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1 Assessing Crohn’s Disease Drug Development Tool Need 
The key driver for qualification of a new drug development tool is need.  For example, there might 
be a need for a new biomarker because one does not exist; there might be a need for a new 
biomarker with improved specificity, or a less invasive, time-consuming, or costly biomarker to 
support development of new medicines. 

Additional project-specific items may be added to the checklist 

1.1 CD Drug Development Needs 

List of drug development needs and Context of Use (COU) Statements for fecal calprotectin 

1.1.1 Primary drug development need 

In CD the primary drug development need was identified as non-invasive, pharmacodynamic 
biomarkers that could be measured serially during clinical trials to monitor patient response to 
therapies. 

1.1.2 Drug development gaps 

• Biomarkers to identify the presence of disease or condition of interest (diagnostic and 
prognostic biomarker)  

• Biomarkers to identify disease course in patients with CD (disease activity biomarker) 
•  Biomarkers to predict long-term therapeutic benefit of investigational drugs (predictive 

biomarker) 
• Biomarkers to monitor patients and their response to new therapeutics 

(pharmacodynamic biomarker) 
•  Biomarkers to quantify therapeutic response to investigational drugs that correlate with 

currently accepted endpoints (surrogate endpoint). 

1.1.3 COU Statements 

• COU #1: A prognostic biomarker to enable enrichment for patient with IBD at high risk for 
progressive increase in disease activity for inclusion in clinical trials.  

• COU #2: A predictive biomarker for long-term endoscopic remission, following induction 
therapy in patients in clinical trials with IBD.  

• COU #3: A pharmacodynamic/response biomarker to identify when a patient with CD has 
achieved endoscopic remission following therapeutic intervention in clinical trials.  
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1.2 List of current biomarkers and issues associated with the current biomarker 

1.2.1 Ileocolonoscopy 

o Measurements and scales not standardized 

1.2.2 Video-capsule endoscopy 

o Capsule endoscopy (CE) has proved to be an important non-invasive tool for 
diagnosis and monitoring Crohn’s disease of small intestine. 

o The main complication of CE is capsule retention, defined as a failure to 
excrete the capsule for 2 weeks or more, requiring directed medical, 
endoscopic or surgical intervention (PMID: 16189792). CE is contraindicated 
in patients with known bowel strictures or swallowing disorders, and history 
of bowel obstruction. 

o The main limitations of CE include the lack of definitive diagnostic criteria for 
CD and lack of colonic assessment. 

1.2.3 PRO measures 

o PROs are routinely used for CD patients 
o Often PRO and ileocolonoscopy do not correlate  

1.2.4 Limitations associated with the field 

o IBD remains a histological diagnosis requiring intestinal biopsies, so a positive 
calprotectin or lactoferrin will require further tests not only to confirm or 
refute a diagnosis of IBD, but also to exclude other causes of raised biomarkers 
including malignancy, polyps, viral or bacterial gastroenteritis, NSAID 
enteropathy, untreated coeliac disease or gastro-esophageal reflux disease 

o Symptomatic patients with IBD who have normal biomarkers should not 
simply be labelled as having IBS without further consideration. Patients may 
have symptoms due to non-inflammatory mechanical disease such as bile salt 
malabsorption, fibrotic strictures or adhesions and these are likely to be best 
treated by identifying the correct problem and giving specific treatment. 

1.3 Areas of improvement new biomarkers might address 

� Cost 
 Fecal Calprotectin testing can reduce costs in time, money and 

invasiveness to patients due to ICS if a negative result leads to a decision 
not to proceed with endoscopy (Panaccione et al. 2020) 
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 Fecal calprotectin enables serial monitoring of patient’s disease activity 
when compared to ICS for clinical trials and clinical practice 

� Patient/societal burden 
(https://www.crohnscolitisfoundation.org/sites/default/files/legacy/assets/pdfs/
IBDoverview.pdf ) 

 The most recent studies estimate between 1.6 and 3.1 million Americans 
suffer from IBD. 

 Approximately 20 percent of patients have another family member with 
IBD, and families frequently share a similar pattern of disease 

 The unpredictable nature of these painful and debilitating digestive 
diseases creates a significant burden on the community and the economy: 
$14.6 billion to $31.6 billion in direct and indirect costs annually in the 
United States. 

 Age 
• IBD can begin at any age, but adolescents and young adults 

between the ages of 15 and 35 are most susceptible. 
• Ten percent, or an estimated 100,000, of those afflicted are 

youngsters under the age of 18. 
• After age 50, there is a smaller second wave of new cases.  

� Selectivity 
 Higher rate of increased calprotectin in CD versus UC; reason unknown 

(Lewis 2011) 
� Sensitivity 

 Normal values, actionable increases, levels which might predict relapse 

1.4 Drug development issues that could be overcome with use of a new biomarker 

• Predict long term therapeutic benefit of investigational drugs 
• Stratify patients with CD at high risk for progressive increase in disease activity 
• Monitor patients and their response to new therapeutics 
• Detect intestinal disease activity 
• Quantify therapeutic response to investigational drugs that correlate with currently 

accepted endpoints 

2 Biological Plausibility 

2.1 Biological Plausibility 

o Calprotectin is 36 kDa Ca2+ and zinc binding protein expressed by neutrophils, 
(Iskandar and Ciorba 2012) Neutrophils, normally present in the blood, can be 

https://www.crohnscolitisfoundation.org/sites/default/files/legacy/assets/pdfs/IBDoverview.pdf
https://www.crohnscolitisfoundation.org/sites/default/files/legacy/assets/pdfs/IBDoverview.pdf
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found in the gut and gut contents during CD due to release of chemokines during 
intestinal inflammation and the associated disruption of the epithelial barrier 
(Fournier and Parkos 2012) 

