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BACKGROUND & AIMS: Biomarkers are used frequently for
evaluation and monitoring of patients with Crohn’s disease
(CD). This American Gastroenterological Association (AGA)
guideline is intended to support practitioners in decisions
about the use of biomarkers for the management of CD.
METHODS: A multidisciplinary panel of content experts and
guideline methodologists used the Grading of Recommenda-
tions Assessment, Development and Evaluation framework
to formulate patient-centered clinical questions and review
evidence on the performance of fecal calprotectin, serum C-
reactive protein (CRP), and Endoscopic Healing Index in pa-
tients with established CDwho were asymptomatic, had symptoms
of varying severity, or were in surgically induced remission.
Biomarker performance was assessed against the gold standard
of endoscopic activity, defined as a Simple Endoscopic Score for
Crohn’s Disease �3. The panel used the Grading of Recommen-
dations Assessment, Development and Evaluation Evidence-to-
Decision framework to develop recommendations for use of
biomarkers in various settings. Implementation considerations
were formulated for each recommendation to inform clinical
practice. RESULTS: The guideline panel made 11 conditional
recommendations. In patients with CD in symptomatic remis-
sion, the panel suggests use of a biomarker- and symptom-based
monitoring strategy over symptoms alone. In patients in symp-
tomatic remission, a fecal calprotectin <150 mg/g and normal
CRP rules out active inflammation, avoiding endoscopic evalua-
tion for assessment of disease activity. However, elevated bio-
markers in this setting merit confirmation with endoscopy
before treatment adjustment. In patients with CD with mild
symptoms, neither normal nor elevated biomarkers alone are
sufficiently accurate to determine endoscopic activity. In patients
with CD with moderate to severe symptoms, elevated fecal cal-
protectin or serum CRP suggests endoscopic activity, precluding
routine endoscopic assessment for disease activity. In patients
with CD in surgically induced remission in low-risk patients on
pharmacologic prophylaxis, a normal fecal calprotectin reliably
rules out endoscopic recurrence. In other postoperative settings,
the panel suggests endoscopic assessment for establishing post-
operative recurrence. CONCLUSIONS: In patients with CD, fecal
calprotectin and serum CRP can inform disease management in
both asymptomatic and symptomatic disease. Discordance be-
tween symptom assessment and biomarker value may merit
endoscopic evaluation for confirmation of status of disease
activity.
Keywords: Inflammatory Bowel Disease; Monitoring; Endo-
scopic Remission; Treat to Target; Evidence Synthesis.

nflammatory bowel diseases (IBDs), comprising
ICrohn’s disease (CD) and ulcerative colitis (UC), are
rising in incidence and prevalence worldwide.1,2 They often
have an onset in young adulthood and are characterized by
a protracted relapsing–remitting course with progressive
permanent bowel damage.3 The therapeutic armamen-
tarium for CD has expanded over the past decade with
multiple new mechanisms of action. Despite such progress,
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nearly one-half of individuals with CD require at least 1
surgery over the course of their illness.4,5 To durably modify
the natural history of CD, an important concept that has
emerged is the need for early institution of effective treat-
ment followed by confirmation of attainment of therapeutic
target in order to improve long-term outcomes and prevent
disease-related disability.6–9 Cross-sectionally, symptoms in
CD have correlated poorly with endoscopic disease activity,
making symptom-based disease activity assessment sub-
optimal.10–12 Thus, objective assessment of inflammation
has traditionally relied on endoscopic assessment of disease
activity and demonstration of mucosal healing. In a
population-based cohort from Norway, patients with CD
who achieved endoscopic healing at 1 year had superior
long-term outcomes up to 5 years after diagnosis, with a
reduced need for corticosteroids and fewer CD-related
hospitalizations.13 However, reliance solely on endoscopy
for repeated assessment of disease activity is limited by cost
and resource utilization, invasiveness, and reduced patient
acceptability. In the CALM (Effect of Tight Control Man-
agement on Crohn’s Disease) trial comparing a symptom-
based therapeutic strategy with a biomarker-based strat-
egy, the use of frequent biomarker measurement to guide
therapy escalation was associated with improved patient
outcomes over 2 years.14 The performance of serum and
fecal biomarkers of disease activity, as well as robust
determination of thresholds that can function as surrogates
of endoscopic activity assessment, have not been examined
comprehensively, leading to significant variability in clinical
practice in optimal use of these biomarkers.
Objective
The objective of this guideline was to inform the role of

commonly used serum and fecal biomarkers as surrogates
for endoscopic disease activity for both cross-sectional
assessment and longitudinal monitoring of patients with
an established diagnosis of CD. The scope of this guideline
was restricted to biomarkers that are widely available
commercially within the United States. This guideline also
separately examined the predictive value of biomarkers for
assessment of postoperative recurrence in CD. The panel did
not examine the role of biomarkers in the diagnostic
pathway for patients with suspected CD. The role of bio-
markers in UC were also examined in a recent guideline.15
Target Audience
The target audience for these guidelines includes

gastroenterology health care professionals; primary care,
emergency, and urgent care providers; patients; and policy
makers. Recommendations are provided for common clin-
ical scenarios in typical patients with CD. However, indi-
vidual patients may have unique circumstances that must be
accounted for when implementing these guidelines. Each
recommendation in this guideline is accompanied by key
implementation considerations and qualifying remarks that
should be considered an integral part of the recommenda-
tion statement and should not be omitted. Discussions about
benefits and harms are important in shared decision mak-
ing, particularly for conditional recommendations when
patient values and specific tradeoffs are important to
consider.

Methods
Overview

This document represents the official recommendations of
the American Gastroenterological Association (AGA) and was
developed using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) framework for diag-
nostic tests and strategies and adheres to best practices in
guideline development, as outlined by the National Academy of
Medicine (formerly Institute of Medicine).16 The development
of this guideline was fully funded by the AGA Institute.

Guideline Panel Composition and Conflict of
Interest

Members of the guideline panel and evidence synthesis
panel were selected on the basis of their clinical and method-
ological expertise after a thorough vetting process. Panel
members disclosed all potential conflicts of interest. Conflicts
were managed according to AGA policies and National Academy
of Medicine and Guidelines International Network standards.
Guideline chair (K.A.C.) and co-chair/senior methodologist (S.
Singh) had no direct conflicts of interest. No panel members
were excluded due to a disqualifying conflict. The evidence
synthesis panel consisted of 2 content experts with expertise in
CD (A.N.A., J.A.), a senior guideline methodologist with expertise
in evidence synthesis and GRADE (S. Singh), and 2 junior
guideline methodologists (N.H.N, S.M.S.). The guideline panel
was multidisciplinary, consisting of a general gastroenterologist
(J.M.W.), gastroenterologists with expertise in CD (K.A.C., B.L.C.,
F.S.V.), and guideline methodologists (S. Singh, S. Sultan, N.H.N,
S.M.S.). The input of a patient representative on the role of
biomarkers in the management of IBD was also considered in
framing recommendations. A full list of conflicts can be
accessed at AGA’s National Office in Bethesda, MD.

Scope
The guideline panel defined biomarkers as molecules that

are quantifiable in tissue, blood, stool, or urine and represent
an underlying biological disease process.17 Biomarkers have
been studied in CD in various clinical contexts, including
assessing likelihood of a diagnosis of CD in patients with sug-
gestive symptoms; predicting clinical course of CD, including
need for surgery; development of stricturing or penetrating
disease; and quantifying disease activity. The panel focused on
biomarkers that are widely used for assessing disease activity
and making treatment decisions, measurable in easily acces-
sible tissue or body fluid compartments, and commercially
available in the United States. We examined the performance of
individual biomarkers in unselected cohorts of patients with
CD, as well as for initial assessment of postoperative recurrence
of CD after surgically induced remission. The panel examined
the cross-sectional performance of each biomarker against
endoscopic assessment of disease activity as the gold standard.
Biomarkers with demonstrated utility in research studies only,
but not available for widespread commercial use, were outside



December 2023 AGA Guideline on Biomarkers for the Management of CD 1369

GU
ID
EL
IN
ES
the scope of this guideline. We also did not examine biomarkers
that have been developed solely for prediction of likelihood of
disease progression, such as development of stricturing or
penetrating disease. However, the panel examined performance
of biomarkers that may predict future disease activity in the
context of longitudinal monitoring. Based on these criteria, we
focused on serum C-reactive protein (CRP), fecal calprotectin,
and the Endoscopic Healing Index (EHI, Monitr).

Formulation of Clinical Questions
Through an iterative process, the guideline and evidence

synthesis panels developed focused clinical questions deemed
relevant for clinical practice to be addressed in the guideline
(Table 1). These related to diagnostic accuracy and utility of
commonly used serum or stool biomarkers that are commer-
cially available. Each guideline statement was derived from a
focused clinical question that comprised a well-defined state-
ment using the PICO (patients, intervention, comparator, and
outcome) format. These statements were used to formulate the
study inclusion and exclusion criteria for review, guided the
literature search, and informed the final guideline recommen-
dations. The AGA Governing Board approved the final set of
questions in October 2021.

Search Strategy
An experienced medical librarian conducted a comprehensive

search of the following databases (Ovid Medline In-Process &
Other Non-Indexed Citations, Ovid MEDLINE, Embase, and Wiley
Cochrane Library) from inception to November 21, 2021, using a
combination of controlled vocabulary terms supplemented with
keywords (Supplementary Table 1); an updated search of Ovid
MEDLINE was performed on September 1, 2022. The search was
limited to English language and humans. The bibliographies of
prior guidelines and the included references were searched to
identify relevant studies that may have been missed. In addition,
content experts helped identify any additional or ongoing studies.

Study Selection, Data Abstraction, and Statistical
Analysis

We included randomized controlled trials (RCTs) or obser-
vational studies of diagnostic accuracy that met the following
inclusion criteria: performed in patients with CD; provided
adequate description of biomarker (ie, CRP, fecal calprotectin,
and EHI), with cutoff corresponding to detection of endoscopi-
cally active CD (generally corresponding to a Simple Endoscopic
Score for Crohn’s Disease [SES-CD] score >3 [mild to severe
inflammation]); with ileocolonoscopy as gold standard (or mag-
netic resonance enterography, video capsule endoscopy, or
balloon-assisted enteroscopy for patients with small bowel CD
not adequately examined on colonoscopy); and provided suffi-
cient data to allow estimation of diagnostic accuracy of the
biomarker for detection of endoscopic activity. For wider appli-
cability and generalizability, we preferentially chose cutoffs most
commonly used in clinical practice. These cutoffs were as follows:
CRP: 5 ± 5 mg/L or 0.5 ± 0.5 mg/dL; fecal calprotectin: 250 ± 50
mg/g, 150 ± 50 mg/g and 50 ± 50 mg/g; and EHI: > 50 or < 20.

We abstracted data on patient population and phenotype,
biomarker, reference standard outcome, and test performance
for each eligible study. Paired values of sensitivity and speci-
ficity were pooled using a bivariate regression random-effects
model proposed by Reitsma et al18 using STATA, version 14.0
software (StataCorp, College Station, TX). Statistical assessment
of heterogeneity was performed using the inconsistency index
(I2), which estimates what proportion of total variation across
studies was due to heterogeneity rather than chance.19
Outcomes of Interest and Illustrative Clinical
Scenarios

For PICOs focusing on biomarker cutoffs to either detect or
rule out mild to severe endoscopic activity, the preferred
outcome was direct consequences on patient-important out-
comes (ie, implications of true positive [TP], false positive [FP],
true negative [TN], false negative [FN] results for patients, see
below). As none of the studies assessed these outcomes
directly, we used TP, FP, TN, and FN rates as surrogate out-
comes and inferred downstream consequences on patient-
important outcomes. We opted to focus on detection of mild
to severe endoscopic activity (SES-CD > 3) rather than detec-
tion of moderate to severe endoscopic activity only because
most studies reported the performance of biomarkers at this
cutoff and treatment adjustments in CD are recommended in
response to presence of any ulcers, rather than focusing only on
patients with SES-CD >6.20–22

For questions focused on ruling out endoscopically active
CD, our outcome was minimizing rates of FN (ie, patients
incorrectly labeled as being in remission when they actually
have active endoscopic inflammation) to a level <5% in gen-
eral, with reasonable rates of TP, FP, and TN (Supplementary
Figure 1). For questions focused on detecting endoscopic ac-
tivity, our outcome was minimizing rates of FP (ie, patients
incorrectly labeled as having active endoscopic inflammation
when their disease is actually in remission) (Supplementary
Figure 2). The threshold of 5% FN and FP rates is similar to
that used in the UC guideline and was consistent with patient
preference for choosing stool-based biomarkers over endo-
scopic assessment for monitoring inflammation.23

Overall TP, FP, TN, and FN rates are dependent on pretest
probability. We derived illustrative prevalence of any endoscopic
activity (SES-CD >3) based on a combination of abdominal pain
(AP) and stool frequency score, 2 of the most commonly used
patient-reported outcomes, which were used to calculate 2-item
patient-reported outcomes (PRO2) disease activity scores. Prev-
alence of any endoscopic activity (SES-CD �3) and of endoscopic
remission (SES-CD <3) for different combinations of cutoffs of
PRO2 (based on AP and stool frequency score) at varying time
points after treatment initiation or adjustment were derived from
existing literature based on individual participant data from
phase 2 and 3 clinical trial programs of biologic agents in patients
with moderate to severely active CD (unpublished data), as well
as referral center observational cohorts with prospective
assessment of clinical disease scores and endoscopic activity.24

For our analysis, we used 4 illustrative scenarios, 2 per-
taining to patients with CD in symptomatic remission and 2 for
those with active symptoms:

� Low pretest probability of having endoscopically active
inflammation comprised asymptomatic patients with CD
(PRO2 <8, 3 or fewer very loose/watery stools per day,
and absent or mild AP; or 3-item PRO [PRO3] <13). This
population was further subdivided into 2 subgroups based
on whether the patient had recently (within 3 years)



Table 1.Focused Questions and Corresponding PICO (Patients, Intervention, Comparator, and Outcome) Questions Addressed in These Guidelines

Variable Focused question Patients
Intervention
(threshold?) Comparator Outcome

Patients with CD in symptomatic remission
Question 1 In patients with CD in symptomatic remission, is

interval biomarker-based monitoring
superior to symptom-based monitoring to
improve long-term outcomes?

Patients with established CD in
symptomatic remission

Interval biomarker-
based monitoring

Interval symptom-
based
monitoring

Maintaining clinical remission at 12 mo
and beyond

Question 2a In patients with CD in symptomatic remission,
at what fecal calprotectin, serum CRP, and
EHI cutoff can we accurately rule out active
inflammation, obviating routine endoscopic
assessment?

Patients with established CD in
symptomatic remission, with
recent confirmation of
endoscopic remission (within 3
y prior, without change in
therapy and clinical status)
and unknown endoscopic
remission status, in whom
fecal calprotectin, serum CRP,
and EHI was measured

Fecal calprotectin <50
mg/g, <150 mg/g, or
<250 mg/g

Normal CRP (<5 mg/L)
EHI <20

Fecal calprotectin
>50 mg/g, >150
mg/g, or >250
mg/g

Elevated CRP (>5
mg/L)

EHI >20

Beneficial:
For detection of endoscopic

inflammation,
TP rate
TN rate

Harms:
FN rate (false reassurance that

inflammation has resolved, leading to
increased risk of flares due to
undertreatment)

FP rate (excess endoscopic procedures
to rule out inflammation)

Patients with symptomatically active CD
Question 3 In patients with symptomatically active CD, is

an evaluation strategy that combines
biomarkers and symptoms superior to
symptom-based evaluation for making
treatment adjustments?

Patients with symptomatically
active CD

Biomarker- and
symptom-based
evaluation

Symptom-based
evaluation

Beneficial:
For detection of endoscopic

inflammation,
TP rate
TN rate

Harms:
FN rate (failure to recognize flare leading

to undertreatment/mistreatment, and
patient morbidity)

FP rate (overdiagnosis, leading to
unnecessary treatment adjustment
and risk of treatment-related
complications)
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Table 1.Continued

Variable Focused question Patients
Intervention
(threshold?) Comparator Outcome

Question 4b In patients with symptomatically active CD, at
what fecal calprotectin, serum CRP, and EHI
cutoffs can we accurately diagnose active
inflammation, obviating routine endoscopic
assessment?

