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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 C-Reactive Protein 

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 wk 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 
 CRP testing reduces costs in time, money and invasiveness to patients due 

to ileocolonoscopy 
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 CRP enables serial monitoring of patient’s disease activity when compared 
to ICS for clinical trials and clinical practice 

• Patient/societal burden (From CCF ): 
(https://www.crohnscolitisfoundation.org/sites/default/files/legacy/assets/pdfs/IBDove
rview.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.  

1.3.1 Selectivity 

• CRP is a marker of inflammation not specific to any region in the body 
• For most individuals, after abscess and infection are excluded, CRP has 

value as a biomarker in distinguishing active CD from functional bowel 
disorders (Poullis et al. 2002) 

1.3.2 Sensitivity 

 Normal values, actionable increases, levels which might predict relapse 
 Serum CRP has a lower sensitivity in UC (Lewis 2011) 
 Sensitivity is poor, and a negative test does not exclude the presence of 

active inflammation 
 Distinguish active from quiescent IBD 
 Trends with mucosal healing 
 Elevated CRP associated with moderate or greater clinical disease 

severity, active disease on colonoscopy and severe inflammation on 
histology to associate with an elevated CRP level (Solem et al. 2005) 

 Though not highly sensitive, several studies have shown CRP elevations to 
be predictive of recurrence with CD (Iskandar and Ciorba 2012)  

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

• Predict long term therapeutic benefit of investigational drugs  
o Early normalization of CRP correlated with long-term response and a sustained 

increase of CRP levels in patients on infliximab correlated with a loss of 
response to therapy (Jürgens et al. 2011) 

• Stratify patients with Crohn’s disease 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 Summary 

a. C-reactive protein (CRP) is an annular pentameric protein 
b. It is an acute-phase protein of hepatic origin that increases following interleukin-

6 secretion by macrophages and T cells, and TNFα, and IL-1β. Its physiological 
role is to bind to lysophosphatidylcholine expressed on the surface of dead or 
dying cells (and some types of bacteria) in order to activate the complement 
system via C1q (Iskandar and Ciorba 2012) 

c. whose name derives from its ability to precipitate the C-polysaccharide 
of Streptococcus pneumoniae (Cappello and Morreale 2016) 

d. Produced by liver in response to acute and chronic inflammation and factors 
released by macrophages and adipocytes; increased with infection, autoimmune 
diseases, cancer and tissue necrosis (Iskandar and Ciorba 2012) 

e. CRP binds to phosphocholine containing microorganisms or particles which in 
turn lead to C1q and classical complement activation 

f. CRP binds specifically to a wide range of substances derived both from damaged 
autologous cells and from microorganisms (Cappello and Morreale 2016) 

g. Baseline is 1 mg/L in blood; increases from 5-200 mg/L depending on disease 
severity (Iskandar, 2012) 

h. Positive features for CRP as a biomarker include that it is easily and reliably 
measured across diagnostic laboratories and has a short plasma half-life of ~19 
hours which is determined by synthesis rather than degradation. It increases 
quickly after the inflammatory insult and rapidly decreases after resolution. 

i. Heterogeneity exists between individuals’ immune responses and elevations in 
CRP are more common in CD  

j. Across studies however, CRP is less sensitive and has a lower correlation with 
mucosal inflammation by endoscopy than the stool based biomarkers 
calprotectin and lactoferrin (Lewis 2011) 

https://en.wikipedia.org/wiki/Pentameric_protein
https://en.wikipedia.org/wiki/Acute-phase_protein
https://en.wikipedia.org/wiki/Interleukin-6
https://en.wikipedia.org/wiki/Interleukin-6
https://en.wikipedia.org/wiki/Macrophage
https://en.wikipedia.org/wiki/T_cell
https://en.wikipedia.org/wiki/Lysophosphatidylcholine
https://en.wikipedia.org/wiki/Complement_system
https://en.wikipedia.org/wiki/Complement_system
https://en.wikipedia.org/wiki/C1q
https://en.wikipedia.org/wiki/Macrophage
https://en.wikipedia.org/wiki/Adipocytes
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2.2 Potential Biomarker Category (BEST Glossary) 

2.3 Cell/Organ Specific Expression Pattern (potential specificity) 

• CRP is an acute-phase protein of hepatic origin that increases following interleukin-
6 secretion by macrophages and T cells, and TNFα, and IL-1β. Its physiological role 
is to bind to lysophosphatidylcholine expressed on the surface of dead or dying 
cells (and some types of bacteria) in order to activate the complement 
system via C1q (Iskandar, 2012) 

• Produced by liver in response to acute and chronic inflammation and factors 
released by macrophages and adipocytes; increased with infection, autoimmune 
diseases, cancer and tissue necrosis (Iskandar and Ciorba 2012) 

• CRP binds to phosphocholine containing microorganisms or particles which in turn 
lead to C1q and classical complement activation  

• CRP is less useful as a disease activity marker in patients with ileal CD than those 
with ileocolonic or colonic CD. (Yang et al. 2015) 

