat-
to-target approach. They provide distinct advantages over 
traditional assessment methods such as CT or colonoscopy 
as they can be assessed rapidly, followed serially, and avoid 
significant cost and patient burden. Their use has also been 
associated with greater likelihood of remission [8]. Bio-
markers cannot replace endoscopy for disease assessment 
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as they are only surrogates for disease activity, and their 
accuracy depends greatly on the clinical presentation includ-
ing symptom severity. In addition, endoscopy will remain 
necessary for certain indications such as dysplasia detection 
and evaluation for cytomegalovirus. Nonetheless, biomark-
ers can be an important data point to follow in a patient’s 
disease course, especially in those who have a known history 
of biomarker elevation or known correlation of biomarkers 
with endoscopic activity [9, 10].

Despite their widespread use and importance in a treat-to-
target approach, there is considerable variability in the appli-
cation of biomarkers in clinical practice. This guide aims to 
summarize evidence and recommendations for the use of bio-
markers in common IBD scenarios, drawing from STRIDE II as 
well as the American Gastroenterological Association (AGA) 
guidelines for the use of biomarkers (see Fig. 1) [11, 12].

Biomarker Characteristics

Serum Biomarkers

CRP, an acute-phase reactant produced by the liver, can be 
indicative of any inflammatory process or systemic illness 

ranging from rheumatoid arthritis to pneumonia, and is thus 
not specific to IBD. Nonetheless, CRP is still widely utilized 
and possesses several characteristics valuable for disease 
monitoring. CRP has a short half-life of about 19 hours, 
making it a useful measure of disease response in the short 
term, including assessing response to steroids or infliximab 
in patients admitted with acute severe ulcerative colitis [13]. 
CRP is also important to prognosis in other settings: nor-
malization in CRP at 8- and 14-weeks following treatment 
initiation has been associated with remission at 1 year [14].

CRP however has a relatively low sensitivity for endo-
scopic inflammation. For example, in those with UC, CRP 
only modestly correlates with endoscopic disease activity 
with a sensitivity of 51–53% and specificity of 69–71% [15]. 
While CRP likely performs better in CD, it is oftentimes 
still not elevated when only mild or moderate inflammation 
is present [16]. Additionally, there is significant inter-indi-
vidual variability in CRP as 15% or more of patients with 
IBD, including those with certain genetic polymorphisms, 
do not have an elevated CRP, even when significant inflam-
mation is present [17, 18]. Thus, while an important short-
term target, CRP should not be used as a surrogate for heal-
ing. Clinicians should also be aware that units on CRP are 
variable (at times reported as mg/dL and other times mg/L).

Fig. 1   Ulcerative colitis and Crohn’s disease treatment recommen-
dations in setting of elevated biomarkers based on clinical presenta-
tion. In patients with calprotectin over 150 μg/g or CRP > 5 mg/L, 
assess symptom status. Those who are asymptomatic may require 
endoscopic assessment for further evaluation or short interval repeat 
biomarkers. Those with mild symptoms typically require endoscopic 
assessment (see second bullet point in special circumstances). Those 

with moderate to severe symptoms, may undergo therapy adjustment 
(i.e. check drug levels and adjust) or endoscopic evaluation if options 
for changes in therapy are limited or endoscopy is needed for other 
reasons (i.e. rule out CMV). Pouchitis recommendations are dis-
cussed in the text. Abbreviations: CRP: C reactive protein, FC: fecal 
calprotectin, CMV: cytomegalovirus
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Erythrocyte sedimentation rate (ESR) reflects the 
increase in plasma viscosity due to the presence of acute-
phase reactant proteins during inflammation. Therefore, 
ESR is influenced by both anemia and polycythemia. ESR 
can additionally be influenced by certain physiologic states 
and is known to increase in older age and pregnancy, mak-
ing this a somewhat less accurate, less widely used, and at 
times more difficult to interpret biomarker [13].

Stool Biomarkers

Fecal calprotectin, a protein released by neutrophils 
involved in inflammation in the gastrointestinal tract, more 
closely reflects disease activity than CRP [19]. However, 
while more specific, FC may still be elevated in other 
scenarios which do not represent active IBD including 
infection, drug-induced enterocolitis (NSAIDs, immu-
notherapy, etc.), diverticulitis or even colorectal cancer 
[20, 21]. In patients with IBD where infection is common 
and may mimic a flare, it is important to simultaneously 
test for enteric pathogens which may be the cause of the 
elevated FC [22].