2.2 Potential biomarker category (BEST Glossary) 

o Predictive: biomarkers that predict long term therapeutic benefit of 
investigational drugs 

o Prognostic: biomarkers for identifying disease course in patients with Crohn’s 
disease 

o Monitoring & Pharmacodynamic: biomarkers to monitor patients and their 
response to new therapeutics 

o Diagnostic: biomarkers for identifying the presence of disease or condition of 
interest 

o Clinical Trial Endpoint – Response: biomarkers to quantify therapeutic response 
to investigational drugs that correlate with currently accepted endpoints 

2.3 Cell/organ specific expression pattern (potential specificity) 

Expressed in neutrophils (60% of total cytosolic protein) (Lopez et al. 2017) 

 Plasma levels elevated in alcohol-related liver disease, colorectal cancer, 
CF, rheumatoid arthritis and IBD 

 Elevated in serum, mucosa and feces in IBD 
 Fecal levels specific to IBD, although other inflammatory conditions of the 

intestine (e.g., infection) may also lead to elevated fecal levels 

2.4 Association with disease or injury 

 Elevated levels in CD family members and marker of relapse (Mendall et 
al. 2016) 

2.5 Changes in BM associated with disease or injury 

o Meta-analysis (van Rheenen, Van de Vijver, and Fidler 2010) 
 13 studies of diagnostic accuracy, 6 adult and 7 children, teenagers 
 670 adults and 371 children or teenagers (10 months to 19.9 years) 
 Fecal calprotectin testing, then endoscopy 
 False negative = no treatment and continued symptoms 
 False positive = unnecessary endoscopy 
 “For adults the sensitivity was 0.93 (0.85 to 0.97) and specificity 0.96 (0.79 

to 0.99), and the corresponding values for children and teenagers were 

https://www.ncbi.nlm.nih.gov/books/NBK326791/
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0.92 (0.84 to 0.96) and 0.76 (0.62 to 0.86). The difference between 
specificities of the two groups was significant (P=0.048)”  

o Fecal calprotectin and lactoferrin appear to be equally recommendable as 
inflammatory disease markers in patients with lower gastrointestinal symptoms 
(D’Incà et al. 2007) 

o One hundred and forty-four patients were evaluated, with mean age of 38.4 years. 
Of these, 13 (9%) had a relapse during the follow-up period. The mean FC value 
was significantly lower for non-relapsers (203.2 μg/g) than for relapsers 
(871.3 μg/g), p < .001. The AUC for predicting relapse by using FC values was 
0.924. The optimal cutoff FC value to predict relapse was 327 μg/g; with values of 
sensitivity, specificity, negative predictive value and positive predictive value were 
92.3%, 82.4%, 99.1% and 34.3%, respectively (Monteiro et al. 2019) 

o Add cutoff information 

3 Assay Information 
See Points to Consider Document for guidance 

3.1 Reported Assays 

o ELISA, CLIA, PETIA, FEIA 
o At-home assays 
o The authors found that age, the use of proton pump inhibitors, non-steroid anti-

inflammatory drugs and acetylsalicylic acid in the interpretation of FC tests in 
clinical practice were significantly associated with an elevated FC (>50 µg/g) 
(Lundgren et al. 2019) 

3.2 Biological Matrix 

o Feces 

3.3 Biomarker Stability 

o (Siddiqui, Majid, and Abid 2017) 
 Calprotectin is resistant to bacterial degradation in the gut and is stable 

in stool for up to one week at room temperature and is readily measured 
using immunochemical techniques; Distinguishing functional from 
organic bowel disease and predicting relapse in IBD; Disease nonspecific, 
Affected by age, comorbidities, NSAIDs use  

o (Reenaers et al. 2018) 
 Use the morning sample or the first sample of the day. (91%)  
 Avoid highly liquid or too solid stools. (84%)  
 The samples can be stored up to 72 hours at room temperature. (94%)  

https://healthpolicy.duke.edu/sites/default/files/atoms/files/white_paper_6_14_17_0.pdf
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 Owing to variability among tests, it is recommended to use the same test 
in the follow-up of a single patient. (97%)  

o (Brookes et al. 2018) 
 It is recommended that stool sample for calprotectin is collected from the 

first bowel action of the day and kept for no longer than 3 days at room 
temperature.  

 It is recommended that threshold values are determined on the basis of 
local audit data, and assay used.  

3.4 Reported interferents 

o No reports of assay interferents 

3.5 Reported cut points and baseline levels 

Summary:  

• Baseline levels in adults: <50 μg/g to 250 μg/g  
• Active disease in adults:>100 μg/g to >250 μg/g  
• Baseline levels are higher in children (up to 4 years) and may be higher in older adults 

(See Table 2) 
• Proposed cutoff levels for predicting clinical relapse in CD across 4 studies: 120, 130, 

150, 164, 169, 200, μg/g (Table 4: (Manceau et al., 2017) 

Reference values of fecal calprotectin according to the age in European 
populations (Adapted from Manceau et al. 2017) 

  
Age Normal values, μg/g  
1–6 months < 538  
7 months to 3 years < 214  
3–4 years < 75  
4–49 years < 50  
50–70 years 24.7% higher than 65 μg/g  
Above 70 years No data; probably higher than 100  