2.4 Association with Disease or Injury 

• CRP elevation in IBD patients is associated with clinical disease activity, endoscopic 
inflammation, severely active histologic inflammation (in CD patients), and several 
other biomarkers of inflammation, but not with radiographic activity. (Solem et al. 
2005) 

• Meta-analysis of studies comparing CRP to endoscopically active disease (Mosli et al. 
2015) 

o Cut point for CRP was 5 mg/dl (differs from other studies because of the 
alignment with endoscopy) 

o Poor sensitivity; negative test does not “reliably exclude active 
inflammation” 

o In CD, CRP correlates with anatomic location (high expression in patients 
with ileitis) 

• (D’Haens et al. 2018) 
o A combination of infliximab and immunomodulators is the most efficacious 

treatment for Crohn's disease (CD). Patients have the best outcomes when 
their serum concentrations of these drugs are above a determined 
therapeutic threshold. We performed a prospective, randomized trial to 
determine whether therapeutic drug monitoring (TDM) to maintain serum 
levels of infliximab above 3 μg/mL produced higher rates of clinical and 
endoscopic remission than adapting dose based only on symptoms. 

o In a prospective randomized exploratory trial of patients with active CD, we 
found increasing dose of infliximab based on a combination of symptoms, 
biomarkers and serum drug concentrations does not lead to corticosteroid-
free clinical remission in a larger proportion of patients than increasing dose 
based on symptoms alone. 

https://www.ncbi.nlm.nih.gov/books/NBK326791/
https://en.wikipedia.org/wiki/Acute-phase_protein
https://en.wikipedia.org/wiki/Interleukin-6
https://en.wikipedia.org/wiki/Interleukin-6
https://en.wikipedia.org/wiki/Macrophage
https://en.wikipedia.org/wiki/T_cell
https://en.wikipedia.org/wiki/Lysophosphatidylcholine
https://en.wikipedia.org/wiki/Complement_system
https://en.wikipedia.org/wiki/Complement_system
https://en.wikipedia.org/wiki/C1q
https://en.wikipedia.org/wiki/Macrophage
https://en.wikipedia.org/wiki/Adipocytes
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o 122 patients; C-reactive protein, calprotectin; Infliximab and 
immunosuppressant; 2, 4, 6 ,12, 14 weeks of treatment; every 4 weeks until 
week 54 

• (Moran, Kaplan, and Winter 2018) 
o The study included 199 subjects with active CD (21 to 86 years of age). 

Subjects with the rs2794520 TT genotype had a lower CRP than subjects with 
the CC genotype (58.3 mg/L vs 28.4 mg/L, P = 0.008). Subjects with the 
rs1800947 CG genotype had a lower CRP than those with the CC genotype 
(54.3 mg/L vs 22.4 mg/L, P < 0.0001); 41.6% of TT subjects had a normal CRP 
compared with 24.1% of CT subjects and 16.5% of CC subjects (P = 0.041). 

o This study demonstrates that rs2794520 and rs1800947 are associated with a 
restriction of CRP elevations during active CD. While CRP is typically a reliable 
biomarker in CD, there is a subset of CD patients with a genetically 
determined restriction of CRP in whom other disease markers should be 
utilized. 

2.5 Changes in BM Associated with Disease or Injury 

• During active IBD, levels can range from 5–200 mg/l depending on disease severity 
and the individual’s capacity to produce CRP (Iskandar and Ciorba 2012) 

• A serum CRP ≥ 5 mg/L has a relatively high specificity for the detection of endoscopic 
disease activity in patients with an established diagnosis of IBD (Cappello and 
Morreale 2016) 

3 Assay Information 
See Points to Consider Document for guidance 

3.1 Reported Assays 

• 85+ CRP testing devices registered and 510 k cleared by the FDA 
• Enzyme-linked immunosorbent assay (ELISA) 
• Nephelometric method (Filik, Dagli, and Ulker 2006) 
• Latex-enhanced assay: When an antigen-antibody reaction occurs between CRP 

in a sample and anti-CRP antibody which has been sensitized to latex particles, 
agglutination results. This agglutination is detected as an absorbance change 
(570 nm), with the magnitude of the change being proportional to the quantity 
of CRP in the sample. 

3.2 Biological Matrix 

• Serum 

https://healthpolicy.duke.edu/sites/default/files/atoms/files/white_paper_6_14_17_0.pdf
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3.3 Biomarker Stability 

• CRP has a short half-life (19 hours) (Vermeire 2006) 
• Stability in serum samples? 