FC values may demonstrate significant variability, even 
in samples collected on the same day or using different 
assays on the same sample [23]. Fortunately, values are less 
variable at the lower end of the range, which is oftentimes 
where FC is most helpful [23, 24]. Some intra-individual 
variability may be reduced by collecting samples at the 
same time of day such as the first bowel movement in the 
morning [25]. There is no set definition for a normal FC. 
Often used values for a normal cutoff range from 50 to 250 
μg/g with lower values correlating better with endoscopic 
remission (i.e. MES 0 or 1 for UC) [26]. While less inva-
sive than tests such as a colonoscopy, there is lower patient 
adherence to stool tests as compared to serum and about one 
third of patients find the stool collection to be difficult [27]. 
As with other biomarkers, a baseline calprotectin is impor-
tant to obtain to appropriately interpret subsequent results.

Like FC, fecal lactoferrin is produced by neutrophils at 
sites of inflammation in the gastrointestinal tract. Relatively 
limited data exists regarding the accuracy of lactoferrin but 
some studies have shown that, like FC, this may be superior 
to CRP [28].

Crohn’s Disease

In CD, achieving early mucosal healing can prevent irre-
versible bowel damage, changing the course of the disease 
[6, 29]. Patient symptoms have not been shown to correlate 
well with disease activity and therefore cannot be used 

in isolation to assess disease status [30]. FC, especially 
in patients who have some degree of colon involvement 
(rather than ileum alone) has shown a stronger correlation 
with endoscopic activity than symptoms [31, 32]. A meta-
analysis including over two thousand patients with CD 
showed a pooled sensitivity of 82% and specificity of 72% 
for FC with variable normal cutoffs utilized [19]. When 
used as part of the treat-to-target approach and checked 
12 weeks after treatment initiation, FC has been shown to 
correlate with long term outcomes [33, 34]. Relapse can 
also be predicted by FC, with those with an elevated value 
having between a 53% and 83% probability of relapse in 
the subsequent two to three months [35]. In the case of 
CRP, levels < 5 mg/dl at week 14 in those treated with 
anti-tumor necrosis factor (anti-TNF) therapy have been 
associated with greater likelihood of sustained treat-
ment response [36, 37]. Elevated CRP values at time of 
anti-TNF discontinuation are also associated with risk of 
relapse [38]. Using CRP in addition to FC has been shown 
to be superior to either biomarker alone [39].

Symptomatic Remission

Currently, there are no randomized controlled trials 
comparing a symptom-based monitoring strategy to a 
biomarker-based strategy in patients with CD in sympto-
matic remission. In the 2023 AGA clinical practice guide-
lines, 12 cohort studies that included almost one thousand 
asymptomatic patients with CD were identified. In the 
approximately one third of those patients with elevated 
FC (variably defined as 200–300 μg/g), the risk of disease 
relapse was 4.8 times more likely as compared to those in 
symptomatic remission with a normal FC. Therefore, a 
conditional recommendation was made in favor of a bio-
marker-based strategy over symptom monitoring alone for 
those with CD in symptomatic remission, with considera-
tion of biomarkers followed every 6–12 months. However, 
in those asymptomatic patients who prefer to avoid the 
burden of stool collection or the worry that false positives 
may bring, symptom-based monitoring can be a reasonable 
alternative [12].

If biomarkers are normal (i.e. FC less than 150 μg/g or 
CRP less than 5 mg/L) in asymptomatic patients and they 
have undergone a normal endoscopic evaluation within the 
past three years, it is unlikely that any significant inflam-
mation is present. If biomarkers are elevated, endoscopic 
evaluation should typically be the next step with consider-
ation for possible repeat of biomarkers within 3–6 months 
in certain low-risk groups (i.e. recent normal endoscopy) 
with minimally elevated biomarkers [12]. Radiologic eval-
uation may be an acceptable alternative.
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Mild Symptoms

In patients with symptomatic CD, a biomarker-based strat-
egy is superior to symptoms alone in guiding treatment 
changes. In the CALM study, 244 symptomatic patients with 
CD were randomized to receive standard clinical manage-
ment as compared to a “tight control” strategy that included 
treatment escalation based on FC > 250 μg/g or CRP greater 
than 5 mg/L. Statistically significantly more patients in the 
tight control group as compared to the standard of care 
group (23 vs 37%) achieved deep remission by 48 weeks [8].

One potential drawback to a biomarker-based strategy in 
this symptomatic group is the potential delay in treatment 
while awaiting results of biomarker testing, however up to 
20% of patients with symptoms suggestive of active CD may 
be in endoscopic remission and treated inappropriately if 
decisions are made based on symptoms alone [40]. In those 
patients who have typical CD symptoms but normal bio-
markers, endoscopy or abdominal imaging should be pur-
sued as a next step to evaluate for inflammation.