Patients with established CD with
moderate to severe symptoms
of CD, or mild symptoms, in
whom fecal calprotectin,
serum CRP or EHI was
measured

Fecal calprotectin >50
mg/g, >150 mg/g, or
>250 mg/g

Elevated CRP (>5 mg/
L)

EHI >50

Fecal calprotectin
<50 mg/g, <150
mg/g, or <250
mg/g

Normal CRP (<5
mg/L)

EHI <50

Beneficial:
For detection of endoscopic

inflammation,
TP rate
TN rate

Harms:
FN rate (failure to recognize flare leading

to undertreatment/mistreatment, and
patient morbidity)

FP rate (overdiagnosis, leading to
unnecessary treatment adjustment
and risk of treatment-related
complications)

Patients with CD in surgically induced remission
Question 5c In patients with CD in surgically induced

remission, at what fecal calprotectin, serum
CRP, and EHI cutoffs can we accurately rule
out postoperative endoscopic recurrence,
obviating routine endoscopic assessment?

Asymptomatic patients with CD
after surgically induced
remission within the past 12
mo, who are at low risk of
endoscopic recurrence and on
postoperative pharmacologic
prophylaxis (10% risk), low risk
of endoscopic recurrence and
not on postoperative
prophylaxis, or at high risk of
postoperative recurrence and
on postoperative prophylaxis
(30% risk), or at high risk of
endoscopic recurrence and
not on postoperative
prophylaxis, who underwent
biomarker monitoring 6–12 mo
after surgery

Fecal calprotectin <50
mg/g, <150 mg/g, or
<250 mg/g

Normal CRP (<5 mg/L)
EHI <20

Fecal calprotectin
>50 mg/g, >150
mg/g, or >250
mg/g

Elevated CRP (>5
mg/L)

EHI >20

Beneficial:
For detection of endoscopic recurrence,

TP rate
TN rate

Harms:
FN rate (failure to recognize endoscopic

recurrence leading to
undertreatment/mistreatment, and
patient morbidity)

FP rate (overdiagnosis, leading to
unnecessary treatment adjustment
and risk of treatment-related
complications)

Biomarker- vs endoscopy-based monitoring strategy in patients with CD
Question 9 In patients with established CD, is interval

biomarker-based monitoring strategy
superior to interval endoscopy-based
monitoring strategy to improve long-term
outcomes?

Patients with CD in symptomatic
remission

Interval biomarker-
based monitoring

Interval endoscopy-
based
monitoring

Maintaining clinical remission at 12 mo
and beyond

aTest performance of EHI cutoffs for patients with CD in symptomatic remission was addressed in Question 6.
bTest performance of EHI cutoffs for patients with symptomatically active CD was addressed in Question 7.
cTest performance of EHI cutoffs for patients with CD in surgically induced remission was addressed in Question 8.
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undergone endoscopic assessment of disease activity. Pa-
tients in whom endoscopic activity status was unknown
(ie, assessment of endoscopic activity was more than 3
years ago), we estimated a higher prevalence of endo-
scopically active inflammation in asymptomatic patients of
45% based on data from clinical trials and observational
cohorts. In contrast, in patients with recent confirmation of
endoscopic remission without subsequent change in clin-
ical status and therapy were estimated to have a proba-
bility of active endoscopic inflammation of 20%, given low
likelihood of endoscopic progression in the absence of any
change in clinical status and therapy.

� Intermediate pretest probability of having endoscopically
active inflammation included patients with mild symptoms
of CD (PRO2 8–13, with 3–5 loose or watery stools per day
and mild AP, or PRO3 score 13–21). The estimated prev-
alence of mild to severe endoscopic inflammation in these
patients was approximately 65%.

� High pretest probability of having endoscopically active
inflammation. These include patients with moderate to
severe symptoms of active CD (PRO2 score > 13, with
more than 5 loose or watery stools per day and/or mod-
erate to severe AP, or PRO3 score > 21). The estimated
prevalence of mild to severe endoscopic inflammation in
these patients was approximately 80%.

For detection of postoperative endoscopic recurrence, we
examined the performance of each biomarker in detecting
significant endoscopic recurrence, defined as Rutgeerts endo-
scopic score �i2.25,26 The panel assumed that initial assess-
ment of endoscopic activity in asymptomatic patients with CD
after surgically induced remission would be 6–12 months after
the resection. We used 3 illustrative clinical scenarios to
determine the likelihood of endoscopic recurrence at this
assessment based on individual patient factors influencing risk
of postoperative recurrence at time of surgery and use of
postoperative pharmacologic prophylaxis. The risk factors
include early age at CD diagnosis, smoking, long-segment dis-
ease, prior bowel resection, and penetrating disease behavior.
Risk of postoperative recurrence is further modified by use of
postoperative pharmacologic prophylaxis. Typically, use of
postoperative prophylaxis with immunosuppressive therapies
lowers the risk of postoperative recurrence by 50%–70%.

� Low risk of postoperative endoscopic recurrence
comprised patients without any risk factors associated
with a greater likelihood of postoperative recurrence who
were on postoperative prophylactic therapy. The estimated
likelihood of endoscopic recurrence in this population was
approximately 10%.

� Intermediate risk of postoperative endoscopic recurrence
comprised patients who had 1 or more risk factors for
postoperative recurrence but were on postoperative pro-
phylactic therapy associated with reducing risk of recur-
rence. The estimated likelihood of endoscopic recurrence
in this population was approximately 30%.

� High risk of postoperative endoscopic recurrence
comprised patients who had 1 or more risk factors asso-
ciated with high likelihood of recurrence who were not on
postoperative prophylactic therapy. The estimated likeli-
hood of endoscopic recurrence in this population was
approximately 60%.
Consequences of Diagnostic Test Results on
Patient-Important Outcomes

The panel considered downstream consequences in
important patient outcomes corresponding to each possible
outcome of a diagnostic test (TP, FP, TN, and FN) (Table 2).
Health care providers should be aware of test performance at
an individual patient level in each of these scenarios and bal-
ance the FN and FP rates with the downstream change in
treatment plan that would result from each of these scenarios.

Certainty of the Evidence
We rated the certainty of evidence using the GRADE

approach for diagnostic tests and strategies.16 In this approach,
all evidence from RCTs (comparing different diagnostic tests or
cutoffs of the same test) and observational diagnostic accuracy
studies start at high quality, but can be rated down for any of
the following factors:

� risk of bias in included studies (inferred based on
QUADAS-2 instrument)27;

� indirectness (deemed present if there were important
differences between the populations studied and those for
whom the recommendation is intended); in this updated
GRADE approach for diagnostic accuracy studies, TP, FP,
TN, and FN derived from sensitivity and specificity were
not considered surrogate outcomes;

� inconsistency (deemed present if there were considerable
differences between studies in the accuracy estimates that
were not explained, or if cutoffs for biomarkers corre-
sponding to endoscopic activity were not prespecified but
were obtained primarily post hoc, corresponding to area
under the receiver operating characteristic curve);

� imprecision (deemed present if there were wide CIs for TP,
FN, TN, and FP rates); and

� publication bias, if strongly suspected.

Evidence profiles were developed for each intervention
using the GRADEpro Guideline Development Tool (https://
gradepro.org).

Translating Evidence to Recommendations
The guideline panel and evidence synthesis panel met face

to face on May 8, 2023 to discuss the evidence and formulate
the guideline recommendations. Based on the Evidence-to-
Decision framework, the panel considered the certainty of ev-
idence; balance of benefit and harms; patient values and pref-
erences; and, when applicable, feasibility; acceptability; equity;
and resource use. For all recommendations, the panel reached
consensus. The certainty of evidence and the strength of rec-
ommendations are provided for each clinical question. As per
GRADE methodology, recommendations are labeled as “strong”
or “conditional.” The phrase “we recommend” indicates strong

https://gradepro.org
https://gradepro.org


Table 2.Consequences of Diagnostic Test Results on Patient-Important Outcomes

Test result Consequence

TPs Patients correctly diagnosed as having endoscopically active disease would be eligible to undergo treatment adjustment,
which may improve symptoms and decrease risk of disease-related complications and morbidity, without being subject
to risk, invasiveness, and cost of endoscopic assessment.

FPs Patients incorrectly diagnosed as having endoscopically active disease, when actually they are in endoscopic remission or
have only mild endoscopic activity may undergo unnecessary testing (endoscopy) and/or treatment adjustment, and
have avoidable anxiety, potential testing- or treatment-related complications, and increased resource utilization.

TNs Patients correctly diagnosed as being in endoscopic remission would be reassured and obviate the need for invasive testing
with endoscopy, although they may need to undergo serial assessment of biomarker at periodic intervals.

FNs Patients incorrectly diagnosed as being in endoscopic remission when actually they have moderate to severe endoscopic
activity would be falsely reassured, may have avoidable anxiety about unexplained symptoms, and may not receive
appropriate treatment adjustment, potentially leading to increased disease related complications, morbidity, and
mortality.

December 2023 AGA Guideline on Biomarkers for the Management of CD 1373

GU
ID
EL
IN
ES
recommendations and “we suggest” indicates conditional rec-
ommendations. Supplementary Table 2 provides the suggested
interpretation of strong and conditional recommendations for
patients, clinicians and healthcare policy makers.
Review Process
This guideline was submitted for public comment and peer re-

view. All comments were reviewed and addressed by the full panel.
Final recommendations were approved by the AGA Governing Board.
Discussion of Recommendations
All of the recommendations are summarized in Table 3 and are

discussed below. Key implementation considerations when contem-
plating using biomarkers in CD are discussed below and in Table 4.
Key Considerations for Implementing These
Recommendations in Clinical Practice

The recommendations in the guideline provide a framework
for use of serum or fecal biomarkers in the management of
patients with CD to inform treatment. It is important to
recognize the limitations of the available data, as well as
incorporate both patient and provider thresholds for FP and FN
when confronted with a specific clinical setting to implement
each guideline recommendation.

1. Considerations of test performance and specificity of
biomarkers: Neither serum CRP nor fecal calprotectin
are specific for CD activity.
� CRP may be elevated in systemic inflammatory pro-
cesses and does not always represent luminal CD ac-
tivity. Fecal calprotectin is more specific for gut
inflammation, but may be elevated in the setting of
concomitant gastrointestinal infections. In patients with
CD who present with elevated biomarkers and disease-
related symptoms, stool testing for Clostridioides diffi-
cile and other enteric pathogens is important to help rule
out other sources of gastrointestinal infections.
2. Role of endoscopic evaluation for other indications: In
certain situations, endoscopic assessment may be
required for reasons other than assessment of disease
activity. Thus, a decision for replacement of endoscopic
evaluation by biomarker measurement should consider
other information provided by endoscopy.

� Endoscopic evaluation is warranted for determining the
extent and severity of inflammation, dysplasia detection
and surveillance, evaluation and endoscopic treatment of
stricturing disease, and ruling out cytomegalovirus coli-
tis; biomarkers are not helpful in these situations.

3. Association between treatment target and biomarker
performance: The panel debated comparing biomarker
performance with any endoscopically active CD (SES-
CD �3) or moderate to severe endoscopic activity
(SES-CD �6). We eventually elected to benchmark
biomarker performance against SES-CD �3, given that
this was the threshold used to report biomarker per-
formance in most studies and there was a paucity of
data evaluating biomarker performance for detecting
moderate to severe endoscopic inflammation (SES-CD
�6). In addition, current CD treatment guidelines
recommend a target of endoscopic remission, defined
as an SES-CD score <3.20–22 It is likely that biomarker
performance would be superior against a higher
threshold of SES-CD >6. In contrast, the accuracy of
biomarkers to detect complete endoscopic healing,
defined as an SES-CD of 0, may be less optimal. Yzet
et al28 compared the outcomes of patients with CD
who achieved a Crohn’s Disease Endoscopic Index of
Severity (CDEIS) score of 0 with those of patients with
a CDEIS score of 1–4. On longitudinal follow-up, pa-
tients with a CDEIS score of 0 had lower rates of
treatment failure (25%) compared with those with a
score of 1–3 (48%; P ¼ .047). None of the patients
with a CDEIS score of 0 underwent surgical resection,
compared with 11% of patients with a CDEIS score of
1–4. Furthermore, transmural healing, based on cross-
sectional imaging or intestinal ultrasound, may also



Table 3.Executive Summary of Recommendations

Recommendation

Patients with CD in symptomatic remission

Recommendation 1: In patients with CD in symptomatic remission, the AGA suggests a monitoring strategy that combines biomarkers and
symptoms, rather than relying on symptoms alone. (Conditional recommendation, low certainty of evidence)

Comment: Patients who place a higher value on avoiding the burden of biomarker testing, over a potentially higher risk of flare and disease
progression caused by missing subclinical inflammation, may reasonably choose interval symptom-based monitoring.

Implementation considerations:
� Interval biomarker monitoring may be performed every 6–12 mo in patients in symptomatic remission.
� Biomarker-based monitoring may be particularly useful in patients w biomarkers have historically correlated with endoscopic disease
activity.

Recommendation 2: In patients with CD in symptomatic remission with recent confirmation of endoscopic remission (without any change in
clinical status, on stable therapy), the AGA suggests using fecal calprotectin <150 mg/g and/or CRP <5 mg/L to rule out active inflam-
mation, and avoid routine endoscopic assessment of disease activity. (Conditional recommendation, low to moderate certainty of evidence)

Recommendation 3: In patients with CD in symptomatic remission without recent confirmation of endoscopic remission, the AGA suggests
endoscopic evaluation to rule out active inflammation, rather than relying solely on fecal calprotectin or CRP. (Conditional recom-
mendation, low to moderate certainty of evidence)

Implementation considerations:
� The panel considered recent confirmation of endoscopic or radiologic remission to ideally have been within 3 y.
� Radiologic assessment of disease activity may be a reasonable alternative to endoscopic assessment for patients with predominantly
small bowel involvement.

Recommendation 4: In patients with CD in symptomatic remission, with elevated biomarkers of inflammation (fecal calprotectin >150 mg/g,
CRP >5 mg/L), the AGA suggests endoscopic assessment of disease activity rather than empiric treatment adjustment. (Conditional
recommendation, low certainty of evidence)

Implementation considerations:
� In patients with CD in sustained symptomatic remission but elevated biomarkers, repeat measurement of biomarkers (in 3–6 mo) may be
a reasonable alternative to endoscopic (or radiologic) assessment, especially if the latter has been performed recently.

� Lack of normalization of biomarkers (or persistently elevated biomarkers) in patients whose symptoms recently resolved after initial
treatment of symptomatically active CD, likely suggests active inflammation, and may warrant treatment adjustment, without need for
endoscopic (or radiologic) evaluation.

Patients with symptomatically active CD

Recommendation 5: In patients with symptomatically active CD, the AGA suggests a biomarker-based assessment and treatment
adjustment strategy, rather than relying on symptoms alone. (Conditional recommendation, moderate certainty of evidence)

Comment: Patients who place a higher value on avoiding the burden of biomarker testing, over a potentially higher risk of over- or
undertreatment if relying only on symptoms, may consider choosing interval symptom-based treatment adjustment when being treated
for active symptoms.

Implementation considerations:
� Interval biomarker assessment and treatment adjustment may be performed every 2–4 mo in patients being treated for active
symptoms.

� After resolution of symptoms (and normalization of biomarkers), endoscopic (and/or radiologic) evaluation should be performed to rule
out active inflammation, typically 6–12 mo after treatment initiation or adjustment. The patient may then transition to guidance for
patients in symptomatic remission.

Recommendation 6: In patients with CD with mild symptoms and elevated biomarkers of inflammation (fecal calprotectin >150 mg/g, CRP
>5 mg/L), the AGA suggests endoscopic assessment of disease activity rather than empiric treatment adjustment. (Conditional
recommendation, very low certainty of evidence)

Implementation consideration:
� Lack of normalization of biomarkers (or persistently elevated biomarkers) in patients whose symptoms partially improve after initial
treatment of active CD, likely suggests active inflammation, and may warrant treatment adjustment, without need for endoscopic (or
radiologic) evaluation.