Individual Studies: 

o 200 µg/g correlates best with endoscopically active disease (Sipponen et al. 
2008)  

o Normal FC levels ≤ 100 μg/g; elevated FC levels ≥ 100 μg/g (Molander et al. 2012) 
o (Bressler et al. 2015)  

 When FC levels are <50 μg/g to 100 μg/g, quiescent disease is likely, and 
therapy should be continued  

 When FC levels are >100 μg/g to 250 μg/g, inflammation is possible and 
further testing (e.g., colonoscopy) is required to confirm inflammation  
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 When FC levels are >250 μg/g, active inflammation is likely and strategies 
to control inflammation should be initiated (e.g., optimizing current 
therapies or switching to an alternative therapy).  

o (Bjarnason 2017)  
 Normal range of 50-60 μg/g  
 Developing countries with poor sanitation may have much higher normal 

levels  
 Normal levels may be different depending on the measurement used  
 Levels >200 μg/g have a higher PPV for pathology  
 Levels of 500 to 600 μg/g “nearly guarantee” pathology findings  

o Mucosal inflammation is present if FC is ≥250 μg/g (Derwa et al. 2018)  
o (D’Haens et al. 2012)  

 250 μg/g indicated the presence of large ulcers  
 Levels <250 lg/g predicted endoscopic remission  

o (Ikhtaire et al. 2016)  
 50 μg/g cutoff for IBD vs healthy controls via meta-analysis (Mosli et al. 

2015; von Roon et al. 2007) 
 Greater accuracy using 100 μg/g cutoff (von Roon et al. 2007) 
 250 μg/g cutoff for disease activity (Lin et al. 2014) 
 An acceptable cut-off for identifying and managing IBD still remains to be 

determined  
o (Reenaers et al. 2018) 

 FC >250 μg/g identifies patients who are most likely to have intestinal 
inflammation and justifies further endoscopic examination. (91%)  

 FC between 100 and 250 μg /g could require a second measurement 
within three months. (97%)  

 FC <100 μg/g has a very high negative predictive value for IBD, justifying 
its use as a screening test to reduce the number of endoscopies and 
thereby the costs of health care management. This strategy delays the 
diagnosis in only a small proportion of patients. (97%)  

o (Manceau et al. 2017) 
 Below 50 μg/g for adults and children older than 4 years  
 Normal values higher in younger children: 538 μg/g (1–6 months), 

214 μg/g (6 months to 3 years), and 75 μg/g (3–4 years) (Oord and 
Hornung 2014) 

 Normal values higher in younger Chinese children: 375 μg/g (1–3 months), 
218 μg/g (3–6 months), and 100 μg/g (6–18 months) (Li et al. 2015) 

 Normal values may be higher in older patients but fewer studies are 
available: 100 μg/g (older than 65) (Mindemark and Larsson 2012); 65 μg/g 
(50 to 70 years) (Poullis et al. 2004) 

 Proposed cutoff levels for predicting clinical relapse in CD across 4 
studies: 120, 130, 150, 164, 169, 200, μg/g [Table 4: (Manceau et al. 
2017)] 
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o CUT OFF LEVELS: 200 µg/g correlates best with endoscopically active disease; 
sensitivity was 70%, specificity 92%, positive predictive value (PPV) 94%, and 
negative predictive value (NPV) 61% in predicting endoscopically active disease 
(CDEIS >/= 3) (Sipponen et al. 2008) 

o Based on available evidence, the authors (Bressler et al. 2015) suggest the 
following cut-off values and management strategies:  
 When FC levels are <50 μg/g to 100 μg/g, quiescent disease is likely, and 

therapy should be continued 
 When FC levels are >100 μg/g to 250 μg/g, inflammation is possible and 

further testing (e.g., colonoscopy) is required to confirm inflammation 
 When FC levels are >250 μg/g, active inflammation is likely and strategies 

to control inflammation should be initiated (e.g., optimizing current 
therapies or switching to an alternative therapy). 

o Manufacturer recommended cut-offs (Health Technology Assessment, NIHR UK) 
 50 µg/g (for ELISA tests) 
 15 µg/g (for PreventID POCT) 
 ~50 µg/g ‘Threshold for action’ (50–150 µg/g borderline need FC 

monitoring) 
o (Pelkmans, de Groot, and Curvers 2019) 

 Four calprotectin methods (Bühlmann, EliA CN, EliA CN2, and DiaSorin) 
were performed on five platforms (Cobas 8000 E502, Phadia Immunocap 
100 and 250, and Liaison and Liaison XL) in two hospital laboratories. 

 Overall variation for the different extraction devices was less than 19% 
when feces were of normal consistency. Freeze-thawing of samples 
resulted in comparable results compared with fresh samples.  

 The different methods had a good analytic correlation (R = 0.83-0.95). 
Their clinicopathologic correlation was comparable, but the Bühlmann 
method showed significantly higher calprotectin values in every patient 
category. 