For patients who are mildly symptomatic with elevated 
biomarkers, endoscopic evaluation should typically be pur-
sued. Note however that in patients with improving symp-
toms with lack of normalization or persistently elevated 
biomarkers, a clinician should consider making lower risk 
treatment adjustments such as checking drug levels or dose 
escalating a therapy prior to endoscopy. Following changes 
in therapy, a treat-to-target approach should again then be 
utilized with subsequent repeat biomarkers and endoscopy.

Moderate to Severe Symptoms

In patients with CD and moderate-to-severe symptoms with 
elevated biomarkers, changes in therapy should be made on 
a case-by-case basis, but endoscopy may not be necessary in 
this group with a high pretest probability for inflammation 
and elevated biomarkers. In patients with moderate-to-severe 
symptoms but normal biomarkers, endoscopic evaluation 
should be performed [12].

There is conflicting data on drug dosing changes based 
on biomarker and clinical response. The STARDUST trial 
did not show an increased rate of endoscopic improvement 
at week 48 in patients with moderate to severe disease on 
ustekinumab followed with a treat-to-target strategy using 
symptoms and biomarkers as compared to those who under-
went therapy adjustment in response to symptoms. However, 
these results may not be generalizable to other patients with 
CD on different therapies or naïve to biologics [41].

Postoperative Recurrence

For those patients with CD who have undergone surgically 
induced remission in the past year and are at low risk for 

disease recurrence or are on therapy to prevent recurrence, 
it may be reasonable to use FC to assess for recurrence as 
opposed to routine endoscopy; however in this case a lower 
FC threshold of 50 μg/g or less may be favored, especially 
in those not on therapy [12]. Any patient with a FC over 
this value should undergo endoscopic evaluation. For those 
who are at high risk for disease recurrence (younger age, 
smokers, history of multiple surgeries, penetrating disease 
phenotype, or long segment bowel resection) and are not on 
therapy, endoscopic evaluation should be performed within 
6–12 months of surgically induced remission regardless of 
biomarkers [42–44]. CRP is likely not sufficiently sensitive 
to be used alone to assess for disease recurrence after surgi-
cally induced remission.

Ulcerative Colitis

In UC, FC is much more sensitive than CRP and has become 
a cornerstone in disease monitoring [45]. In a prospective 
multicenter study of ulcerative colitis patients in clinical 
remission with FC measured every 4 weeks, elevations in 
FC were present up to 3 months prior to clinical symptoms, 
with two monthly measurements > 300 μg/g predicting a 
flare with 100% specificity [46]. A FC ≤ 168 μg/g has been 
shown to predict a sustained clinical response at one year 
with 83% sensitivity and 74% specificity [47]. FC may not 
however be sufficiently sensitive to differentiate mild endo-
scopic activity (MES 1) from endoscopic remission (MES 
0), which has been associated with a lower risk of relapse 
[48]. FC may also be less accurate in proctitis as opposed to 
left sided or extensive colitis and may more closely correlate 
with extent of disease than disease severity [49, 50].

Symptomatic Remission

For those patients with UC in symptomatic remission, the 
addition of routine biomarker monitoring may be an impor-
tant method for predicting disease relapse. In AGA’s 2023 
guidelines, 17 cohort studies with 1286 patients with UC 
in symptomatic remission were identified. Patients with an 
elevated FC (most often defined as > 150 μg/g) were 4.4 
times as likely to have recurrent symptoms within one year 
as compared to those with normal FC [11].

Therefore, in this group of patients, consideration should 
be given to the routine assessment of biomarkers every 6–12 
months depending on patient and provider preference. Cer-
tain drawbacks may exist for this approach: stool collec-
tion for FC is not without burden on patients, serum CRP 
may not be sufficiently sensitive, and an elevated biomarker 
may cause some distress, especially as 26.4% of patients 
in symptomatic remission with FC > 150 did not have sig-
nificant disease activity. Due to the relatively high rate of 
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false positives in the asymptomatic group, in the event of 
an elevated FC level, consideration can be made for endo-
scopic evaluation as the next step or, alternatively, to repeat 
biomarkers in 3–6 months [11].

A FC of < 150 μg/g in an asymptomatic patient with UC 
is strongly correlated with endoscopic improvement: only 
4.3% of this group was misclassified as having endoscopic 
improvement (MES 0 or 1) when they had moderate or 
severe inflammation (MES 2 or 3) [11]. This high negative 
predictive value suggests that patients who prefer to avoid 
endoscopic procedures may reasonably opt to forgo colo-
noscopy in the final stage of a treat-to-target approach [11].