Recommendation 7: In patients with CD with mild symptoms and normal biomarkers of inflammation (fecal calprotectin <150 mg/g, CRP
<5 mg/L), the AGA suggests endoscopic assessment of disease activity rather than empiric treatment adjustment. (Conditional
recommendation, very low certainty of evidence)
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Table 3.Continued

Recommendation

Recommendation 8. In patients with CD with moderate to severe symptoms, the AGA suggests using fecal calprotectin >150 mg/g or CRP
>5 mg/L, to rule in active inflammation and inform treatment adjustment and avoid routine endoscopic assessment of disease activity.
(Conditional recommendation, low to moderate certainty of evidence)

Recommendation 9: In patients with CD with moderate to severe symptoms with normal biomarkers of inflammation (fecal calprotectin
<150 mg/g, CRP <5 mg/L), the AGA suggests endoscopic assessment of disease activity rather than empiric treatment adjustment.
(Conditional recommendation, low certainty of evidence)

Patients with CD in surgically induced remission

Recommendation 10: In asymptomatic patients with CD after surgically induced remission within the past 12 mo, who are at low risk of
postoperative recurrence or who have 1 or more risk factors for recurrence but are on postoperative pharmacologic prophylaxis, the
AGA suggests using fecal calprotectin <50 mg/g, to avoid routine endoscopic assessment of disease activity. (Conditional recom-
mendation, moderate certainty of evidence)

Comment: Patients, particularly those with multiple prior surgeries, and/or with failure of multiple advanced therapies before surgery, who
value more accurate assessment of endoscopic recurrence over the inconvenience and costs of colonoscopy, may reasonably choose
endoscopic assessment of disease activity within 12 mo after surgery.

Recommendation 11: In asymptomatic patients with CD after surgically induced remission within the past 12 mo, who are at high baseline
risk of recurrence and are not receiving postoperative pharmacologic prophylaxis, the AGA suggests endoscopic evaluation, rather
than relying solely on biomarkers, for assessing endoscopic recurrence. (Conditional recommendation, low to moderate certainty of
evidence)

Implementation considerations:
� Risk stratification schemes to classify patients’ risk of endoscopic recurrence after surgically induced remission are not well-defined.
Risks factors typically associated with low risk of recurrence 6–12 mo after surgically induced remission include older age at surgery
(older than 50 y), nonsmoking, long-standing disease (more than 10 y), and first surgery for a short segment of fibrostenotic disease
(<10–20 cm). Risk factors typically associated with high risk of recurrence 6–12 mo after surgically induced remission include 2 or more
prior surgeries, penetrating or perianal disease, smoking, young age at surgery, with long segment of small bowel resection; however,
these risk factors may not be additive.

� In patients at low baseline risk of recurrence, who are also receiving postoperative pharmacologic prophylaxis, fecal calprotectin <150
mg/g may also rule out endoscopic recurrence.

� Normal CRP in patients with asymptomatic CD in surgically induced remission is not able to rule out endoscopic recurrence accurately.
� There are limited data on ongoing biomarker monitoring alone in patients with CD in surgically induced remission. Colonoscopic
evaluation may be warranted beyond 12 mo after surgery in patients when biomarker-based monitoring is being pursued.

EHI (Monitr) in patients with CD

Recommendation 12: In patients with CD, the AGA suggests neither in favor of nor against the use of EHI (Monitr) for monitoring
inflammation and treatment decisions. (No recommendation, knowledge gap)

Biomarker- vs endoscopy-based monitoring strategy in patients with CD

Recommendation 13: In patients with CD, the AGA makes no recommendation in favor of, or against, a biomarker-based monitoring
strategy over an endoscopy-based monitoring strategy to improve long-term outcomes. (No recommendation, knowledge gap)
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have prognostic significance in patients with CD. Diag-
nostic performance of a combination of symptoms and
biomarkers to detect these more rigorous end points was
not assessed in this guideline, but is likely to have inferior
performance, given differences in pretest probability. In
this guideline, we focused on the accuracy of biomarkers
to detect active endoscopic inflammation (mild to severe
activity), defined as the absence of endoscopic remission
to be consistent with clinical practice and RCT end points.

� Test performance of all biomarkers in this guideline
reflects their ability to rule out active endoscopic
inflammation (SES-CD >3). Biomarkers may be sub-
optimal for detecting more rigorous treatment targets,
such as SES-CD of 0, transmural healing, or histologic
remission. However, biomarker performance may be
better than reported in the guidelines for detecting
moderate to severe endoscopic activity (SES-CD >6).

4. Influence of disease location on performance of fecal
biomarkers and correlation with symptoms: Elevation of
fecal calprotectin may be influenced by the extent and
location of inflamed surface. The panel identified limited
data comparing the performance of fecal calprotectin by
disease location. A systematic review by Simon et al29

identified 16 eligible studies that examined the sensi-
tivity and specificity of fecal calprotectin by disease
location. The sensitivity of fecal calprotectin for small
bowel inflammation ranged from 43% to 100%, and that
for large bowel disease ranged from 67% to 100%. Three
studies noted fecal calprotectin correlated with endo-
scopic severity in the large bowel alone, and 2 other



Table 4.Key Considerations When Using Biomarkers for Monitoring in Crohn’s Disease

Key considerations

1. Considerations of test performance and specificity of biomarkers: CRP may be elevated in systemic inflammatory processes and does not
always represent luminal CD activity. Fecal calprotectin is more specific for gut inflammation, but may be elevated in the setting of
concomitant gastrointestinal infections. In patients with CD who present with elevated biomarkers and disease-related symptoms, stool
testing for Clostridioides difficile and other enteric pathogens is important to help rule out other sources of gastrointestinal infections.

2. Role of endoscopic evaluation for other indications: Endoscopic evaluation is warranted for determining the extent and severity of
inflammation, dysplasia detection, and surveillance, evaluation and endoscopic treatment of stricturing disease, and ruling out cytomeg-
alovirus colitis; biomarkers are not helpful in these situations.

3. Association between treatment target and biomarker performance: Test performance of all biomarkers in this guideline reflects their ability
to rule out active endoscopic inflammation (SES-CD >3). Biomarkers may be suboptimal for detecting more rigorous treatment targets,
such as SES-CD of 0, transmural healing, or histologic remission. However, biomarker performance may be better than reported in the
guidelines to detect moderate to severe endoscopic activity (SES-CD >6).

4. Influence of disease location on performance of fecal biomarkers and correlation with symptoms: Gastrointestinal symptoms may correlate
less accurately with endoscopic activity in patients with small bowel CD or those with prior intestinal resection compared with patients with
predominant or extensive colonic involvement. Fecal biomarkers may be modestly less accurate in detecting endoscopic inflammation in
small bowel CD or upper gastrointestinal disease than patients with predominant or extensive colonic involvement. In order to interpret
results of fecal biomarkers in patients with predominantly small bowel involvement, close anchoring of symptoms and biomarkers with
endoscopic findings (ie, measuring biomarker and endoscopic activity simultaneously) in patients with active disease, and in remission, is
preferred.

5. Interpreting biomarker performance for low-risk vs high-risk treatment adjustments: Application of all biomarkers in clinical practice should
be guided by downstream implications, including risk of consequent treatment decisions (low-risk treatment adjustment vs high-risk
treatment adjustment). Test performance thresholds (acceptable FP and FN rates) may vary for patient–provider teams, depending on what
treatment adjustment is being considered.

6. Inter- and intra-assay test variability: Fecal calprotectin assays may not be interchangeable and the same assay should be used for a given
patient to compare results over time. Because there can be substantial within-stool and within-day variation of fecal calprotectin
measurements from a single patient, confidence in any single measurement may be limited. Hence, if there is uncertainty of results (such as
borderline or unexpected results), repeat fecal calprotectin testing or endoscopic evaluation for confirmation may be required.

7. Inter-individual heterogeneity in biomarkers responsiveness: There are inter-individual differences in biomarker elevation in patients with
intestinal inflammation, and in a subset of patients, biomarkers may correlate poorly with endoscopic activity. The overall performance and
confidence in the use of biomarkers for treatment decisions in a particular patient may be higher when these biomarkers have been
longitudinally observed to correlate with the patient’s endoscopic disease activity (both during active disease and remission).
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studies demonstrated similar correlation in both small
bowel and large bowel disease locations. From 11
studies that compared performance across disease lo-
cations, 4 studies demonstrated superior performance in
large bowel CD and 7 other studies found no difference
in performance between small bowel and large bowel
locations. Similarly, studies have suggested that the
correlation between symptoms and endoscopic activity
may be influenced by disease location and prior bowel
surgery, with a stronger correlation between symptoms
and endoscopic activity observed in patients with CD
with colon-dominant disease vs patients with predomi-
nantly small bowel involvement, and in patients without
prior intestinal resection.10–12 We were unable to critically
analyze the diagnostic performance of fecal calprotectin in
various clinical scenarios by disease location and, hence,
opted to report diagnostic performance for small bowel
and colonic CD together. The guideline panel posited that,
beyond disease location, the extent and severity of
involved segments may have a considerable impact on test
performance, independent of disease location, similar to
observations in patients with UC, when the performance of
fecal calprotectin may be inferior in patients with limited
proctitis vs extensive colitis. Unfortunately, studies did not
report the performance of fecal calprotectin by disease
extent, separate from disease location.

� Gastrointestinal symptoms may correlate less accurately
with endoscopic activity in patients with small bowel CD or
those with prior intestinal resection compared with pa-
tients with predominant or extensive colonic involvement.

� Fecal biomarkers may be modestly less accurate in
detecting endoscopic inflammation in small bowel CD
or upper gastrointestinal disease than patients with
predominant or extensive colonic involvement. In or-
der to interpret results of fecal biomarkers in patients
with predominantly small bowel involvement, close
anchoring of symptoms and biomarkers with endo-
scopic findings (ie, measuring biomarker and endo-
scopic activity simultaneously) in patients with active
disease, and in remission, is preferred.

5. Interpreting biomarker performance for low-risk vs high-
risk treatment adjustments: The acceptable threshold for
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performance of biomarkers may differ based on the absolute
and/or perceived cost and risk of the proposed in-
terventions in response to biomarker thresholds. For
example, in patients with CD with symptoms, a higher rate
of FP (ie, patients incorrectly labeled as having active
endoscopic inflammation based on biomarkers, when their
disease is actually in remission) may be acceptable for lower
risk treatment adjustments, such as a brief course of ste-
roids in individuals at low risk for adverse effects. However,
it is reasonable to accept lower FP rates for interventions
that may be associated with significant cost (dose escalation
of biologic therapy) or risk (change in therapy).
� Application of all biomarkers in clinical practice
should be guided by downstream implications,
including risk of consequent treatment decisions (low-
risk treatment adjustment vs high-risk treatment
adjustment). Test performance thresholds (acceptable
FP and FN rates) may vary for patient–provider teams,
depending on what treatment adjustment is being
considered.

6. Inter- and intra-assay test variability: Biomarker levels
may vary between laboratories. Thus, use of the same
assay type and laboratory are preferred for accurate
comparison of biomarker trajectory.

� Fecal calprotectin assays may not be interchangeable
and the same assay should be used for a given patient
to compare results over time. Because there can be
substantial within-stool and within-day variation of
fecal calprotectin measurements from a single patient,
confidence in any single measurement may be limited.
Hence, if there is uncertainty of results (such as
borderline or unexpected results), repeat fecal cal-
protectin testing or endoscopic evaluation for confir-
mation may be required.

7. Inter-individual heterogeneity in biomarker responsive-
ness: Biomarkers including CRP and fecal calprotectin
demonstrate heterogeneity between individuals. Up to
one-fifth of patients may not demonstrate an elevation in
these biomarkers in the setting of endoscopically active
disease. Consequently, it is important to anchor the
performance of a biomarker against endoscopic assess-
ment for a given patient both in active disease and in
remission. Biomarker accuracy is likely superior and of
greater clinical value in a patient where the biomarker
was shown to be elevated in the setting of endoscopically
active disease and normalizes with resolution of
inflammation. In patients where this correlation has not
been demonstrated before, interpretation of biomarker
result may merit more caution.

� There are inter-individual differences in biomarker
elevation in patients with intestinal inflammation, and
in a subset of patients, biomarkers may correlate
poorly with endoscopic activity. The overall perfor-
mance and confidence in the use of biomarkers for
treatment decisions in a particular patient may be
higher when these biomarkers have been longitudi-
nally observed to correlate with the patient’s endo-
scopic disease activity (both during active disease and
remission).
Guideline Recommendations
Patients With Crohn’s Disease in Symptomatic
Remission

Question 1: In patients with CD in symptomatic
remission, is interval biomarker-based monitoring
superior to symptom-based monitoring to improve long-
term outcomes?

Recommendation 1: In patients with CD in
symptomatic remission, the AGA suggests a
monitoring strategy that combines biomarkers and
symptoms, rather than relying on symptoms alone.
(Conditional recommendation, low certainty in evidence)

Comment: Patients who place a higher value on
avoiding the burden of biomarker testing, over a
potentially higher risk of flare and disease progression
caused by missing subclinical inflammation, may
reasonably choose interval symptom-based monitoring.

Implementation considerations:

� Interval biomarker monitoring may be performed every
6–12 months in patients in symptomatic remission.

� Biomarker-based monitoring may be particularly use-
ful in patients where biomarkers have historically
correlated with endoscopic disease activity.

Summary of the Evidence
The panel compared a biomarker-based monitoring

strategy with routine and systematic checking of bio-
markers against monitoring of symptoms alone to guide
treatment changes in patients with established CD in
symptomatic remission. Supplementary Figure 3 lays out
the schematic for the proposed comparison. We did not
identify any RCTs that directly compared the 2 strategies
and could inform our recommendations. Although the CALM
trial compared a symptom-based treatment adjustment
strategy with biomarker-based treatment adjustment, all
participants had active disease at study entry.14

Similarly, the STARDUST (Study of Treat to Target
Versus Routine Care Maintenance Strategies in Crohn’s
Disease Patients Treated With Ustekinumab) trial compared
symptom-based vs symptom- and biomarker-based treat-
ment escalation with early endoscopic assessment to guide
increases in dose of ustekinumab, but all patients were
symptomatically active at study entry.30 Thus, both studies
did not directly inform this study question. We subse-
quently examined cohort studies in patients with CD in
symptomatic remission, comparing rates of disease relapse
over long-term follow-up between those with elevated and
normal biomarkers. A meaningfully higher risk of relapse in
those with elevated biomarkers in symptomatic remission
would support a biomarker-based monitoring strategy in
CD. We identified 12 cohort studies comprising 982 patients
in symptomatic remission with unknown endoscopic
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activity at enrollment. All of these studies examined fecal
calprotectin as the biomarker. One-third of patients (38%)
had elevated fecal calprotectin, defined variably as >200–
300 mg/g (Supplementary Figure 4). At median follow-up of
1 year, patients with elevated fecal calprotectin were 4.8
times more likely to have disease relapse compared with
patients with normal fecal calprotectin (95% CI, 2.81–8.17),
with a high degree of heterogeneity (I2 ¼ 82%). With an
observed median annual risk of relapse of 11% in patients
with CD in symptomatic remission and normal fecal cal-
protectin, the risk of relapse over 12 months in those with
elevated biomarkers and symptomatic remission was 52.7%
(95% CI, 30.9%–89.9%) (Table 5).

Benefits and Harms (Downsides)
Symptom-based monitoring strategy. The benefit of

a symptom-based monitoring strategy is that it relies on
symptoms usually assessed as part of routine ongoing
clinical care. However, the potential harms of this strategy
would be a potentially higher risk of relapse due to poten-
tially missing ongoing endoscopically active and clinical
meaningful inflammation in asymptomatic individuals.

Biomarker-based monitoring strategy. The benefit
of a biomarker-based strategy may be a more accurate
prognostication of disease outcomes over 1 year by identi-
fying individuals who may have ongoing endoscopically
active disease, despite the absence of symptoms, potentially
allowing for early treatment adjustment before symptom-
atic relapse. The potential harms of a biomarker-based
strategy are the cost and inconvenience, particularly for
stool-based biomarkers. Elevated biomarkers in asymp-
tomatic individuals may also lead to anxiety and increased
costs due to need for downstream testing to determine FP
rates (see Question 2, Recommendation 4).

Certainty of Evidence
When examining cohort studies comparing long-term

outcomes in patients with CD in symptomatic remission
with elevated vs normal biomarkers, there was low confi-
dence in effect estimates supporting the use of a biomarker-
based monitoring strategy over a symptom-based moni-
toring strategy. Evidence was rated down for risk of bias in
included studies and inconsistency in effect estimates with
variability in cutoffs of fecal calprotectin. There were limited
data on the prognostic value of other biomarkers, such as
serum CRP, in patients with asymptomatic CD.