 The automated calprotectin methods showed a good performance and 
comparable clinicopathologic correlation. Due to lack of standardization, 
the numerical values differ for the various methods. 

o At home FC test  (Vinding et al. 2016) 
 The CalproSmart test involves extraction of feces, application to the lateral 

flow device, and taking a picture with a smartphone after 10 minutes of 
incubation. Results appear on the screen within seconds. Patients were 
instructed at inclusion and had a video guide of the procedure as support. 
When using CalproSmart at home, patients also sent in 2 fecal samples to 
be analyzed by ELISA. 
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 Totally, 894 fecal calprotectin results were obtained by ELISA, and 632 of 
them from CalproSmart. The correlation coefficient was 0.685, higher for 
academics than nonacademics (0.768 versus 0.637; P ¼ 0.0037). The intra-
assay an interassay coefficients of variation of the CalproSmart test were 
4.42% and 12.49%, respectively. The sensitivity, specificity, positive 
predictive value, and negative predictive value were 82%, 85%, 47%, and 
97%, respectively, with an optimal cutoff at 150 mg/g. 

 No time of day recommendation for sample collection with this kit. 
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3.6 Overview of Reported Fecal Calprotectin Assays 

Manufacturer Capture Detection Measuring  
Principle 

Proposed 
Cut-off 
(mg/g) 

Range 
(mg/g) 

CALPRO Calprolab ELISA mAb ? ELISA 50 25-2500 
Eurospital Calprest ELISA Polyclonal Ab Polyclonal Ab ELISA <70 normal 

>100 P 
15.6-500 
62.5-2000 (dil) 

Eurospital Calfast mAB and 
polyclonal 

 Quantitative 
immunochromatography 

<70 normal 
>100 P 

50-300 

Immundiagnostik 
PhiCal ELISA 

mAB ? ELISA 50 5.3-840 

Ridascreen ELISA mAb mAb ELISA 50 19.5-800 (1:5 dilution if 
>800) 

Biotech CerTest Calprotectin mAb (mouse) mAb (mouse) Semi-quantitative 
immunochromatography 

50 50-200 

EliA Caprotectin 2 mAB native mAb (mouse) FEIA 50 3.8-6000 
 

Diasorin Calprotectin mAB 
recombinant 

mAB recombinant CLIA 50 5.0-8000 

Inova Quanta Flash Polyclonal, 
native 

mAb native CLIA 50 16.1-3500 

Buhlmann Quantum Blue mAb mAb Quantitative 
immunochromatography 

50 30-300 
100-1800 

Buhlmann ELISA mAb mAb ELISA 50 10-600 
30-1800 

Buhlmann fCAL Turbo NA Polyclonal avian PETIA 50 20-8000 
Euroimmum mAb native mAb native ELISA 50 6.5-2100 
Orgentec Polyclonal Ab mAb ELISA 50 5.2-1000f 

Adapted from (Reenaers et al. 2018) 
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3.6.1 Buhlmann Labs FC Assays 

Name 
BÜHLMANN 
fCAL® ELISA 

BÜHLMANN 
fCAL® turbo Quantum Blue® fCAL 

Method ELISA Immuno turbidimetric Lateral Flow 

Time to Result 2 h (approx.) 10 min (approx.) 15 min (approx.) 

Sample Type 50-150 µl feces extract less than 1 g 60 µl feces extract 

Standard 
Range 

10-600 µg/g / 30-1800 
µg/g 0-2000 µg/g 

30-300 µg/g / 100-1800 µg/g / 30 -
1000 µg/g 

Sensitivity 
(LoQ) 10 µg/g 22 µg/g <30 µg/g / <100 µg / <30 µg/g 

 

3.6.2 Quantum Blue fCAL 

Test Quantum Blue® fCAL Quantum Blue® fCAL 
high range 

Quantum Blue® fCAL 
extended 

Range 30 – 300 µg/g 100 – 1800 µg/g 30 – 1000 µg/g 
Time to Result 12 min  15 min  12 min 
Sensitivity < 30 µg/g  < 100 µg/g < 30 µg/g 

The Quantum Blue® test result is quantitative and relies on RFID technology for gathering the 
information of the lot-specific standard curve. 

https://www.buhlmannlabs.ch/wp-content/uploads/2015/01/Quantum-Blue-
fCAL_PI044ML-017E-2.pdf PDF  

https://www.buhlmannlabs.ch/products-solutions/quantum-blue/calprotectin/ 

(last accessed 3 May 2019) 

http://www.buhlmannlabs.ch/products-solutions/clinical-chemistry/calprotectin/
http://www.buhlmannlabs.ch/products-solutions/clinical-chemistry/calprotectin/
http://www.buhlmannlabs.ch/products-solutions/quantum-blue/calprotectin/
https://www.buhlmannlabs.ch/wp-content/uploads/2015/01/Quantum-Blue-fCAL_PI044ML-017E-2.pdf
https://www.buhlmannlabs.ch/wp-content/uploads/2015/01/Quantum-Blue-fCAL_PI044ML-017E-2.pdf
https://www.buhlmannlabs.ch/products-solutions/quantum-blue/calprotectin/
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3.6.3 BÜHLMANN fCAL® turbo 

Particle-enhanced turbidimetric immunoassay (PETIA) in stool samples 

https://www.buhlmannlabs.ch/products-solutions/clinical-chemistry/calprotectin/ 

(last accessed 3 May 2019) 

3.6.4 Calprest Fecal Calprotectin Assay 

This is an ELISA kit developed by Eurospital Spa (Trieste, Italy). 

CE mark – not mentioned in NICE scoping documents. 

The cut-off level is 50 mg/kg. The manufacturer suggests retesting after a short period of 
time in patients with FC levels of between 50 and 100 mg/kg. The FC level of above 
50 mg/kg is considered as positive. 