Mild Symptoms

For those with symptoms, it may be reasonable to proceed 
directly to endoscopic assessment as a normal biomarker 
may not be sufficient to rule out active inflammation. A FC 
of 150 in this scenario had 14.5% false negatives and 15.5% 
false positives; CRP of < 5 mg/dl has 18.5% false negatives 
and 11.5% false positives [11]. Low risk changes such as 
adjustment of a biologic after reactive drug monitoring may 
be pursued prior to endoscopic evaluation.

Moderate to Severe Symptoms

In a pooled analysis of 2586 patients in six clinical trials 
with UC treated with biologics or tofacitinib and moderate-
to-severe symptoms, 10–15% of patients had only mildly 
active disease or disease in endoscopic remission [51]. 
Therefore, treatment decisions made on symptoms alone 
without the use of biomarkers may result in unnecessary 
corticosteroids or changes of maintenance therapy. In this 
scenario, FC can be a useful test with a false negative rate 
< 5% for FC < 150 μg/g in those with moderate-to-severe 
symptoms and may obviate the need for endoscopy for dis-
ease assessment alone [12]. In this case, steps should be 
taken to determine if a change or optimization in therapy 
is warranted such as evaluating drug levels or offering re-
induction of small molecule.

Pouchitis

While biomarker assessment in pouchitis has not been rou-
tinely recommended, there is a significant potential for use 
[52]. FC correlates with endoscopic and histologic disease 
activity in pouchitis, and, at times, elevations may pre-
cede the clinical diagnosis of pouchitis by as much as two 
months [53, 54]. Additionally, FC can be used to differenti-
ate between inflammatory and non-inflammatory disorders 
of the pouch with levels below 100 μg/g ruling out pouchitis 
with high sensitivity [55].

Managing Discordant Findings Between 
Symptoms and Biomarkers

Clinicians frequently encounter scenarios where clinical 
symptoms and biomarker results appear to be discordant. 
These situations require careful clinical judgement and take 
into account several patient specific factors, described in 
more detail above.

Asymptomatic Patients with Elevated Biomarkers

This pattern may suggest subclinical inflammation and 
can be an early sign of disease relapse. For CD and UC 
patients in clinical remission with elevated FC (> 150 μg/g) 
or CRP (> 5 mg/L), options include endoscopic evaluation 
to assess mucosal inflammation or repeating biomarkers in 
3–6 months, particularly in patients with recently confirmed 
endoscopic remission or those with a history of biomarker 
fluctuation without clinical change. Risk stratification based 
on disease history, previous biomarker patterns, and endo-
scopic findings can guide the descision.

Symptomatic Patients with Normal Biomarkers

When patients report symptoms suggestive of active dis-
ease, but biomarkers remain normal, endoscopic evalua-
tion is generally warranted. This is particularly important 
in patients with mild-to-moderate symptoms where the 
pre-test probability of active inflammation is intermediate. 
In patients with severe symptoms and normal biomarkers, 
prompt endoscopic assessment is essential to rule out active 
inflammation and consider alternative diagnoses such as irri-
table bowel syndrome, bile acid malabsorption, small intes-
tinal bacterial overgrowth, or stricturing disease without 
active inflammation.

Future Directions

Data supports the use of biomarkers in symptomatic patients 
and with changing therapies, however more research is 
needed regarding the role and timing of biomarker moni-
toring in the asymptomatic patient with IBD. Additionally, 
more research is needed to help determine the best bio-
marker thresholds which distinguish active IBD from inac-
tive IBD in different clinical scenarios.

Biomarkers which can be measured at home or as point 
of care tests, such as wearable devices that can measure 
IL1β and CRP content in sweat are of great interest [56]. At 
home point of care fecal calprotectin test kits analyzed using 
a patient’s smartphone have been shown to correlate well 
with traditional ELISA testing at levels < 500 μg/g and may 
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allow more frequent monitoring as well as improve access 
for those who live far from labs offering calprotectin testing 
[57]. Lastly, novel biomarkers including those that use tran-
scriptomic and proteomic data have shown promise and may 
ultimately be more accurate in predicting treatment response 
and disease flares than traditional biomarkers [58].

Conclusions

Resolution of symptoms is important to both patients and 
providers, but a treat-to-target approach using objective data 
to assess for response aims for deeper levels of remission 
that prevents disease progression and complications. While 
biomarkers cannot replace endoscopy, they have become a 
common part of clinical practice essential for disease treat-
ment and monitoring.
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