Rationale
Using the GRADE Evidence-to-Decision framework,

incorporating the potential benefits and downsides of both
strategies, the guideline panel conditionally recommended a
biomarker-based monitoring strategy over symptom-based
monitoring alone. Some patients who prefer to avoid the
burden of biomarker-based monitoring in terms of cost and
inconvenience may reasonably decide to adopt a symptom-
based monitoring strategy alone. The panel determined that
an interval of 6–12 months for monitoring biomarkers
would be reasonable to reflect routine clinic follow-ups for
most patients with CD. As biomarkers may not perform
equally well in all patients, the recommendation for
biomarker-based monitoring is best suited to those who
have previously demonstrated a good correlation between
their endoscopic inflammation and biomarker elevation. The
panel could not identify literature supporting the efficacy of
downstream treatment adjustments in response to
biomarker elevation alone in asymptomatic individuals,
particularly those in sustained remission. The panel
acknowledged that it may be reasonable, in a subset of
patients, to follow-up an elevated biomarker measure with
serial monitoring rather than treatment escalation or im-
mediate endoscopic assessment. The literature was inade-
quate to examine the relative prognostic value of different
cutoffs for elevated biomarkers, and the panel acknowl-
edged that the prognostic value of a markedly elevated
biomarker may differ from mild elevation.

Question 2: In patients with CD in symptomatic
remission, at what fecal calprotectin, serum C-reactive
protein, and Endoscopic Healing Index cutoff can we
accurately rule out active inflammation, obviating routine
endoscopic assessment?

Recommendation 2: In patients with CD in
symptomatic remission with recent confirmation of
endoscopic remission (without any change in clinical
status, on stable therapy), the AGA suggests using
fecal calprotectin <150 mg/g and/or CRP <5 mg/L (or
below cutoff for normal range for the laboratory) to
rule out active inflammation, and avoid routine
endoscopic assessment of disease activity.
(Conditional recommendation, low to moderate
certainty in evidence)

Recommendation 3: In patients with CD in
symptomatic remission without recent confirmation
of endoscopic remission, the AGA suggests
endoscopic evaluation to rule out active
inflammation, rather than relying solely on fecal
calprotectin or CRP. (Conditional recommendation,
low to moderate certainty in evidence)

Implementation considerations:

� The panel considered recent confirmation of endo-
scopic or radiologic remission to ideally have been
within 3 years.

� Radiologic assessment of disease activity may be a
reasonable alternative to endoscopic assessment for
patients with predominantly small bowel involvement.

Recommendation 4: In patients with CD in
symptomatic remission, with elevated biomarkers of
inflammation (fecal calprotectin >150 mg/g, CRP >5
mg/L), the AGA suggests endoscopic assessment of
disease activity rather than empiric treatment
adjustment. (Conditional recommendation, low
certainty in evidence)

Implementation considerations:

� In patients with CD in sustained symptomatic remis-
sion but elevated biomarkers, repeat measurement of



Table 5.Grading of Recommendations Assessment, Development and Evaluation Evidence Profile for PICO (Patients,
Intervention, Comparator, and Outcome) Question 1, Comparing Outcomes With Interval Biomarker-Based
Monitoring vs Symptom-Based Monitoring to Improve Long-Term Outcomes in Patients With Crohn’s Disease in
Symptomatic Remissiona

Outcome
No. of participants
(studies)

Relative effect
(95% CI)

Anticipated absolute effects (95% CI)

Quality
Normal fecal
calprotectin

Elevated fecal
calprotectin Difference

Risk of relapse at 12 mo
982 (12 cohort)

RR, 4.79 (2.81–8.17) Pooled relapse rate at 1 y, % ⨁⨁��
LOWb,c

11 52.7 (30.9–89.9) 41.7 more (19.9 more to 78.9 more)

RR, relative risk.
aPatient or population: patients with CD in symptomatic remission; setting: cohort; exposure: elevated fecal calprotectin
(>200–300 mg/g); comparison: normal fecal calprotectin.
bRisk of bias based on Quality in Prognosis Studies tool.
cInconsistency in effect estimates; variability in fecal calprotectin cutoffs.
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biomarkers (in 3–6 months) may be a reasonable
alternative to endoscopic (or radiologic) assessment,
especially if the latter has been performed recently.

� Lack of normalization of biomarkers (or persistently
elevated biomarkers) in patients whose symptoms
recently resolved after initial treatment of symptom-
atically active CD, likely suggests active inflammation,
and may warrant treatment adjustment, without need
for endoscopic (or radiologic) evaluation.

Summary of the Evidence
Diagnostic performance of fecal calprotectin. The

evidence synthesis team examined the following 3 diag-
nostic cutoffs for fecal calprotectin: 50 ± 50 mg/g, 150 ± 50
mg/g, and 250 ± 50 mg/g through a systematic review and
meta-analysis of published studies (Table 6). To minimize
bias due to selective reporting of optimized cutoffs (as is
common in diagnostic accuracy studies), we included only
studies that reported diagnostic accuracy of preselected
fecal calprotectin cutoffs or reported the performance
across 2 or more predetermined cutoffs. The gold standard
for comparison was either endoscopically active CD (SES-CD
score �3) or endoscopic remission (SES-CD <3). The
sensitivity and specificity of fecal calprotectin cutoff of 50 ±
50 mg/g were 88% (95% CI, 79%–94%) and 67% (95% CI,
51%–80%), respectively, based on 16 cohorts. The corre-
sponding sensitivity and specificity of 150 ± 50 mg/g cutoff
(11 cohorts) were 81% (95% CI, 74%–87%) and 72% (95%
CI, 61%–81%), respectively, and of 250 ± 50 mg/g cutoff
(14 cohorts) were 76% (95% CI, 70%–82%) and 74% (95%
CI, 67%–80%), respectively (Supplementary Figure 5).

Test performance in patients with Crohn’s disease with
known recent endoscopic remission within preceding 3
years (with 20% prevalence of active inflammation in
asymptomatic patients). We estimated that, among pa-
tients with CD in endoscopic remission on stable therapy
and without any change in clinical status, <20% will have
progression to endoscopic inflammation over 2–3 years. In
applying fecal calprotectin performance cutoffs to this sce-
nario, approximately 2.4%, 3.8%, and 4.8% of patients (FN
rates) with fecal calprotectin <50 mg/g, <150 mg/g, and
<250 mg/g, respectively, may be misclassified as having
endoscopic remission when they actually have endoscopi-
cally active inflammation (Table 6). In contrast, elevated
fecal calprotectin >50 mg/g, >150 mg/g, and >250 mg/g in
asymptomatic patients had significantly elevated FP rates of
26.4%, 22.4%, and 20.8%, whereby patients may be mis-
classified as having endoscopically active disease, despite
being in endoscopic remission.

Test performance in patients with Crohn’s disease with
unknown endoscopic remission status (with 45% preva-
lence of endoscopically active inflammation). In this sce-
nario, approximately 5.4%, 8.5%, and 10.8% of patients (FN
rate) with fecal calprotectin <50 mg/g, <150 mg/g, and
<250 mg/g, respectively, may be misclassified as having
endoscopic remission when they have endoscopically active
disease (Table 6). In contrast, elevated fecal calprotectin
>50 mg/g, >150 mg/g, and >250 mg/g also had high FP
rates of 18.1%, 15.4%, and 14.3%, that is, a substantial
proportion of patients with endoscopic remission may be
incorrectly classified as having endoscopic activity.

Diagnostic performance of serum C-reactive
protein. We identified 20 studies reporting on the per-
formance of CRP in this setting; most studies used a cutoff of
>5 mg/L. The sensitivity of elevated CRP to detect endo-
scopically active disease was 67% (95% CI, 54%–77%) with
a specificity of 73% (95% CI, 65%–80%) (Supplementary
Figure 6).

Known recent endoscopic remission within preceding 3
years (20% prevalence of endoscopic activity). In applying
this cutoff (elevated CRP, generally >5 mg/L), approxi-
mately 6.6% of patients would have an FN result and be
mislabeled as being in endoscopic remission while having
endoscopically active disease (Table 7). Elevated CRP (>5
mg/L) in this setting had an FP rate of 21.6%, suggesting
that nearly one-fourth of patients may be mislabeled as
having endoscopic active disease while being in remission.



Table 6.Grading of Recommendations Assessment, Development and Evaluation Evidence Profile for PICO (Patients, Intervention, Comparator, and Outcome) Question 2,
Comparing Cutoffs for Fecal Calprotectin in Patients With Crohn’s Disease Without Symptoms With Known Endoscopic Remission or With Unknown Endoscopic
Remission Statusa

Test result

No. of results per 1000 patients tested (95% CI)

Comments

Known endoscopic
remission (prevalence 20%)

Unknown endoscopic remission
status (prevalence 45%)

fCal <50 mg/g fCal <150 mg/g fCal <250 mg/g fCal <50 mg/g fCal <150 mg/g fCal <250 mg/g

TPs (patients correctly
diagnosed as having
moderate to severe
endoscopic activity)

176 (158–188) 162 (148–174) 152 (140–164) 396 (356–423) 365 (333–392) 342 (315–369) TPs would be eligible to
undergo treatment
adjustment, which may
decrease disease-
related complications
and morbidity, without
being subject to risks
and invasive testing
with endoscopy.

FNs (patients incorrectly
labeled as being in
endoscopic remission
or having only mild
endoscopic activity,
when actually they have
moderate to severe
endoscopic activity)

24 (12–42) 38 (26–52) 48 (36–60) 54 (27–94) 85 (58–117) 108 (81–135) FNs would be falsely
reassured, and may be
at higher risk of disease
complications/flare due
to undertreatment.

GRADE certainty of
evidence

MODERATEb LOWb,c LOWb,c LOWb,c VERY LOWb,d VERY LOWb,d

TNs (patients correctly
diagnosed as being in
endoscopic remission
or having only mild
endoscopic activity)

536 (408–640) 576 (488–648) 592 (536–640) 369 (281–440) 396 (336–446) 407 (369–440) TNs would be reassured
and obviate the need
for invasive testing with
endoscopy, although
they may need to
undergo serial
assessment of
biomarker at periodic
intervals.
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Table 6.Continued

Test result

No. of results per 1000 patients tested (95% CI)

Comments

Known endoscopic
remission (prevalence 20%)

Unknown endoscopic remission
status (prevalence 45%)

fCal <50 mg/g fCal <150 mg/g fCal <250 mg/g fCal <50 mg/g fCal <150 mg/g fCal <250 mg/g

FPs (patients incorrectly
labeled as having
moderate to severe
endoscopic activity,
when actually they are
in endoscopic
remission or have only
mild endoscopic
activity)

264 (160–392) 224 (152– 312) 208 (160–264) 181 (110–269) 154 (104–214) 143 (110–181) FPs may receive
unnecessary testing
(endoscopy) and/or
treatment adjustment,
and have avoidable
anxiety, potential
testing- or treatment-
related complications
and excessive resource
utilization.

GRADE certainty of
evidence

VERY LOWb,e VERY LOWb,e VERY LOWb,e VERY LOWb,e VERY LOWb,e VERY LOWb,e
—

fCal, fecal calprotectin.
aPopulation/setting: Adults with CD in symptomatic remission on stable maintenance therapy, with known endoscopic remission asymptomatic þ known endoscopic
remission in preceding 2–3 y, without change in clinical status and on stable therapy with observed prevalence of active disease of 20%; with unknown endoscopic
remission status (asymptomatic þ unknown endoscopic remission status in preceding 2–3 y) with observed prevalence of endoscopically active disease of 45%. Pooled
sensitivity/specificity fCal with cutoff <50 mg/g: sensitivity, 88% (95% CI, 79%–94%); specificity, 67% (95% CI, 51%–80%), 16 studies. Pooled sensitivity/specificity fCal
with cutoff <150 mg/g: sensitivity, 81% (95% CI, 74%–87%); specificity, 72% (95% CI, 61%–81%), 13 studies. Pooled sensitivity/specificity fCal with cutoff <250 mg/g:
sensitivity, 76% (9% CI, 70%–82%); specificity, 74% (95% CI, 67%–80%), 14 studies. Reference test: colonoscopy.
bHigh unexplained heterogeneity, selective inclusion of studies reporting cutoffs.
cSerious imprecision because 95% CI crosses maximal tolerable FN threshold of <5%.
dVery serious imprecision because point estimate and 95% CI are higher than maximal tolerable FN threshold.
eVery serious imprecision because point estimate is higher than maximal tolerable FP threshold.
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Table 7.Grading of Recommendations Assessment, Development and Evaluation Evidence Profile for PICO (Patients,
Intervention, Comparator, and Outcome) Question 2, Comparing Cutoffs for Serum C-Reactive Protein in Patients
With Crohn’s Disease Without Symptoms With Known Endoscopic Remission or With Unknown Endoscopic
Remission Statusa

Test result

No. of results per 1000 patients tested (95% CI)

Comments

Known endoscopic
remission (prevalence 20%)

Unknown endoscopic remission
status (prevalence 45%)

Normal CRP Normal CRP

TPs (patients correctly diagnosed
as having moderate to severe
endoscopic activity)

134 (108–154) 302 (243–347) TPs would be eligible to undergo
treatment adjustment, which
may decrease disease-related
complications and morbidity,
without being subject to risks
and invasive testing with
endoscopy.

FNs (patients incorrectly labeled
as being in endoscopic
remission or having only mild
endoscopic activity, when
actually they have moderate to
severe endoscopic activity)

66 (46–92) 148 (103–207) FNs would be falsely reassured,
and may be at higher risk of
disease complications/flare
due to undertreatment.

GRADE Certainty of evidence LOWb,c VERY LOWb,d

TNs (patients correctly diagnosed
as being in endoscopic
remission or having only mild
endoscopic activity)

584 (520–640) 402 (358–440) TNs would be reassured and
obviate the need for invasive
testing with endoscopy,
although they may need to
undergo serial assessment of
biomarker at periodic intervals.

FPs (patients incorrectly labeled
as having moderate to severe
endoscopic activity, when
actually they are in endoscopic
remission or have only mild
endoscopic activity)

216 (160–280) 148 (110–192) FPs may receive unnecessary
testing (endoscopy) and/or
treatment adjustment, and
have avoidable anxiety,
potential testing- or treatment-
related complications and
excessive resource utilization.

GRADE certainty of evidence VERY LOWb,e VERY LOWb,e

aPopulation/setting: adults with CD in symptomatic remission on stable maintenance therapy, with known endoscopic
remission asymptomatic þ known endoscopic remission in preceding 2–3 y, without change in clinical status and on stable
therapy) with observed prevalence of active disease of 20%; with unknown endoscopic remission status (asymptomatic þ
unknown endoscopic remission status in preceding 2–3 y) with observed prevalence of endoscopically active disease of 45%.
Pooled sensitivity of CRP <5 mg/L, 66.7% (95% CI, 54.4–77.1), 20 studies. Pooled specificity of CRP <5 mg/L, 73.1% (95%
CI, 64.7–80.1), 20 studies. Reference test: colonoscopy.
bHigh unexplained heterogeneity, selective inclusion of studies reporting cutoffs.
cSerious imprecision because 95% CI crosses maximal tolerable FN threshold of <5%.
dVery serious imprecision because point estimate and 95% CI are higher than maximal tolerable FN threshold.
eVery serious imprecision because point estimate and 95% CI are higher than maximal tolerable FP threshold.
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Unknown endoscopic remission or endoscopic remission
confirmation more than 3 years ago (45% prevalence of
endoscopically active inflammation). In this scenario,
14.8% of patients would have an FN result and be mis-
labeled as being in remission while having endoscopically
active disease. A similar proportion (14.8%) would have an
FP result and be wrongly characterized as having endo-
scopically active disease while in remission.
Certainty of Evidence
There was no direct evidence comparing how different

biomarker cutoffs and accompanying treatment decisions
impact downstream patient-important outcomes. However,
we did not rate down for indirectness because the presence
of endoscopic activity is a close surrogate for unfavorable
patient outcomes, and an indication for treatment
adjustment.
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Fecal calprotectin. There was moderate certainty of
evidence supporting the use of fecal calprotectin cutoffs of
<50 mg/g (evidence rated down for inconsistency due to
selective inclusion of studies reporting specific cutoffs and
high heterogeneity for summary sensitivity and specificity),
and low certainty of evidence supporting the use of fecal
calprotectin cutoffs of <150 mg/g and <250 mg/g (evidence
rated down for inconsistency and imprecision because 95%
CI exceeded the maximal tolerable FN rate of 5%) to rule
out endoscopic inflammation in patients with known
endoscopic remission. In patients with unknown endoscopic
remission status, the corresponding certainty of evidence is
low for calprotectin <50 mg/g and very low for cutoffs of
<150 mg/g and <250 mg/g (evidence rated down for het-
erogeneity and very serious imprecision because both the
point estimate and 95% CI are higher than FN threshold of
5%). In patients with CD in symptomatic remission, either
with known endoscopic remission or unknown endoscopic
remission status, there was very low certainty of evidence
supporting the use of any proposed cutoff of elevated fecal
calprotectin to rule in endoscopic inflammation, due to un-
acceptably high rates of FP (very serious imprecision) and
inconsistency.