DIAGNOSTIC SENSITIVITY DIAGNOSTIC SPECIFICITY NEGATIVE PREDICTIVE VALUE 
95% 93% 98% 

 

Value Interpretation 
< 50 mg/kg of stool Negative 

50 - 100 mg/kg of stool Borderline area. The patients  
should be retested within a short period of time 

> 100 mg/kg of stool Positive 

 

URL: www.calprotectintest.com/english/calprest.html  (last accessed 3 May 2019) 

3.6.5 CalproSmart (https://calpro.no/products/calprosmart-home-testkit) 

• Website: 
o Easy to use and hygienic calprotectin self-test 
o Results within 18 min 
o Used for monitoring IBD patients 
o Quantitative assay range of 70-1500mg/kg 
o Improves patients’ quality of life 
o Validated against ELISA test 

3.7 FDA Cleared Fecal Calprotectin Assays 

Genova Diagnostics: PhilCal 
https://www.accessdata.fda.gov/cdrh_docs/reviews/K050007.pdf 
Inova Diagnostics: QUANTA Flash 

https://www.buhlmannlabs.ch/products-solutions/clinical-chemistry/calprotectin/
http://www.calprotectintest.com/english/calprest.html
https://calpro.no/products/calprosmart-home-testkit
https://www.accessdata.fda.gov/cdrh_docs/reviews/K050007.pdf
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https://www.accessdata.fda.gov/cdrh_docs/reviews/K170993.pdf 
Eurospital S.p.A.: Calprest 
https://www.accessdata.fda.gov/cdrh_docs/reviews/K130945.pdf 
DiaSorin: LIAISON 
https://www.accessdata.fda.gov/cdrh_docs/reviews/K182698.pdf 
Inova Diagnostics: QUANTA Flash and extraction device 
https://www.accessdata.fda.gov/cdrh_docs/reviews/K180971.pdf 
 

4 Information Needed to Support Fecal Calprotectin Qualification 
See Section 3 for more information 

4.1 Assay questions 

4.1.1 Variability between commercially available assays: 

• A number of different commercial calprotectin assays are available, and some concerns 
have been raised about interassay variability in the literature, which is due, in part, to a 
lack of assay standardization. The derivation of a nationally agreed normal range and an 
‘intermediate’ level is thus an area of concern due to this between-assay variability. 
Indeed, the NICE committee highlighted the different thresholds for interpreting fecal 
calprotectin results and concluded that there was a need to undertake further 
research before a recommendation on a particular cut-off could be nationally agreed. 
(Brookes et al. 2018) 

• The automated calprotectin methods showed a good performance and comparable 
clinicopathologic correlation. Due to lack of standardization, the numerical values differ 
for the various methods. (Pelkmans, de Groot, and Curvers 2019) 

• Would a change from baseline be more useful than a numerical value for fecal 
calprotectin? 

4.1.2 Intra-individual variability 

There is a degree of variability within patients over the course of a day and over the course of 
several days, but this is usually of no clinical significance. There is good reproducibility in 
multiple samples taken from different areas of the same stool sample. Levels measured after 
samples kept at room temperature for 3 days are similar to assays done the same day, but levels 
are significantly lower after 7 days. Calprotectin levels vary in stools passed in a single day, and 
levels appear to increase with interval between bowel actions. It is suggested that a 
standardized approach with sampling from the first bowel action in the morning would 
potentially reduce this variability. (Brookes et al. 2018) 

https://www.accessdata.fda.gov/cdrh_docs/reviews/K170993.pdf
https://www.accessdata.fda.gov/cdrh_docs/reviews/K130945.pdf
https://www.accessdata.fda.gov/cdrh_docs/reviews/K182698.pdf
https://www.accessdata.fda.gov/cdrh_docs/reviews/K180971.pdf
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4.1.3 Specificity for CD 

Fecal calprotectin is not specific for IBD and can also be increased in stool in other gut 
pathologies, although its use is not recommended to identify these diagnoses, for example, 
infectious enteritis, colorectal neoplasia, polyps, diverticulitis and in patients using NSAIDs. 
(Brookes et al. 2018) 

4.1.4 Sample Stability 

Standardization of fecal calprotectin sample stability measures and timing of sample acquisition 
may be useful to increase the cross-assay comparability. Sample stability will need to be 
evaluated in the biomarker qualification process. 

4.1.5 Cut points and normal values 

Variability in data depending on sample collection and assay utilized suggest that this information 
will need to be evaluated in the biomarker qualification process and may be based on a CD 
disease model. (See Section 3.5).  Questions to be addressed through data sharing and 
aggregation: 

• Variability in assay absolute values 
• Baseline normal values 
• Active disease values 
• Adult vs children 
• Cutoffs for predicting relapse 

4.2 Questions around biomarker utility 

Many studies have collected fecal calprotectin data.  Utility and context of use will be answered 
in the biomarker qualification process. 

Specific questions: 

• Do we need to intensify biologic therapy dosing in asymptomatic patients with elevated 
FC?   

• Do we need to treat to target FC <250 µg/g to improve long term remission and reduced 
surgeries?  

The CALM RCT will have good data for this with quarterly FC guiding treatment escalation. 

Tight control for Crohn’s disease with adalimumab-based treatment is cost-effective: an 
economic assessment of the CALM trial (Panaccione et al. 2020) 

• What is already known on this subject? 
o Effect of Tight Control Management on  Crohn’s Disease was the first study to 

show that a biomarker-based and clinical symptom-based monitoring strategy 
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(i.e., tight control   strategy (TC)) resulting in timely modification of adalimumab-
based therapy prompts better endoscopic and clinical outcomes than relying on 
the conventional symptom-driven treatment strategy (CM) in patients with 
Crohn’s disease (CD) naïve to immune suppressants and biologics.  

• What are the new findings? 
o TC is cost-effective compared with CM. TC is associated with fewer 

hospitalizations and more time in remission. Total costs are higher in TC due to 
greater use of adalimumab and biomarker testing than CM but are offset by 
reduced hospitalizations and quality adjusted life years gained, resulting in a cost-
effectiveness ratio that indicates good value for money in the UK setting relative 
to published National Institute for Health and Care Excellence guidance 
documents.  

• How might it impact on clinical practice in the foreseeable future? 
o Physicians should consider using an inflammatory biomarker-based and clinical 

symptom-based monitoring strategy to inform their treatment decisions for 
patients with moderate to severe active CD, given that TC is associated with 
superior efficacy compared with CM and is a cost-effective use of resources. 

4.3 Data Needed to Progress Biomarker 

4.3.1 Existing clinical data sets 

~50 clinical trials with fecal calprotectin.  Several other trials have been identified by industry 
partners. 

4.3.2 Prospective studies needed 

Given the amount of existing data, prospective studies are not likely to be needed except to 
answer a specific question.  

5 Biomarker Data Inventory Summary 
TBD from inventory spreadsheet 

6 Biomarker Model Inventory Summary 
Development and Internal Validation of a Model Using Fecal Calprotectin in Combination with 
Infliximab Trough Levels to Predict Clinical Relapse in Crohn's Disease. (Roblin et al. 2017) 

• All patients with CD on IFX maintenance treatment and in clinical remission for at least 16 
weeks, between 2011 and 2014, were enrolled in a prospective single-center study. The 
Crohn's Disease Activity Index (CDAI), fecal calprotectin, C-reactive protein levels, 
antibodies (ATI), and trough level (TLI) of IFX were measured at every IFX infusion. The 
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best thresholds of TLI (2 versus 3 μg/mL) and calprotectin (50 versus 250 μg/g stools) were 
identified across four logistic regression models. 

• In IFX-treated patients with CD in clinical remission, a combination of TLI (<2 μg/mL) and 
fecal calprotectin (>250 μg/g of stools) is a good model for predicting loss of response. In 
contrast with previous data, low TLIs ranging from 2 to 3 μg/mL should neither 
systematically lead to the optimization of IFX use nor a switch in the treatment. 

7 Key Publications 

7.1 Preclinical Publications 

7.2 Clinical Publications and Datasets 

Brookes, Matthew J., Simon Whitehead, Daniel R. Gaya, and Antony Barney Hawthorne. 2018. 
“Practical Guidance on the Use of Faecal Calprotectin.” Frontline Gastroenterology 9 (2): 
87–91. https://doi.org/10.1136/flgastro-2016-100762. 

Rheenen, Patrick F. van, Els Van de Vijver, and Vaclav Fidler. 2010. “Faecal Calprotectin for 
Screening of Patients with Suspected Inflammatory Bowel Disease: Diagnostic Meta-
Analysis.” BMJ (Clinical Research Ed.) 341 (July): c3369. 
https://doi.org/10.1136/bmj.c3369 

 

NCT # Biomarker Context Description 

NCT01235689 

Diagnostic/ 
Pharmacodynamic / 

Remission 

Demonstrate that tight control of disease activity, using 
stringent criteria based on Crohn's disease activity Index 

(CDAI), biomarkers (high sensitivity C-reactive protein [hs-CRP] 
and fecal calprotectin), and corticosteroid use, improves the 

rate of mucosal healing 48 weeks after randomization 

NCT02015793
 

Pharmacodynamic Investigate the efficacy, safety, and pharmacokinetics of 
adalimumab following subcutaneous (SC) administration 

NCT02499783
 

clinical trial endpoint/ 
Pharmacodynamic 

 evaluate the efficacy and safety of adalimumab induction and 
maintenance treatment in subjects 

NCT02065570
 

clinical trial endpoint/ 
Pharmacodynamic 

 evaluate higher versus standard adalimumab dosing regimens 
for induction and maintenance therapy in subjects  

NCT01759264
 

Monitoring/ 
Pharmacodynamic/ 

Clinical trial endpoint  

observational study was to assess changes in fecal calprotectin 
levels and its suitability as a monitoring tool in participants 

with moderate-to-severe Crohn's Disease who were treated 
with adalimumab 

NCT02896985
 

Monitoring/ 
Pharmacodynamic/ 

Clinical trial endpoint  

multi-center study that explores the relationship between 
recapture of response with escalation to weekly adalimumab 

NCT02148718
 

Pharmacodynamic valuate the rapidity of onset of clinical response to 
adalimumab therapy in patients with luminal Crohn's disease 

https://doi.org/10.1136/flgastro-2016-100762
https://doi.org/10.1136/bmj.c3369
https://clinicaltrials.gov/ct2/show/NCT01235689
https://clinicaltrials.gov/ct2/show/NCT02015793
https://clinicaltrials.gov/ct2/show/NCT02499783
https://clinicaltrials.gov/ct2/show/NCT02065570
https://clinicaltrials.gov/ct2/show/NCT01759264
https://clinicaltrials.gov/ct2/show/NCT02896985
https://clinicaltrials.gov/ct2/show/NCT02148718
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NCT01393899 

Diagnostic/ 
Pharmacodynamic / 

Remission 

 safety and efficacy of CP-690,550 in adult patients with 
moderate to severe Crohn's disease who completed the 

double-blind induction treatment 
NCT01393626

 

Diagnostic / 
Pharmacodynamic 

safety and efficacy of CP-690,550 in adult patients with 
moderate to severe Crohn's disease 

NCT01470599
 

Diagnostic / 
Pharmacodynamic  

establish the safety and tolerability of long-term open-label 
(OL) CP-690,550 therapy in subjects with Crohn's disease. 