Serum C-reactive protein. There was low certainty
of evidence supporting the use of CRP <5 mg/L to rule out
endoscopic inflammation in patients with CD in symptom-
atic remission and with known endoscopic remission. Evi-
dence was rated down for inconsistency due to selective
reporting of cutoffs in studies optimized for best perfor-
mance and high heterogeneity for summary sensitivity and
specificity, and for serious imprecision because 95% CI
exceeded the maximal tolerable FN rate of 5%. In patients
in whom endoscopic remission status was unknown, evi-
dence supporting the use of CRP <5 mg/L to rule out
endoscopic inflammation was very low due to unacceptably
high rates of FN (very serious imprecision) and inconsis-
tency. In both endoscopic remission scenarios, there was
very low certainty of evidence supporting the use of
elevated CRP to rule in endoscopic inflammation, due to
unacceptably high rates of FP (very serious imprecision)
and inconsistency.
Rationale
For the appropriate use of biomarkers in the assessment

of patients with CD, patients and health care providers
should incorporate both test performance and the down-
stream consequence of FP and FN rates. The panel
acknowledged that there may be instances when patients
and providers may be willing to accept higher (>5%) FN
rates, depending on the downstream consequences. For ease
of implementation in clinical practice and for consistency
with UC guidelines,15 the guideline panel preferred choosing
a single fecal calprotectin cutoff (<150 mg/g) that is appli-
cable to multiple scenarios. However, there may be specific
clinical situations when a higher or lower cutoff may have
an acceptable performance, such as cutoff of fecal calpro-
tectin <250 mg/g in asymptomatic patients with known
endoscopic remission. Conceivably, in patients with small
bowel–dominant CD, where correlation between symptoms
and endoscopic activity is less strong and performance of
fecal calprotectin may be modestly lower, lower fecal cal-
protectin thresholds, such as <150 mg/g or <50 mg/g, may
yield lower FN rates.

There were limited data regarding the predictive value
of serially measured biomarkers. In asymptomatic patients
with elevated biomarkers, the FP rate for elevated fecal
calprotectin or CRP was sufficiently high that the panel
recommended endoscopic assessment before treatment
adjustment to minimize likelihood of overtreatment. How-
ever, in this clinical scenario, the panel also recognized that
it may be reasonable, in some patients, to consider serial
monitoring of biomarkers and determine the trajectory of
elevation as a factor in informing downstream actions.
There were also insufficient data to inform examination of
combinations of biomarkers. For example, does the pres-
ence of an elevated fecal calprotectin and an elevated CRP
increase the likelihood of endoscopically active disease
beyond elevation of either biomarker alone? In general, the
sensitivity of fecal calprotectin was greater when compared
with CRP. However, CRP may be more readily measured and
integrated into routine clinical practice.
Patients With Symptomatically Active
Crohn’s Disease

Question 3: In patients with symptomatically active CD, is
an evaluation strategy that combines biomarkers and
symptoms superior to symptom-based evaluation for
making treatment adjustments?

Recommendation 5: In patients with
symptomatically active CD, the AGA suggests a
biomarker-based assessment and treatment
adjustment strategy, rather than relying on
symptoms alone. (Conditional recommendation,
moderate certainty in evidence)

Comment: Patients who place a higher value on
avoiding the burden of biomarker testing, over a
potentially higher risk of over- or undertreatment if
relying only on symptoms, may consider choosing
interval symptom-based treatment adjustment when
being treated for active symptoms.

Implementation considerations:

� Interval biomarker assessment and treatment adjust-
ment may be performed every 2–4 months in patients
being treated for active symptoms.

� After resolution of symptoms (and normalization of
biomarkers), endoscopic (and/or radiologic) evalua-
tion should be performed to rule out active inflam-
mation, typically 6–12 months after treatment
initiation or adjustment. The patient may then transi-
tion to guidance for patients in symptomatic
remission.
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Summary of the Evidence
A biomarker-based evaluation strategy involves checking

noninvasive biomarkers of inflammation in patients with
symptomatically active CD to informongoingmanagement; in
contrast, symptom-based evaluation would involve treat-
ment decisions being based solely on symptoms. One RCT, the
CALM study, directly compared a biomarker-based evalua-
tion strategy with symptom-based evaluation for patients
with symptomatically active CD14 (Table 8). In this multi-
center, open-label RCT, Colombel et al14 recruited adults with
moderate to severely active nonstricturing, nonpenetrating
CD, who were naïve to immune-suppressive therapy other
than prednisone, and had endoscopic and biochemical evi-
dence of inflammation. All patients were treated with pred-
nisone and randomized after 9 weeks to “tight control,” in
which treatment escalation (initiation and subsequent esca-
lation of adalimumab) was based on fecal calprotectin >250
mg/g and/or CRP >5 mg/L and/or symptoms suggestive of
CD, vs “clinical management,” in which treatment escalation
was based on symptoms alone and was assessed every 12
weeks. Of the 244 included patients, more patients in the tight
control group than in the clinical management group (37% vs
23%) achieved deep remission (defined as clinical remission
[CDAI <150], endoscopic remission [CDEIS <4 and no deep
ulcers], absence of draining fistula, and discontinuation of
corticosteroids for 8 weeks or more) by 48 weeks.

Benefits and Harms (Downsides)
Symptom-based evaluation strategy. Potential

benefit of a symptom-based monitoring strategy is the
convenience of relying only on patient-reported outcomes,
cost, and faster decision making. However, potential harms
related to relying only on symptoms for treatment decisions
are higher rates of inappropriate treatment adjustments or
overtreatment and treatment-related complications;
approximately 20%–35% of patients with gastrointestinal
symptoms suggestive of CD may be in endoscopic remission.

Biomarker-based evaluation strategy. The poten-
tial benefits of a biomarker-based evaluation strategy
include more accurate detection of inflammation than
symptoms alone, to facilitate optimal treatment decisions
and treatment escalation in patients with persistently
elevated biomarkers, while simultaneously avoiding over-
treatment. Potential harms of a biomarker-based evaluation
strategy are the costs and inconvenience of sample collec-
tion, particularly stool-based tests, and potential delays in
treatment that can happen due to the extra step of test
completion and awaiting results.

Certainty of Evidence
From the CALM RCT, there was moderate certainty evi-

dence supporting the use of biomarker-based evaluation
strategy in patientswith symptomatically active CD; evidence
was rated down for imprecision due to low event rate.

Rationale
Using the GRADE Evidence-to-Decision framework, the

guideline panel conditionally recommended in favor of a
strategy that combines biomarkers and symptoms
compared with symptom-based evaluation alone in patients
with symptomatically active CD. The panel recognized that
adding the extra step of biomarker testing in patients with
symptomatically active CD may potentially delay treatment
adjustments for patients, particularly those with limited
access to health care resources. The panel recognized the
value of shared decision making in these patients; some
patients, particularly those with severe symptoms, who
place high value on avoiding the burden of biomarker
testing, may reasonably choose symptom-based evaluation
for treatment decisions, acknowledging the potentially
higher risk of inappropriate overtreatment with symptom-
based evaluation alone. This may be particularly true if
treatment decisions are considered low risk by the treating
provider–patient team.

In the CALM RCT, interval biomarker assessment was
performed every 3 months in patients with symptomatically
active CD. The optimal management strategy in case of
discrepancy between symptoms and biomarkers is unclear.
In patients with typical symptoms suggestive of CD, normal
biomarkers may not exclude lack of active inflammation,
and endoscopic assessment may be a preferred approach. A
subset of patients who were symptomatically active, and
now have resolving symptoms on therapy, but have
persistently elevated biomarkers, likely have ongoing
inflammation. Treatment adjustments in response to
elevated biomarkers are acceptable in this scenario. In this
treat-to-target strategy in which symptoms and biomarkers
normalize with iterative treatment adjustments in response
to biomarker-based monitoring, endoscopic confirmation of
remission is warranted to facilitate ongoing biomarker-
based monitoring in asymptomatic patients, as recom-
mended above.

Question 4: In patients with symptomatically active CD,
at what fecal calprotectin, serum CRP, and Endoscopic
Healing Index cutoffs can we accurately diagnose active
inflammation, obviating routine endoscopic assessment?

Recommendation 6: In patients with CD with mild
symptoms and elevated biomarkers of inflammation
(fecal calprotectin >150 mg/g, CRP >5 mg/L), the
AGA suggests endoscopic assessment of disease
activity rather than empiric treatment adjustment.
(Conditional recommendation, very low certainty in
evidence)

Implementation consideration:
� Lack of normalization of biomarkers (or persistently
elevated biomarkers) in patients whose symptoms
partially improve after initial treatment of active CD,
likely suggests active inflammation, and may war-
rant treatment adjustment, without need for endo-
scopic (or radiologic) evaluation.

Recommendation 7: In patients with CD with mild
symptoms and normal biomarkers of inflammation
(fecal calprotectin <150 mg/g, CRP <5 mg/L), the
AGA suggests endoscopic assessment of disease



Table 8.Grading of Recommendations Assessment, Development and Evaluation Evidence Profile for PICO (Patients,
Intervention, Comparator, and Outcome) Question 3, Comparing Outcomes With Interval Biomarker-Based
Monitoring vs Symptom-Based Monitoring to Improve Long-Term Outcomes in Patients With Symptomatically Active
Crohn’s Diseasea

Outcome
No. of participants
(studies)

Biomarker þ symptom– vs symptom-based treatment
adjustments in patients with symptomatic CD

Relative effect
(95% CI)

Anticipated absolute effects (95% CI)

QualitySymptoms only
Symptoms þ
biomarker Difference

Risk of achieving clinical
and endoscopic
remission at 12 mo

244 (1 RCT)

RR 1.61 (1.08–2.40) Deep remission rate, % ⨁⨁⨁�
MODERATEb

23 37.0 (24.8–55.1) 14.0 more (1.8 more to 32.1 more)

RR, relative risk.
aPatient or population: patients with symptomatically active CD. Setting: RCT. Intervention: treatment adjustment based on
symptoms and/or biomarker elevation. Comparison: treatment adjustment based only on symptoms.
bImprecision due to low event rate (73/244 achieved positive outcome; <200 events).
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activity rather than empiric treatment adjustment.
(Conditional recommendation, very low certainty in
evidence)

Recommendation 8: In patients with CD with
moderate to severe symptoms, the AGA suggests
using fecal calprotectin >150 mg/g or CRP >5 mg/L
to rule in active inflammation and inform treatment
adjustment and avoid routine endoscopic
assessment of disease activity. (Conditional
recommendation, low to moderate certainty in
evidence)

Recommendation 9: In patients with CD with
moderate to severe symptoms with normal
biomarkers of inflammation (fecal calprotectin <150
mg/g, CRP <5 mg/L), the AGA suggests endoscopic
assessment of disease activity rather than empiric
treatment adjustment. (Conditional recommendation,
low certainty in evidence)
Summary of the Evidence
Diagnostic performance of fecal calpro-

tectin. Summary sensitivity and specificity of fecal calpro-
tectin for detecting endoscopic inflammation is reported in
Question 2.

High pretest probability scenario (patients with mod-
erate to severe symptoms suggestive of CD flare [PRO2
>13 or PRO3 >21], with 80% prevalence of inflamma-
tion). In applying these fecal calprotectin cutoffs in high
pretest probability scenarios, approximately 6.6%, 5.6%,
and 5.2% patients (FP rate) with fecal calprotectin >50 mg/
g, >150 mg/g, and >250 mg/g, respectively, may be mis-
classified as having endoscopic activity when actually these
patients are in endoscopic remission (Table 9). In contrast,
fecal calprotectin <50 mg/g, <150 mg/g, and <250 mg/g in
this high pretest probability scenario, had significantly high
rates of being FN (9.6%, 15.2%, and 19.2%, respectively),
that is, a significant proportion of symptomatic patients with
fecal calprotectin below thresholds who have endoscopic
activity, may be incorrectly classified as being in endoscopic
remission.

Intermediate pretest probability scenario (patients
with mild symptoms of CD [PRO2 score 8–13 or PRO3
score 13–21], with 65% prevalence of endoscopic inflam-
mation). In an intermediate pretest probability scenario,
approximately 11.5%, 9.8%, and 9.1% of patients (FP rate)
with fecal calprotectin >50 mg/g, >150 mg/g, and >250 mg/
g, respectively, may be misclassified as having endoscopic
activity when they are actually in endoscopic remission
(Table 9). In addition, fecal calprotectin <50 mg/g, <150
mg/g, and <250 mg/g in this intermediate pretest proba-
bility scenario had high rates of being FN (7.8%, 12.3%, and
15.6%, respectively), that is, a substantial proportion of
mildly symptomatic patients who have endoscopic activity
may be incorrectly classified as being in endoscopic
remission.

Diagnostic performance of serum C-reactive pro-
tein. Summary sensitivity and specificity of serum CRP for
detecting active endoscopic inflammation is reported in
Question 2.

High pretest probability scenario (patients with mod-
erate to severe symptoms suggestive of CD flare [PRO2
>13 or PRO3 >21], with 80% prevalence of inflamma-
tion). In applying this cutoff (elevated CRP, generally >5
mg/L) to a high pretest probability scenario, only
approximately 5.4% patients (FP rate) with elevated CRP
may be misclassified as having endoscopic activity while
in endoscopic remission (Table 10). In contrast, normal
CRP (<5 mg/L) had significantly high rates of being FN
(26.4%), that is, a high proportion of symptomatic pa-
tients with normal CRP who have endoscopic activity may
be incorrectly classified as being in endoscopic remission.

Intermediate pretest probability scenario (patients
with mild symptoms of CD [PRO2 score 8–13 or PRO3
score 13–21], with 65% prevalence of endoscopic inflam-
mation). In an intermediate pretest probability scenario, FP



Table 9.Grading of Recommendations Assessment, Development and Evaluation Evidence Profile for PICO (Patients, Intervention, Comparator, and Outcome) Question 4,
Comparing Cutoffs for Fecal Calprotectin in Patients With Symptomatically Active Crohn’s Diseasea

Test result

No. of results per 1000 patients tested (95% CI)

Comments

Mild symptoms (prevalence 65%) Moderate to severe symptoms (prevalence 80%)

fCal >50 mg/g fCal >150 mg/g fCal>250 mg/g fCal >50 mg/g fCal >150 mg/g fCal >250 mg/g

TPs (patients correctly diagnosed
as having endoscopic activity)

572 (514–611) 527 (481–566) 494 (455–533) 704 (632–752) 648 (592–696) 608 (560–656) TPs would be eligible to undergo
treatment adjustment, which
may decrease disease-related
complications and morbidity,
without being subject to risks
and invasive testing with
endoscopy.

FNs (patients incorrectly labeled
as being in endoscopic
remission, when actually they
have endoscopic activity)

78 (39–136) 123 (84–169) 156 (117–195) 96 (48–168) 152 (104–208) 192 (144–240) FNs may be falsely reassured,
undertreated, or mistreated (as
not having CD flare),
potentially leading to
increased disease-related
complications and morbidity.

GRADE certainty of evidence LOWb,c VERY LOWb,d VERY LOWb,d LOW b,c VERY LOWb,d VERY LOWb,d

TNs (patients correctly diagnosed
as being in endoscopic
remission)

235 (179–280) 252 (214–284) 259 (235–280) 134 (102–160) 144 (122–162) 148 (134–160) TNs would be reassured and
obviate the need for invasive
testing with endoscopy,
although they may need to
undergo serial assessment of
biomarker at periodic intervals.