NCT01369329 Monitoring 

UNITI-1 will compare the effects (both positive and negative) 
of an initial treatment with ustekinumab to placebo over 8 

weeks, in patients with moderately to severely active Crohn's 
disease who have either failed or could not tolerate at least 

one TNF-antagonist medications in the past (specifically, 
infliximab, adalimumab, or certolizumab pegol) 

NCT03464136
 

Diagnostic / 
Pharmacodynamic 

Safety and Efficacy of Adalimumab Versus Ustekinumab for 
One Year (SEAVUE) compare the efficacy of treatment with 
ustekinumab or adalimumab in biologic naive participants 

with moderately-to-severely active Crohn's disease (CD) who 
have previously failed or were intolerant to conventional 

therapy (corticosteroids and/or immunomodulators, such as 
azathioprine, 6-mercaptopurine, or methotrexate) 

NCT03710486
 

Diagnostic / 
Pharmacodynamic 

A Study to Observe Vedolizumab Outcomes in Real-world 
Biologic Ulcerative Colitis (UC) and Crohn's Disease (CD) 
Participants (EVOLVE-IBERIA) describe treatment patterns 
associated with first-line and second line biologic use 
(vedolizumab or other biologic) and to describe the real-world 
clinical effectiveness of the use (first-line and second line) 
vedolizumab versus other biologics at least 6 months post-
treatment initiation 

 

NCT02764762
 

Diagnostic / 
Pharmacodynamic 

determine the effect of triple combination therapy with an 
anti-integrin (vedolizumab intravenous [IV]), a tumor necrosis 

factor (TNF) antagonist (adalimumab subcutaneously [SC]), 
and an immunomodulator (oral methotrexate) on endoscopic 
remission in participants with newly-diagnosed CD stratified at 

higher risk for complications 

7.3 Review articles 

7.4 Biomarker utility identified 

 

 

  

https://clinicaltrials.gov/ct2/show/NCT01393899
https://clinicaltrials.gov/ct2/show/NCT01393626
https://clinicaltrials.gov/ct2/show/NCT01470599
https://clinicaltrials.gov/ct2/show/NCT01369329
https://clinicaltrials.gov/ct2/show/NCT03464136
https://clinicaltrials.gov/ct2/show/NCT03710486
https://clinicaltrials.gov/ct2/show/NCT02764762
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8.2 Biomarker Data Inventory Summary 

C-Path will survey SMEs and partners to accurately capture the breadth of potentially relevant 
historical data sets capable of supporting the development of drug development tools for a given 
indication.  A data inventory will be generated from these relevant studies that can support the 
quantitative drug development tools and biomarker qualification. This inventory will be focused 
on identifying the relevant endpoints and outcome measures to capture the longitudinal 
dynamics of disease progression, as well as potentially relevant sources of variability 
(demographics, genetics, drug treatments, etc.). 

A data inventory template will be used to catalog the relevant study information from all of the 
studies identified by the team.  

Additional project-specific items may be added to the checklist 

8.2.1 Data Inventory Checklist 

� Study identifier (if available) 
� Study name 
� Sponsor 
� Data curation organization 
� Expected availability of patient level data 
� Study timelines 
� Study design 
� Arms/cohorts/groups 
� Sample size (total and by arm/cohort/group) 
� Duration of follow-up 
� Frequency of observations (clinical and para-clinical) 
� Maximum number of visits available for potential patient-level data transfer 
� Study endpoints (primary, co-primary, secondary) 
� Publications 
� Biomarker data captured 

� Type of biomarker 
� Type of sample 
� Processing 
� Analysis 
� Output 
� Interpretation 
� Frequency of observation 
� Number of available data points for patient-level data transfer 
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8.2.2 Assay validation checklist 

� Reliability 
� Reproducibility 
� Sensitivity 
� Specificity 
� Analyte stability 
� Reference standard availability 
� Accuracy 
� Precision 
� Specimen collection, handling and storage procedures 
� Interference 
� Standard QC and precision 

� Clinical validation 
� Availability of retrospective data to enable qualification 
� Necessity for prospective data to enable qualification 

� Prospective timelines, milestones and dependencies 

8.3 Model Inventory Summary 

C-Path will survey SMEs and partners and using its own internal Quantitative Medicine expertise 
will generate a comprehensive summary-level model inventory for the relevant aspects of 
biomarker dynamics and disease progression for a given indication. Based on the potential 
biomarkers identified in the biomarker data inventory, a complementary inventory will be 
developed for existing quantitative models intended to quantify disease progression and 
determine the contribution of specific biomarkers to inform such predictions. 

Additional project-specific items may be added to the checklist 

8.3.1 Model Inventory Checklist 

� Model description 
� Publications or reports 
� URL for model access (if available) 
� Model context and purpose 
� Components for a potential disease-drug-trial model 
� Studies used for model development 
� Disease stage of study sample 
� Number of subjects, follow-up 
� Statistical approach 
� Mathematical structure 
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� Independent variable 
� Dependent variable (model endpoint) 
� Covariates (all tested) 
� Number of hierarchies in model 
� Fixed effects 
� Parameter with inter-subject (inter-site or study) variability 
� Distribution assumption of inter-subject (inter-site or study) variability 
� Distribution assumption of residual variability 
� Cross-validation approach 
� External validation approach 

� Study used for external validation 
� Disease stage of external validation 
� Study sample, number of subjects in external validation 
� Follow-up external validation studies (years) 

� Author highlights 
� Implications for DDT 
� Development status 
� Expected availability of underlying code and ancillary information.   