FPs (patients incorrectly labeled
as having endoscopic activity)

115 (70–171) 98 (66–136) 91 (70–115) 66 (40–98) 56 (38–78) 52 (40–66) FPs may undergo unnecessary
treatment adjustment and
have treatment-related
complications.

GRADE certainty of evidence VERY LOWb,e VERY LOWb,e VERY LOWb,e LOWb,c LOWb,c LOWb,c

fCal, fecal calprotectin.
aPopulation/setting: adults with CD with symptoms suggestive of active CD, mild symptoms (PRO2 8–13, or PRO3 13–21) with observed prevalence of endoscopically
active disease of 65%; moderate to severe symptoms (PRO2 >13 or PRO3 >21) with observed prevalence of endoscopically active disease of 80%. Pooled sensitivity/
specificity fCal with cutoff <50 mg/g: sensitivity, 88% (95% CI, 79%–94%); specificity, 67% (95% CI, 51%–80%), 16 studies. Pooled sensitivity/specificity fCal with cutoff
<150 mg/g: sensitivity, 81% (95% CI, 74%-87%); specificity, 72% (95% CI, 61%–81%), 13 studies. Pooled sensitivity/specificity fCal with cutoff <250 mg/g: sensitivity,
76% (9% CI, 70%–82%); specificity, 74% (95% CI, 67%–80%), 14 studies. Reference test: colonoscopy.
bHigh unexplained heterogeneity, selective inclusion of studies reporting cutoffs.
cSerious imprecision because 95% CI crosses maximal tolerable FN threshold of <5%.
dVery serious imprecision because point estimate and 95% CI are higher than maximal tolerable FN threshold.
eVery serious imprecision because point estimate is higher than maximal tolerable FP threshold.
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Table 10.Grading of Recommendations Assessment, Development and Evaluation Evidence Profile for PICO (Patients,
Intervention, Comparator, and Outcome) Question 4, Comparing Cutoffs for Serum C-Reactive Protein in Patients
With Symptomatically Active Crohn’s Diseasea

Test result

No. of results per 1000 patients tested (95% CI)

Comments

Mild symptoms
(prevalence 65%)

Moderate-severe
symptoms (prevalence 80%)

Elevated CRP Elevated CRP

TPs (patients correctly diagnosed
as having moderate to severe
endoscopic activity)

436 (351–501) 536 (432–616) TPs would be eligible to undergo
treatment adjustment, which
may decrease disease-related
complications and morbidity,
without being subject to risks
and invasive testing with
endoscopy.

FNs (patients incorrectly labeled
as being in endoscopic
remission or having only mild
endoscopic activity, when
actually they have moderate to
severe endoscopic activity)

214 (149–299) 264 (184–368) FNs may be falsely reassured,
undertreated, or mistreated (as
not having CD flare),
potentially leading to
increased disease-related
complications and morbidity.

GRADE certainty of evidence VERY LOWb,c VERY LOWb,c

TNs (patients correctly diagnosed
as being in endoscopic
remission or having only mild
endoscopic activity)

256 (227–280) 146 (130–160) TNs would be reassured and
obviate the need for invasive
testing with endoscopy,
although they may need to
undergo serial assessment of
biomarker at periodic intervals.

FPs (patients incorrectly labeled
as having moderate to severe
endoscopic activity, when
actually they are in endoscopic
remission or have only mild
endoscopic activity)

94 (70–123) 54 (40–70) FPs may undergo unnecessary
treatment adjustment and
have treatment-related
complications.

GRADE certainty of evidence VERY LOWb,d LOWb,e
—

aPopulation/setting: adults with CD with symptoms suggestive of active CD, mild symptoms (PRO2 8–13, or PRO3 13–21) with
observed prevalence of endoscopically active disease of 65%; moderate to severe symptoms (PRO2 >13 or PRO3 >21) with
observed prevalence of endoscopically active disease of 80%. Pooled sensitivity of CRP <5 mg/L, 66.7% (95% CI, 54.4%–

77.1%), 20 studies. Pooled specificity of CRP <5 mg/L, 73.1% (95% CI, 64.7%–80.1%), 20 studies. Reference test:
colonoscopy.
bSerious inconsistency due to high unexplained for summary sensitivity/specificity, inconsistent reporting by location.
cVery serious imprecision because point estimate is higher than maximal tolerable FN threshold.
dVery serious imprecision because point estimate is higher than maximal tolerable FP threshold.
eSerious imprecision because 95% CI crosses maximal tolerable FP threshold of <5%.
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rate of elevated CRP was 9.4% and FN rate of normal CRP
was 21.4% (Table 10), that is, a high proportion of symp-
tomatic patients who have endoscopic activity may be
incorrectly classified as being in endoscopic remission.
Certainty of Evidence
Even though there were no direct data comparing how

different biomarker cutoffs and accompanying treatment
decisions impact downstream patient-important outcomes,
wedid not rate down for indirectness because the presence of
endoscopic activity is a close surrogate for unfavorable pa-
tient outcomes and an indication for treatment adjustment.

Fecal calprotectin. There was low certainty of evi-
dence supporting the use of any proposed fecal calprotectin
cutoff to rule in endoscopic inflammation in a high pretest
probability setting (evidence rated down for inconsistency
due to selective inclusion of studies reporting specific cutoffs
and high heterogeneity for summary sensitivity and specificity
and imprecision because 95% CI exceeded the maximal
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tolerable FP rate of 5%). In contrast, in the intermediate
probability scenario of patients with mild symptoms, there
was very low certainty of evidence supporting the use of any
proposed fecal calprotectin cutoff to rule in endoscopic
inflammation due to unacceptably high rates of FP (incon-
sistency and very serious imprecision because both the point
estimate and 95% CI are higher than FP threshold of 5%).
Similarly, in both the high and intermediate probability sce-
narios, there was very low certainty of evidence supporting
the use of fecal calprotectin <150 mg/g or <250 mg/g as
cutoffs to rule out endoscopic inflammation, due to unac-
ceptably high rates of FN (very serious imprecision) and
inconsistency. However, the fecal calprotectin cutoff of <50
mg/g performed slightly better, although it still was rated low
certainty of evidence (inconsistency and imprecision because
95% CI exceeded the maximal tolerable FN rate of 5%).

Serum C-reactive protein. There was low certainty
of evidence supporting the use of elevated CRP to rule in
endoscopic inflammation in the high pretest probability
setting. Evidence was rated down for inconsistency due to
selective inclusion of studies reporting specific cutoffs and
high heterogeneity for summary sensitivity and specificity,
and imprecision because 95% CI exceeded the maximal
tolerable FP rate of 5%. In an intermediate pretest prob-
ability scenario, the certainty of evidence was very low for
ruling out endoscopic inflammation (inconsistency and
very serious imprecision because both the point estimate
and 95% CI were higher than FP threshold of 5%). In
contrast, in both the intermediate and high probability
scenario, there was very low certainty of evidence sup-
porting the use of normal serum CRP to rule out endo-
scopic inflammation (inconsistency and very serious
imprecision).
Rationale
The guideline panel determined a priori the maximal

tolerable FP thresholds at 5% for patients with symp-
tomatically active CD. However, the panel deemed that
there may be circumstances when patients and providers
may be willing to accept higher rates of FP, depending on
risk of downstream consequences, including the nature of
treatment adjustment. Thus, the panel promotes shared
decision making with conditional recommendations. For
example, while endoscopic evaluation would be warranted
for most patients with mild symptoms, decisions based on
elevated biomarkers may be acceptable if there are logis-
tical delays in obtaining endoscopic evaluation and if pa-
tients and providers are willing to accept negative
consequences associated with low-risk treatment
adjustments.

As noted earlier, for ease of implementation in clinical
practice, the guideline panel felt that choosing a single fecal
calprotectin cutoff (>150 mg/g) that is broadly applicable
across a wide range of clinical scenarios is preferable, rather
than reporting different cutoffs for different scenarios.
Higher fecal calprotectin cutoffs may have modestly lower
rates of FP with modest improvement in confidence of de-
cision making.
Postoperative Management of Crohn’s
Disease

Question 5: In patients with CD in surgically induced
remission, at what fecal calprotectin, serum CRP, and
Endoscopic Healing Index cutoffs can we accurately
rule out postoperative endoscopic recurrence, obviating
routine endoscopic assessment?

Recommendation 10: In asymptomatic patients
with CD after surgically induced remission within the
past 12 months, who are at low risk of postoperative
recurrence or who have 1 or more risk factors for
recurrence but are on postoperative pharmacologic
prophylaxis, the AGA suggests using fecal
calprotectin <50 mg/g to avoid routine endoscopic
assessment of disease activity. (Conditional
recommendation, moderate certainty in evidence)

Comment: Patients, particularly those with multiple
prior surgeries, and/or with failure of multiple advanced
therapies before surgery, who value more accurate
assessment of endoscopic recurrence over the
inconvenience and costs of colonoscopy, may
reasonably choose endoscopic assessment of disease
activity within 12 months after surgery.

Recommendation 11: In asymptomatic patients with
CD after surgically induced remission within the past 12
months, who are at high baseline risk of recurrence and
are not receiving postoperative pharmacologic
prophylaxis, the AGA suggests endoscopic evaluation,
rather than relying solely on biomarkers, for assessing
endoscopic recurrence. (Conditional recommendation,
low to moderate certainty in evidence)

Implementation considerations:

� Risk stratification schemes to classify patient’s risk of
endoscopic recurrence after surgically induced remis-
sion are not well-defined. Risk factors typically asso-
ciated with low risk of recurrence 6–12 months after
surgically induced remission include older age at
surgery (older than 50 years), nonsmoking, long-
standing disease (more than 10 years), and first sur-
gery for a short segment of fibrostenotic disease (<10–
20 cm).31–33 Risk factors typically associated with high
risk of recurrence 6–12months after surgically induced
remission include 2 or more prior surgeries, pene-
trating or perianal disease, smoking, young age at sur-
gery, with long segment of small bowel resection;
however, these risk factors may not be additive.

� In patients at low baseline risk of recurrence, who are
also receiving postoperative pharmacologic prophy-
laxis, fecal calprotectin <150 mg/g may also rule out
endoscopic recurrence.

� Normal CRP in patients with asymptomatic CD in
surgically induced remission is not able to rule out
endoscopic recurrence accurately.
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� There are limited data on ongoing biomarker moni-
toring alone in patients with CD in surgically induced
remission. Colonoscopic evaluation may be warranted
beyond 12 months after surgery in patients when
biomarker-based monitoring is being pursued.

Summary of the Evidence
Diagnostic performance of fecal calprotectin. We

conducted a systematic review to identify cross-sectional
and cohort studies in patients with established CD in sur-
gically induced remission reported the diagnostic accuracy
of fecal calprotectin for detecting endoscopic recurrence
with active inflammation reported as Rutgeerts score i2 or
higher in most studies. To minimize bias due to selective
reporting of optimized cutoffs, we included only studies that
reported diagnostic accuracy of preselected fecal calpro-
tectin cutoffs or reported the performance across 2 or more
predetermined cutoffs. Overall, 22 cohorts met these
criteria. Using this approach, the sensitivity and specificity
of fecal calprotectin cutoff of 50 ± 50 mg/g were 86% (95%
CI, 75%–93%) and 50% (95% CI, 34%–66%), respectively,
based on 11 cohorts; corresponding sensitivity and speci-
ficity of 150 ± 50 mg/g cutoff (6 cohorts) were 64% (95%
CI, 51%–75%) and 71% (95% CI, 63%–77%), respectively,
and of 250 ± 50 mg/g cutoff (6 cohorts) were 52% (95% CI,
40%–64%) and 79% (95% CI, 66%–88%), respectively
(Supplementary Figure 7).

Low pretest probability scenario (low baseline risk of
endoscopic recurrence, on pharmacologic prophylaxis af-
ter surgery, estimated 10% prevalence of endoscopic
recurrence). In applying fecal calprotectin diagnostic cut-
offs to this low pretest probability scenario, approximately
1.4%, 3.6%, and 4.8% patients (FN rate) with fecal calpro-
tectin <50 mg/g, <150 mg/g, and <250 mg/g, respectively,
may be misclassified as being in endoscopic remission
(Rutgeerts score i0 or i1) when they actually have endo-
scopic recurrence (Rutgeerts score i2 or higher) (Table 11).
In contrast, elevated fecal calprotectin >50 mg/g, >150 mg/
g, and >250 mg/g in this low pretest probability scenario
had significantly high rates of being FP (45.0%, 26.1%, and
18.9%, respectively), that is, a significant proportion of pa-
tients who are in endoscopic remission may be incorrectly
classified as having endoscopic recurrence (Supplementary
Figure 8).

Intermediate pretest probability scenario (asymptom-
atic patients with high baseline risk of endoscopic recur-
rence who are receiving postoperative prophylaxis or
patients with low baseline risk of endoscopic recurrence
who are not receiving pharmacologic prophylaxis, esti-
mated 30% prevalence of endoscopic recurrence). In this
intermediate pretest probability scenario, approximately
4.2%, 10.8%, and 14.4% patients (FN rate) with fecal cal-
protectin <50 mg/g, <150 mg/g, and <250 mg/g, respec-
tively, may be misclassified as being in endoscopic
remission when they actually have endoscopic recurrence
(Table 11). In contrast, elevated fecal calprotectin >50 mg/g,
>150 mg/g, and >250 mg/g in this intermediate pretest
probability scenario, had significantly high rates of being FP
(35.0%, 20.3%, and 14.7%, respectively), that is, a signifi-
cant proportion of patients who are in endoscopic remission
may be incorrectly classified as having endoscopic
recurrence.

High pretest probability scenario (asymptomatic pa-
tients with high baseline risk of endoscopic recurrence and
are not receiving postoperative pharmacologic prophy-
laxis, with estimated 60% prevalence of endoscopic
recurrence). In this high pretest probability scenario,
approximately 8.4%, 21.6%, and 28.8% of patients (FN rate)
with fecal calprotectin <50 mg/g, <150 mg/g, and <250 mg/
g, respectively, may be misclassified as being in endoscopic
remission when they actually have endoscopic recurrence
(Table 11). In contrast, elevated fecal calprotectin >50 mg/g,
>150 mg/g, and >250 mg/g in this high pretest probability
scenario had significantly high rates of being FP (20.0%,
11.6%, and 8.4%, respectively), that is, a significant pro-
portion of patients who are in endoscopic remission may be
incorrectly classified as having endoscopic recurrence.

Diagnostic performance of serum C-reactive
protein. We only relied on studies that simultaneously
reported both fecal calprotectin and CRP data. We identified
4 studies reporting the diagnostic accuracy of serum CRP for
detecting postoperative endoscopic recurrence. Most
studies reported endoscopic recurrence as Rutgeerts score
i2 or higher. Summary sensitivity and specificity of elevated
CRP for detecting endoscopic recurrence were 30% (95%
CI, 21%–40%) and 90% (95% CI, 84%–94%).

Low pretest probability scenario (patients with low
baseline risk who are receiving pharmacologic prophy-
laxis, estimated 10% prevalence of endoscopic recurren-
ce). In applying this cutoff (elevated CRP, generally >5 mg/
L) to a low pretest probability scenario, approximately 7.0%
patients (FN rate) with normal CRP (<5 mg/L) may be
misclassified as having endoscopic remission when they
actually have endoscopic recurrence (Table 12). In contrast,
elevated CRP (>5 mg/L) in this low pretest probability
scenario had moderate rates of being FP (9.0%), that is,
9.0% patients who have endoscopic remission may be
incorrectly classified as having endoscopic recurrence.

Intermediate pretest probability scenario (asymptom-
atic patients with high baseline risk of recurrence,
receiving postoperative prophylaxis or low baseline risk
patients not receiving prophylaxis, estimated 30% preva-
lence of endoscopic recurrence). In an intermediate pretest
probability scenario, approximately 21.0% of patients (FN
rate) with normal CRP (<5 mg/L) may be misclassified as
having endoscopic remission when they actually have
endoscopic recurrence (Rutgeerts score i2 or higher)
(Table 12). In contrast, elevated CRP (>5 mg/L), in this
intermediate pretest probability scenario, had moderate
rates of being FP (7.0%).