8.4 Prioritization of Biomarker Candidates 

Prioritization of candidate biomarkers will be based on the triangulation of three main criteria: 

• The biomarker meets an intended application that answers a drug development need, as 
defined by the pharmaceutical industry, in light of common denominators for their 
portfolios. 

• The identified drug development need, which is intended to be filled by the biomarker, 
aligns with specific regulatory needs, as identified by FDA. 

• In order to generate the required evidence to support the biomarker’s intended 
application, adequate and relevant datasets need to be available and amenable for data 
integration or, if applicable, the generation of prospective data is feasible from a resource, 
timing and operational perspective. 

Biomarkers that meet all three criteria above will be prioritized and a proposed context of use 
statement (COU) defined. A further prioritization will then be performed to identify those 
biomarkers for which analysis plans and regulatory documentation could be produced in the 
shortest amount of time, and with optimized resources. This second prioritization will be based 
on the potential impact of the biomarker and feasibility of generating the necessary evidence to 
support the proposed COU (whether from existing data, or from prospectively generated data). 
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After the second prioritization stage, a final prioritization will be performed, if necessary, to select 
the strongest candidate biomarkers that should be evaluated. Other biomarkers will be tabled 
for sequential evaluation. 

In addition to this prioritization exercise, it will also be critical to evaluate the assays used to 
measure biomarkers chosen for qualification. The assays must be reliable, reproducible, sensitive 
and specific to provide data that the scientific community, including the FDA, can rely on in order 
to support drug development decisions. 

8.5 Biomarker Regulatory Ready Status 

Biomarkers which meet the need identified in Section 1, will be assessed using these three criteria 
as the basis for the regulatory ready status of the clinical biomarker. 

1. Evaluate the validity of the analytical assay for candidate biomarkers 

Evaluation of the validity of the biomarker assay and the need for robust biomarker data is critical 
to validating the use of new biomarkers. The assay must be reliable, reproducible, sensitive and 
specific to provide data that can be the scientific community, the FDA, and patients can rely on 
to support drug development decisions. 

2. Evaluate the biological plausibility to be used in a specific manner 

The biological plausibility of the biomarker to be used for a specific COU will be evaluated based 
on prior studies in order to support moving forward with a plan to qualify the biomarker.  

3. Evaluate the clinical validation data associated with the biomarker(s) 

Evaluation of the clinical data associated with the biomarker will include determining its 
suitability and availability to the consortium to support qualification submissions. 


	1 Assessing Crohn’s Disease Drug Development Tool Need
	1.1 CD Drug Development Needs
	1.1.1 Primary drug development need
	1.1.2 Drug development gaps
	1.1.3 COU Statements

	1.2 List of current biomarkers and issues associated with the current biomarker
	1.2.1 Ileocolonoscopy
	1.2.2 Video-capsule endoscopy
	1.2.3 PRO measures
	1.2.4 Limitations associated with the field

	1.3 Areas of improvement new biomarkers might address
	1.4 Drug development issues that could be overcome with use of a new biomarker

	2 Biological Plausibility
	2.1 Biological Plausibility
	2.2 Potential biomarker category (BEST Glossary)
	2.3 Cell/organ specific expression pattern (potential specificity)
	2.4 Association with disease or injury
	2.5 Changes in BM associated with disease or injury

	3 Assay Information
	3.1 Reported Assays
	3.2 Biological Matrix
	3.3 Biomarker Stability
	3.4 Reported interferents
	3.5 Reported cut points and baseline levels
	3.6 Overview of Reported Fecal Calprotectin Assays
	3.6.1 Buhlmann Labs FC Assays
	3.6.2 Quantum Blue fCAL
	3.6.3 BÜHLMANN fCAL® turbo
	3.6.4 Calprest Fecal Calprotectin Assay
	3.6.5 CalproSmart (https://calpro.no/products/calprosmart-home-testkit)

	3.7 FDA Cleared Fecal Calprotectin Assays

	4 Information Needed to Support Fecal Calprotectin Qualification
	4.1 Assay questions
	4.1.1 Variability between commercially available assays:
	4.1.2 Intra-individual variability
	4.1.3 Specificity for CD
	4.1.4 Sample Stability
	4.1.5 Cut points and normal values

	4.2 Questions around biomarker utility
	4.3 Data Needed to Progress Biomarker
	4.3.1 Existing clinical data sets
	4.3.2 Prospective studies needed


	5 Biomarker Data Inventory Summary
	6 Biomarker Model Inventory Summary
	7 Key Publications
	7.1 Preclinical Publications
	7.2 Clinical Publications and Datasets
	7.3 Review articles
	7.4 Biomarker utility identified

	8 Appendices
	8.1 References
	8.2 Biomarker Data Inventory Summary
	8.2.1 Data Inventory Checklist
	8.2.2 Assay validation checklist

	8.3 Model Inventory Summary
	8.3.1 Model Inventory Checklist

	8.4 Prioritization of Biomarker Candidates
	8.5 Biomarker Regulatory Ready Status