High pretest probability scenario (asymptomatic pa-
tients with high risk of recurrence not receiving post-
operative prophylaxis, with estimated 60% prevalence of
endoscopic recurrence). In a high pretest probability sce-
nario, approximately 42.0% of patients (FN rate) with
normal CRP (<5 mg/L) may be misclassified as having
endoscopic remission when they actually have endoscopic



Table 11.Grading of Recommendations Assessment, Development and Evaluation Evidence Profile for PICO (Patients, Intervention, Comparator, and Outcome) Question
5, Comparing Cutoffs for Fecal Calprotectin in Asymptomatic Patients With CD Being Followed After Surgically Induced Remissiona

Test result

No. of results per 1000 patients tested (95% CI)

Comments

Low pretest probability
(prevalence 10%)

Intermediate pretest probability
(prevalence 30%)

fCal <50 mg/g fCal <150 mg/g fCal <250 mg/g fCal <50 mg/g fCal <150 mg/g fCal <250 mg/g

TPs (patients correctly diagnosed as
having endoscopic activity)

86 (75–93) 64 (51–75) 52 (40–64) 258 (225–279) 192 (153–225) 156 (120–192) TPs would be eligible to undergo
treatment adjustment, which may
decrease disease-related
complications and morbidity,
without being subject to risks and
invasive testing with endoscopy.

FNs (patients incorrectly labeled as
being in endoscopic remission,
when actually they have
endoscopic activity)

14 (7–25) 36 (25–49) 48 (36–60) 42 (21–75) 108 (75–147) 144 (108–180) FNs would be falsely reassured and
may be at higher risk of disease
complications/ progression and
flare due to undertreatment and
missed opportunity to treat.

GRADE certainty of evidence MODERATEb MODERATEb LOWb,c LOWb,c VERY LOWb,d VERY LOWb,d

TNs (patients correctly diagnosed as
being in endoscopic remission)

450 (306–594) 639 (567–693) 711 (594–792) 350 (238–462) 497 (441–539) 553 (462–616) TNs would be reassured and obviate
the need for invasive testing with
endoscopy, although they may
need to undergo serial
assessment of biomarker at
periodic intervals.

FPs (patients incorrectly labeled as
having endoscopic activity, when
actually they are in endoscopic
remission)

450 (306–594) 261 (207–333) 189 (108–306) 350 (238–462) 203 (161–259) 147 (84–238) FPs may receive unnecessary testing
(endoscopy) and/or treatment
adjustment, and have avoidable
anxiety, potential testing- or
treatment-related complications,
and excessive resource utilization.

GRADE certainty of evidence VERY LOWb,e VERY LOWb,e VERY LOWb,e VERY LOWb,e VERY LOWb,e VERY LOWb,e
—
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No. of results per 1000 patients tested (95% CI)

High pretest probability (prevalence 60%)

fCal <50 mg/g fCal <150 mg/g fCal <250 mg/g

FNs (patients incorrectly labeled as
being in endoscopic remission,
when actually they have
endoscopic activity)

84 (42–150) 216 (150–294) 288 (216–360) FNs would be falsely reassured and
may be at higher risk of disease
complications/ progression and
flare due to undertreatment and
missed opportunity to treat.

GRADE certainty of evidence LOWb,c VERY LOWb,d VERY LOWb,d

FPs (patients incorrectly labeled as
having endoscopic activity, when
actually they are in endoscopic
remission)

200 (136–264) 116 (92–148) 84 (48–136) FPs may receive unnecessary testing
(endoscopy) and/or treatment
adjustment, and have avoidable
anxiety, potential testing- or
treatment-related complications,
and excessive resource utilization.

GRADE certainty of evidence VERY LOWb,e VERY LOWb,e VERY LOWb,e
—

aPopulation/setting: patients with CD in surgically induced remission, low pretest probability/likelihood of having endoscopic recurrence such as patients at low baseline
risk of recurrence (no high-risk features) and on postoperative prophylaxis, 10%; intermediate pretest probability/likelihood of having endoscopic recurrence such as
patients at low baseline risk of recurrence (no high-risk features), who are not on postoperative prophylaxis or patients at high baseline risk of recurrence who are receiving
postoperative prophylaxis, 30%; high pretest probability/likelihood of having endoscopic recurrence such as patients at high baseline risk of recurrence who are not
receiving postoperative prophylaxis, 60%. Pooled sensitivity/specificity fCal with cutoff <50 mg/g: sensitivity, 86% (95% CI, 75%–93%); specificity, 50% (95% CI, 34%–

66%), 11 studies. Pooled sensitivity/specificity fCal with cutoff <150 mg/g: sensitivity, 64% (95% CI, 51%–75%); specificity, 71% (95% CI, 63%–77%), 6 studies. Pooled
sensitivity/specificity fCal with cutoff <250 mg/g: sensitivity, 52% (95% CI, 40%–64%); specificity, 79% (95% CI, 66%–88%), 6 studies. Reference test: colonoscopy.
bHigh unexplained heterogeneity, selective inclusion of studies reporting cutoffs.
cSerious imprecision because 95% CI crosses maximal tolerable FN threshold of <5%.
dVery serious imprecision because point estimate and 95% CI are higher than maximal tolerable FN threshold.
eVery serious imprecision because point estimate is higher than maximal tolerable FP threshold.
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Table 12.Grading of Recommendations Assessment, Development and Evaluation Evidence Profile for PICO (Patients,
Intervention, Comparator, and Outcome) Question 5, Comparing Cutoffs for (Serum C-Reactive Protein in
Asymptomatic Patients With Crohn’s Disease Being Followed After Surgically Induced Remissiona

Test result

No. of results per 1000 patients tested (95% CI)

Comments

Normal CRP

Low pretest
probability (10%)

Intermediate pretest
probability (30%)

High pretest
probability (60%)

FNs (patients incorrectly labeled as
being in endoscopic remission,
when actually they have
endoscopic activity)

70 (60 to 79) 210 (180 to 237) 420 (360 to 474) FNs would be falsely reassured and
may be at higher risk of disease
complications/progression and
flare due to undertreatment and
missed opportunity to treat.

GRADE certainty of evidence VERY LOWb,c VERY LOWb,c VERY LOWb,c

FPs (patients incorrectly labeled as
having endoscopic activity, when
actually they are in endoscopic
remission)

90 (54 to 144) 70 (42 to 112) 40 (24 to 64) FPs may receive unnecessary testing
(endoscopy) and/or treatment
adjustment, and have avoidable
anxiety, potential testing- or
treatment-related complications,
and excessive resource utilization.

GRADE certainty of evidence VERY LOWb,d LOWb,e LOWb,e

Pooled sensitivity/specificity fecal calprotectin with cutoff <150 mg/g: sensitivity, 64% (95% CI, 51%–75%); specificity, 71%
(95% CI, 63%–77%), 6 studies. Pooled sensitivity/specificity fecal calprotectin with cutoff <250 mg/g: sensitivity, 52% (95%
CI, 40%–64%); specificity, 79% (66%–88%), 6 studies. Reference test: colonoscopy.
aPopulation/setting: patients with CD in surgically induced remission, low pretest probability/likelihood of having endoscopic
recurrence, such as patients at low baseline risk of recurrence (no high-risk features) and on postoperative prophylaxis, 10%;
intermediate pretest probability/likelihood of having endoscopic recurrence, such as patients at low baseline risk of recurrence
(no high-risk features), who are not on postoperative prophylaxis or patients at high baseline risk of recurrence who are
receiving postoperative prophylaxis, 30%; high pretest probability/likelihood of having endoscopic recurrence, such as pa-
tients at high baseline risk of recurrence who are not receiving postoperative prophylaxis, 60%. Pooled sensitivity/specificity
fecal calprotectin with cutoff <50 mg/g: sensitivity, 86% (95% CI, 75%–93%); specificity, 50% (95% CI, 34%–66%), 11
studies.
bHigh unexplained heterogeneity, selective inclusion of studies reporting cutoffs.
cVery serious imprecision because point estimate is higher than maximal tolerable FN threshold.
dVery serious imprecision because point estimate is higher than maximal tolerable FP threshold.
eSerious imprecision because 95% CI crosses maximal tolerable FP threshold of <5%.
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recurrence (Table 12). In contrast, elevated CRP (>5 mg/L),
in this high pretest probability scenario, had low rates of
being FP (4.0%).

Certainty of the Evidence
Fecal calprotectin. There was moderate certainty of

evidence supporting the use of fecal calprotectin <50 mg/g
and <150 mg/g to rule out postoperative recurrence in a
low pretest probability scenario (evidence rated down for
inconsistency due to selective inclusion of studies reporting
specific cutoffs and high heterogeneity for summary sensi-
tivity and specificity) and low certainty of evidence sup-
porting the use of fecal calprotectin <250 mg/g to rule out
postoperative recurrence in a low pretest probability sce-
nario (evidence rated down for inconsistency and impreci-
sion because 95% CI of the FN crosses the established
threshold of 5%). In contrast, in the intermediate and high
pretest probability scenarios, low certainty of evidence
supported the use of fecal calprotectin <50 mg/g
(inconsistency and imprecision), and very low certainty of
evidence supported the use of fecal calprotectin <150 mg/g
and <250 mg/g to rule out postoperative recurrence
(inconsistency and very serious imprecision because both
the point estimate and 95% CI are higher than FN threshold
of 5%).

In all probability scenarios, there was very low certainty
of evidence supporting the use of fecal calprotectin >50 mg/
g, >150 mg/g, or >250 mg/ to rule in endoscopic recurrence
in asymptomatic patients due to unacceptably high rates of
FP (very serious imprecision) and inconsistency. However,
the fecal calprotectin cutoff of >250 mg/g performed
slightly better, although it was still rated low certainty of
evidence (inconsistency and imprecision because 95% CI
exceeded the maximal tolerable FP rate of 5%).

Serum C-reactive protein. In all probability sce-
narios, there was very low certainty of evidence supporting
the use of normal CRP <5 mg/L to rule out endoscopic
recurrence in asymptomatic patients due to unacceptably
high rates of FN (very serious imprecision) and
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inconsistency. In contrast, low certainty supported the use
of elevated CRP >5 mg/L to rule in endoscopic recurrence
in asymptomatic patients in a high and intermediate pretest
probability scenario (inconsistency and imprecision because
95% CI exceeded the maximal tolerable FP rate of 5%);
there was very low certainty evidence supporting its use in
a low pretest probability scenario.
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Rationale
Using the GRADE Evidence-to-Decision framework, the

guideline panel conditionally recommended in favor of a
strategy that uses fecal calprotectin–based monitoring, us-
ing a cutoff of <50 mg/g, over routine endoscopic evaluation
to rule out postoperative recurrence in asymptomatic pa-
tients with CD after surgically induced remission within the
past 12 months and who are either receiving postoperative
pharmacologic prophylaxis or at low baseline risk of post-
operative recurrence (regardless of postoperative prophy-
laxis). In asymptomatic patients with CD after surgically
induced remission within the past 12 months, who are at
high baseline risk of recurrence, and are not receiving
postoperative pharmacologic prophylaxis, the panel condi-
tionally recommended endoscopic evaluation rather than
relying solely on biomarkers for assessing endoscopic
recurrence.

The guideline panel recognizes the challenge in clinical
practice of using a different fecal calprotectin cutoff (<50
mg/g) in the evaluation of asymptomatic patients with CD
after surgically induced remission within the past 12
months. It is worth noting that fecal calprotectin performed
well at <50 mg/g to rule out endoscopic recurrence and
active inflammation in patients at low and intermediate
baseline risk of recurrence. In patients at low baseline risk
of recurrence, who are also receiving postoperative phar-
macologic prophylaxis, fecal calprotectin <150 mg/g may
also rule out endoscopic recurrence. However, in patients at
high baseline risk of recurrence, normal fecal calprotectin
does not rule out endoscopic recurrence and an endoscopic
evaluation is recommended in these patients over
biomarker-based assessment.

In contrast to the utility of a normal fecal calprotectin
value, the test performance of elevated fecal calprotectin
was not sufficient to recommend relying only on this to
make treatment decisions in asymptomatic patients with CD
after surgically induced remission within the past 12
months, regardless of pretest probability scenarios. In this
setting, the guideline panel recommends endoscopic evalu-
ation to confirm the presence and severity of endoscopic
recurrence before treatment adjustments. The data for CRP
did not support its use (either normal or elevated value) to
determine endoscopic recurrence accurately in patients
with asymptomatic CD in surgically induced remission.

There are limited data on ongoing biomarker monitoring
alone in patients with CD in surgically induced remission.
The panel noted that, given the limited data, endoscopic
evaluation may be warranted beyond 12 months after sur-
gery in patients where biomarker-based monitoring is being
pursued. For patients with surgically induced remission
with symptoms, the panel recommends management strat-
egy outlined in Recommendations 6–9 for patients with
mild or moderate to severe symptoms.
Endoscopic Healing Index (Monitr)

Question 6: In patients with CD in symptomatic
remission, at what EHI cutoff can we accurately rule out
active inflammation, obviating routine endoscopic
assessment?

Question 7: In patients with symptomatically active CD,
at what EHI cutoff can we accurately diagnose active
inflammation, obviating routine endoscopic assessment?

Question 8: In patients with CD in surgically induced
remission, at what EHI cutoff can we accurately rule out
postoperative endoscopic recurrence, obviating routine
endoscopic assessment?

Recommendation 12: In patients with CD, the AGA
suggests neither in favor of nor against the use of
EHI (Monitr) for monitoring inflammation and
treatment decisions. (No recommendation,
Knowledge gap)
Summary of the Evidence
Diagnostic performance of Endoscopic Healing

Index in luminal Crohn’s disease. The EHI (Monitr)
measures 13 proteins in blood (ie, ANG1, ANG2, CRP, SAA1,
IL7, EMMPRIN, MMP1, MMP2, MMP3, MMP9, TGFA, CEA-
CAM1, and VCAM1) and was developed as a diagnostic test
to reflect the severity of endoscopic inflammation in CD. A
single derivation–validation study was identified that eval-
uated the test performance of EHI in 2 validation cohorts.34

The first validation cohort, TAILORIX (Tailored Treatment
With Infliximab for Active Crohn’s Disease), consisted of 116
patients with prospectively collected data, 26% of whom
were in endoscopic remission; 10% had a history of IBD
surgery. The second validation cohort included samples
prospectively collected from a tertiary referral center
(University of California San Diego); 46% had a history of
IBD surgery.

Two cutoffs were determined for evaluation of luminal
CD. A cutoff of EHI <20 was optimized to rule out active
inflammation, defined as SES-CD <3. In the TAILORIX
cohort, the sensitivity and specificity of EHI <20 were 96%
and 64%, respectively. In the University of California San
Diego cohort, the sensitivity and specificity of EHI <20 were
92% and 42%, respectively. A cutoff of EHI >50 was opti-
mized to rule in active inflammation, defined as SES-CD �3.
In the TAILORIX cohort, the sensitivity and specificity of EHI
>50 were 36% and 100%, respectively. In the University of
California San Diego cohort, the sensitivity and specificity of
EHI >50 were 35% and 91%, respectively.

With this optimized test performance, EHI <20 had very
low rates of FN in asymptomatic patients with luminal CD,
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regardless of whether patients were in known (FN 1.2%) or
unknown endoscopic remission status (FN 2.7%). In these
clinical scenarios, EHI >20 had very high rates of FP (>25%),
implying that a high proportion of asymptomatic patients in
endoscopic remission will be incorrectly classified as having
endoscopic activity when EHI >20 (Table 13). In patients
with symptomatically active CD, with mild symptoms or with
moderate to severe symptoms, EHI >50 had very low rates of
FP (<2%). In these symptomatic patients, EHI <50 had very
high rates of FN (>40%), implying that a high proportion of
symptomatic patients with endoscopically active disease will
be incorrectly classified as being in remission when EHI <50
is used as a cutoff (Table 14). Although the test cutoffs were
optimized, a large number of results of the test were in the
20–50 range, making them indeterminate.

Diagnostic performance of Endoscopic Healing
Index in postoperative Crohn’s disease. A single study
was identified evaluating the use of EHI in postoperative CD.35

This study was a secondary analysis of the POCER (Post-
operative Crohn’s Endoscopic Recurrence) trial. At 6 months,
the sensitivity and specificity of EHI <20 for endoscopic
recurrence (Rutgeerts score i2 or higher) were 82% and 50%,
respectively (Table 15). At this optimized cutoff, EHI <20 was
able to accurately rule out endoscopic recurrence (FN rate
<6%) in patients at low- and intermediate pretest probability
scenarios, including asymptomatic patients with CD after
surgically induced remission within the past 12 months and
who are either receiving postoperative pharmacologic pro-
phylaxis or at low baseline risk of postoperative recurrence
(regardless of postoperative prophylaxis).

Certainty of the Evidence
The overall body of evidence supporting the use of EHI in

different clinical scenarios was rated as very low quality due
to overall paucity of studies. Only 1 derivation and 2 accom-
panying validation studies examined the performance of EHI
in patients with luminal CD; there was only 1 study evaluating
the performance of EHI in patients with postoperative CD.
Consequently, the body of evidence was rated down for very
serious imprecision and possible reporting or publication bias.

Rationale
Using the GRADE Evidence-to-Decision framework, the

guideline panel decided to make a recommendation neither
in favor of nor against the use of the EHI test in CD. In arriving
at this recommendation, the guideline panel weighed the
performance of the test in the reported validation cohorts
against the paucity of independent data, despite the test being
commercially available since 2020. Based on this, together
with limited access and feasibility and risk of exacerbating
inequity for this proprietary test, the guideline panel opted
not to make a recommendation in favor of, or against, its use,
identifying this as a knowledge gap. The availability of more
generalizable data demonstrating high accuracy from inde-
pendent data sets in sufficiently heterogenous populations, as
well as evidence of its feasibility and cost-effectiveness rela-
tive to other widely available tests, would merit reconsider-
ation of the recommendation.
Biomarker- vs Endoscopy-Based
Monitoring Strategy in Crohn’s Disease

Question 9: In patients with established CD, is interval
biomarker-based monitoring superior to endoscopy-
based monitoring to improve long-term outcomes?

Recommendation 13: In patients with CD, the AGA
makes no recommendation in favor of, or against, a
biomarker-based monitoring strategy over an
endoscopy-based monitoring strategy to improve
long-term outcomes. (No recommendation,
Knowledge gap)

Summary of the Evidence
A biomarker-based monitoring strategy involves

routine assessment of symptoms and noninvasive bio-
markers of inflammation in patients with CD in symp-
tomatic remission to inform ongoing management. In this
situation, normalization of biomarkers is an adequate
treatment target—asymptomatic patients with normal
biomarkers would continue current management without
endoscopy, whereas those with elevated biomarkers
would undergo endoscopy. In contrast, an endoscopy-
based monitoring strategy involves routine endoscopic
assessment to confirm endoscopic remission of CD peri-
odically. Supplementary Figure 9 lays out the schematic
for proposed comparison. We did not identify any RCTs
that compared a biomarker-based monitoring strategy
with an endoscopy-based monitoring strategy. Normali-
zation of CRP and reduction of fecal calprotectin are
recognized as short-term treatment targets in managing
CD in expert consensus statements, assessed early in
treatment course. Early achievement of these biomarker
outcomes is associated with favorable longer-term out-
comes, including risk of relapse as well as likelihood of
achieving endoscopic improvement. Potential benefits of a
biomarker-based monitoring strategy are convenience and
low resource utilization due to avoidance of routine and
recurrent endoscopic assessment. Potential harms of a
biomarker-based monitoring strategy are insufficient
assessment and suboptimal performance for achieving
deeper remission end points, such as complete endoscopic
or transmural remission, which may be associated with
more favorable long-term outcomes. Hence, the guideline
panel felt there was insufficient evidence to inform be-
tween the choice of a biomarker-based monitoring strat-
egy and an endoscopy-based monitoring strategy in
patients with CD in symptomatic remission. This was
identified as a knowledge gap that warrants further study.
Limitations of Current Evidence and Future
Directions

The evidence panel identified numerous knowledge gaps
in the literature where there was insufficient data to inform
recommendations.



Table 13.Performance of Endoscopic Healing Index in Asymptomatic Patients With Crohn’s Disease in Different Scenariosa

Test result

No. of results per 1000 patients tested (95% CI)

Comments

Known endoscopic
remission (prevalence 20%)

Unknown endoscopic
remission status
(prevalence 45%)

EHI <20 EHI <20

TPs (patients correctly diagnosed as
having moderate to severe
endoscopic activity)

188 423 TPs would be eligible to undergo
treatment adjustment, which may
decrease disease-related
complications and morbidity, without
being subject to risks and invasive
testing with endoscopy.

FNs (patients incorrectly labeled as being
in endoscopic remission or having
only mild endoscopic activity, when
actually they have moderate to
severe endoscopic activity)

12 27 FNs would be falsely reassured, and may
be at higher risk of disease
complications/flare due to
undertreatment.

GRADE certainty of evidence VERY LOWb,c VERY LOWb,c

TNs (patients correctly diagnosed as
being in endoscopic remission or
having only mild endoscopic activity)

424 292 TNs would be reassured and obviate the
need for invasive testing with
endoscopy, although they may need
to undergo serial assessment of
biomarker at periodic intervals.

FPs (patients incorrectly labeled as
having moderate to severe
endoscopic activity, when actually
they are in endoscopic remission or
have only mild endoscopic activity)

376 258 FPs may receive unnecessary testing
(endoscopy) and/or treatment
adjustment, and have avoidable
anxiety, potential testing-, or
treatment-related complications, and
excessive resource utilization.

GRADE certainty of evidence VERY LOWb,c VERY LOWb,c

aPopulation/setting: adults with CD in symptomatic remission on stable maintenance therapy, with known endoscopic
remission asymptomatic þ known endoscopic remission in preceding 2–3 y, without change in clinical status and on stable
therapy) with observed prevalence of active disease of 20%; with unknown endoscopic remission status (asymptomatic þ
unknown endoscopic remission status in preceding 2–3 y) with observed prevalence of endoscopically active disease of 45%.
Sensitivity of EHI <20: 94%, 2 studies. Specificity of EHI <20: 53%, 2 studies. Reference test: colonoscopy.
bHigh unexplained heterogeneity, selective inclusion of studies reporting cutoffs.
cVery serious imprecision due to small number of studies, only involved in derivation-validation.
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1. Biomarker-based treat-to-target strategy in CD:
Treatment strategy trials, such as CALM, have
demonstrated that incorporating biomarker assess-
ment as part of the treat-to-target strategy is benefi-
cial, especially in patients with active disease.14

However, such treatment strategy trials have relied
on a rigid set of prespecified criteria that would result
in treatment escalation. There is a need for exami-
nation of various biomarker cutoff thresholds to guide
therapy escalation and examination of the role of
combination of biomarkers and role of biomarker-
based treat-to-target strategy in asymptomatic pa-
tients, as well as potential harm of not dose escalating
in the setting of mild biomarker abnormality to
robustly inform biomarker-based treatment strate-
gies. There have not been any studies comparing a
biomarker-based strategy with an endoscopy-based
strategy for assessment and monitoring of endo-
scopic remission. This was identified as a knowledge
gap by the panel.

2. Magnitude of elevation of biomarkers: The guideline
panel focused on examination of performance of
biomarkers at commonly reported cutoffs that are
widely used in clinical practice. Consequently, man-
agement recommendations could only be made based
on whether the value was above the cutoff for that
biomarker, but did not factor in the degree of ab-
normality. A single measurement demonstrating
marked elevation of a biomarker may, for a given
patient, carry a different prognostic implication than a
more modest elevation. For example, in individuals
with mild symptoms, fecal calprotectin >2500 mg/g
may carry different implications for management than



Table 14.Performance of Endoscopic Healing Index In Patients With Symptomatically Active Crohn’s Disease in Different
Scenariosa

Test result

No. of results per 1000 patients tested (95% CI)

Comments

Mild symptoms
(prevalence 65%)

Moderate to severe
symptoms (prevalence 80%)

EHI >50 EHI >50

TPs (patients correctly diagnosed as
having moderate to severe
endoscopic activity)

234 288 TPs would be eligible to undergo
treatment adjustment, which may
decrease disease-related
complications and morbidity,
without being subject to risks and
invasive testing with endoscopy.

FNs (patients incorrectly labeled as being
in endoscopic remission or having
only mild endoscopic activity, when
actually they have moderate to
severe endoscopic activity)

416 512 FNs may be falsely reassured,
undertreated, or mistreated (as
not having CD flare), potentially
leading to increased disease
related complications and
morbidity.

GRADE certainty of evidence VERY LOWb,c VERY LOWb,c

TNs (patients correctly diagnosed as
being in endoscopic remission or
having only mild endoscopic activity)

332 190 TNs would be reassured and obviate
the need for invasive testing with
endoscopy, although they may
need to undergo serial
assessment of biomarker at
periodic intervals.

FPs (patients incorrectly labeled as
having moderate to severe
endoscopic activity, when actually
they are in endoscopic remission or
have only mild endoscopic activity)

18 10 FPs may undergo unnecessary
treatment adjustment and have
treatment-related complications.

GRADE certainty of evidence VERY LOWb,c VERY LOWb,c

aPopulation/setting: adults with CD with symptoms suggestive of active CD, mild symptoms (PRO2 8–13, or PRO3 13–21) with
observed prevalence of endoscopically active disease of 65%; moderate to severe symptoms (PRO2 >13 or PRO3 >21) with
observed prevalence of endoscopically active disease of 80%. Sensitivity of EHI >50, 36%, 2 studies. Specificity of EHI >50,
95%, 2 studies. Reference test: colonoscopy.
bHigh unexplained heterogeneity, selective inclusion of studies reporting cutoffs.
cVery serious imprecision due to small number of studies, only involved in derivation–validation.
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fecal calprotectin of 251 mg/g.36 There were insuffi-
cient data to guide nuanced decision making in this
context. There are several novel biomarkers,
including biomarker panels, of disease activity and
prognosis that have been studied in research settings,
but require more robust clinical validation before
widespread adoption. The paucity of data on this was
also identified as a knowledge gap by the panel,
requiring further research.

3. Choice of treatment target: Consistent with existing
clinical guidelines defining endoscopic remission in
CD as SES-CD <3,20 this guideline examined the
diagnostic accuracy of biomarkers in determining
either the presence or absence of inflammation at this
threshold. Studies have demonstrated that a more
rigorous treatment target of SES-CD score of 0 may be
associated with better outcomes.28 It is likely that
biomarker performance will not be as robust against
the more rigorous treatment target. There were
limited data on performance of biomarkers against
other treatment goals, such as histologic remission or
transmural healing on radiologic assessment. This
was identified as a knowledge gap. Conversely, some
patients and physicians may elect to optimize therapy
only for moderate to severe disease activity (SES-CD
>6); the performance of the biomarker may be su-
perior against that end point compared with that re-
ported in this guideline.

4. Influence of disease location and extent: There was
significant heterogeneity in extent and location of
involved segment in CD; this may directly influence
biomarker sensitivity and specificity, as well as its



Table 15.Performance of Endoscopic Healing Index in Asymptomatic Patients With Crohn’s Disease in Surgically Induced
Remission in Different Scenariosa

Test result

No. of results per 1000 patients tested (95% CI)

Comments

EHI <20

Low pretest
probability (10%)

Intermediate pretest
probability (30%)

High pretest
probability (60%)

FNs (patients incorrectly labeled as
being in endoscopic remission,
when actually they have
endoscopic activity)

18 54 108 FNs would be falsely reassured and
may be at higher risk of disease
complications/ progression and
flare due to undertreatment and
missed opportunity to treat.

GRADE certainty of evidence VERY LOWb,c VERY LOWb,c VERY LOWb,c

FPs (patients incorrectly labeled as
having endoscopic activity, when
actually they are in endoscopic
remission)

450 350 200 FPs may receive unnecessary testing
(endoscopy) and/or treatment
adjustment, and have avoidable
anxiety, potential testing- or
treatment-related complications,
and excessive resource utilization.

GRADE certainty of evidence VERY LOWb,c VERY LOWb,c VERY LOWb,c

aPopulation/setting: patients with CD in surgically induced remission, low pretest probability/likelihood of having endoscopic
recurrence such as patients at low baseline risk of recurrence (no high-risk features) and on postoperative prophylaxis, 10%;
intermediate pretest probability/likelihood of having endoscopic recurrence such as patients at low baseline risk of recurrence
(no high-risk features), who are not on postoperative prophylaxis or patients at high baseline risk of recurrence who are
receiving postoperative prophylaxis, 30%; high pretest probability/likelihood of having endoscopic recurrence, such as pa-
tients at high baseline risk of recurrence who are not receiving postoperative prophylaxis, 60%. Sensitivity of EHI >50, 82%, 1
study. Specificity of EHI >50, 50%, 1 study. Reference test: colonoscopy.
bHigh unexplained heterogeneity, selective inclusion of studies reporting cutoffs.
cVery serious imprecision due to small number of studies, only involved in derivation–validation.
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accuracy. The correlation between symptoms and
endoscopic activity may be weaker for small bowel
CD, which would lead to a lower prevalence of
endoscopically active disease for given symptoms.
This would reduce the accuracy of the biomarker in
individuals with symptomatic CD. There are no widely
accepted validated scoring systems for endoscopic
assessment of mucosal inflammation in CD involving
the proximal small bowel in isolation (ie, beyond the
reach of the colonoscope). Thus, the panel deter-
mined this to be a knowledge gap in the perfor-
mance of biomarkers. Please see more detailed
discussion of the impact of disease location on
biomarker performance in the Key Considerations
for Implementing These Recommendations in Clin-
ical Practice section.

5. Biomarker performance in diverse populations: The
panel recognized the lack of robust data in specific
clinical situations, including mild CD, CD involving the
J-pouch or in patients with an ostomy, and in
geographically and ethnically diverse patient pop-
ulations, where there exist few studies examining the
role of biomarkers to date.

6. Comparison with other disease activity assessment
modalities: Cross-sectional imaging is being used
increasingly to define transmural healing in CD with
growing use of computed tomography, magnetic
resonance, and intestinal ultrasound–based assess-
ments. Intestinal ultrasound, in particular, is attrac-
tive as a point-of-care test without radiation exposure
and limited preparation. There were few studies
comparing biomarker performance against these
imaging-based assessments.
What Do Other Guidelines Say?
There has been limited discussion on the role of nonin-

vasive biomarkers in the management of CD in clinical
guidelines. The American College of Gastroenterology Soci-
ety guidelines published in 2018 on the management of CD
suggested fecal calprotectin and serum CRP may have an
adjunctive role in assessing inflammation in patients with
CD, but did not provide specific cutoffs or recommendations
for use.37 The European Crohn’s and Colitis Organization
and the European Society of Gastrointestinal and Abdominal
Radiology guidelines on the diagnostic assessment of IBD
recognized that in asymptomatic patients, elevated bio-
markers of inflammation, mainly fecal calprotectin and CRP,
may suggest imminent flare and recommended endoscopic
or radiologic evaluation.38 In patients with clinical response
to medical therapy, the guidelines recommended evaluating
for mucosal healing either via endoscopy or fecal
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calprotectin. None of these guidelines discussed perfor-
mance of specific cutoffs and downstream implications
involved in decision making, which are critical to using
these biomarkers in clinical practice. Similar to the current
guideline, the AGA guideline for the use of biomarkers in UC
suggested that a normal biomarker in asymptomatic pa-
tients or an elevated biomarker in those with moderate to
severe symptoms can reliably rule out or rule in the pres-
ence of endoscopically active disease, respectively, thereby
avoiding endoscopy solely for assessment of disease activ-
ity.15 However, there are some key distinctions between the
2 guidelines. First, in CD, symptoms correlate less well with
endoscopic activity. Thus, biomarker performance was
only acceptable in asymptomatic individuals who had
recently confirmed endoscopic remission; in those without
recent endoscopic assessment, test performance was
suboptimal, and the guideline suggests endoscopic
assessment as the preferred strategy for assessing disease
activity. Second, the weaker correlation between symp-
toms and endoscopic activity in CD also reduced the utility
of biomarker measurement to infer disease activity in
those with mild symptoms.

Plans for Updating This Guideline
Guidelines are living products. To remain useful, they

need to be updated regularly as new information accumu-
lates. This document will be updated when major new
research is published. The need for update will be deter-
mined no later than 2026 and, if appropriate, we will update
the guidelines to incorporate updated recommendations as
new evidence, without duplicating or creating a new
comprehensive guideline.

Supplementary Material
Note: To access the supplementary material accompa-
nying this article, visit the online version of Gastroenter-
ology at www.gastrojournal.org, and at http://doi.org/10.
1053/j.gastro.2023.09.029.
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