3.4 Reported assay interferents 

• myeloma protein 
• rheumatoid factor 
• lipemia - a substance similar to detergent in the capillary tube 
• human pentraxin 3 
• Any reports of other things found in serum that interfere with the measurement of 

CRP? 
• CRP is a general marker of inflammation and in this way identification of elevated CRP 

levels can be indicative of inflammation anywhere in the system  
• About 15% of patients fail to mount a CRP response, and disease subtype also affects 

the sensitivity of the test (Cappello, 2016) 
• Ileal Crohn’s has a different CRP expression pattern 

3.5 Reported cut points and baseline levels 

• CRP is produced by hepatocytes in low quantities (<1 mg/l)  
• CRP levels of 10–40 mg/l are found in cases of mild inflammation or viral infections 
• Baseline is 1 mg/L in blood; increases from 5-200 mg/L depending on disease 

severity (Iskandar and Ciorba 2012) 
• Severe active inflammation or bacterial infection will typically generate CRP levels of 

50–200 mg/l,  
• Very high levels of >200–350 mg/l are only found in severe conditions and burns 

(Vermeire, Van Assche, and Rutgeerts 2006) 
• A decrease of the CRP value during therapy is an indicator of efficacy while a 

persistently high value indicates treatment failure (Cappello and Morreale 2016). 

 Conventional CRP  hsCRP cCRP 

Typical clinical cutoff 
concentrations 

Cutoff: approximately 
10 mg/L. Apparently 
healthy individuals: ≤ 
5 mg/L Acute range: 
20- 500 mg/L 

Cutoff: ≤ 1.0 mg/L Cutoff: ≤ 1.0 mg/L 

Appropriate assay 
measuring range 

≥ 5mg/L to upper 
range of the assay 

< 1.0 mg/L to ≤ 10.0 
mg/L 

< 1.0 mg/L to ≤ 10.0 
mg/L 
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(“Guidance for Industry and FDA Staff - Review Criteria for Assessment of C Reactive Protein 
(CRP), High Sensitivity C-Reactive Protein (HsCRP) and Cardiac C-Reactive Protein (CCRP) Assays,” 
n.d.) 

3.6 Overview of Reported Biomarker Assays 

• Used in clinical practice 
• Objective measure of inflammation 
• Ubiquitous 
• Cheap 
• Low specificity (Cappello and Morreale 2016) 

3.7 FDA Cleared Biomarker Assays 

Search at https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn.cfm 

• 86 Results for C-Reactive Protein 6/4/2019 on FDA 510k search site 
• Many assays are cleared for cardiac indications 

4 Information Needed to Support Biomarker Qualification 

4.1 Assay Questions 

4.1.1 Variability between commercially available assays 

Are ELISA vs latex-enhanced assay comparisons in the literature? 

4.1.2 Intra-individual variability 

4.1.3 Specificity for CD 

• Many 510k assays are cleared for cardiac indications.  What is the specificity of CRP 
for CD? 

4.1.4 Sample stability 

Is the stability of CRP in serum samples known? 

• No significant decline (p=.6) in DBS CRP up to 42 days of storage at −20°C  
• significant degradation of CRP in DBS stored at cool ambient temperatures (22°C) for 

14 days or more,  
• In DBS stored at hot ambient temperatures (37°C) for 7 days or more  
• DBS CRP declined when modeled linearly (p<.0001) by an average of 0.004 log mg/L 

per 100 days.  

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn.cfm
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• Serum CRP did not demonstrate an overall linear decline (slope=0.0007 log mg/L per 
100 days (Brindle, 2010) 

4.1.5 Cut points and normal values 

• CRP is produced by hepatocytes in low quantities (<1 mg/l)  
• CRP levels of 10–40 mg/l are found in cases of mild inflammation or viral infections 
• Baseline is 1 mg/L in blood; increases from 5-200 mg/L depending on disease 

severity (Iskandar and Ciorba 2012) 
• Severe active inflammation or bacterial infection will typically generate CRP levels of 

50–200 mg/l,  
• Very high levels of >200–350 mg/l are only found in severe conditions and burns 

(Vermeire 2006) 
• A decrease of the CRP value during therapy is an indicator of efficacy while a 

persistently high value indicates treatment failure (Cappello, 2016). 

4.2 Questions Around Biomarker Utility 

• Issues around specificity 

4.3 Data Needed to Progress Biomarker 

4.3.1 Existing clinical data sets 

NCT # Biomarker Context Description 

NCT01235689 

Diagnostic/ 
Pharmacodynamic / 

Remission 

Efficacy and Safety of Two Treatment Algorithms 
in Adults with Moderate to Severe Crohn's 
Disease (CALM)  

NCT01464333 

Pharmacodynamic / Clinical 
Trial Endpoint 

Special Investigation (Long-term Investigation) in 
Patients with Crohn's Disease 

NCT01768858 

Pharmacodynamic / Clinical 
Trial Endpoint 

Assessment of Rheumatoid Arthritis, Psoriatic 
Arthritis, Ankylosing Spondylitis, Plaque Psoriasis, 
Crohn's Disease and Ulcerative Colitis Patients´ 
Adherence Attitudes to Maintenance Therapy 
with a Scheduled Adalimumab Treatment in 
Routine Clinical Practice (Adherence)  

NCT01958827 

Pharmacodynamic / Clinical 
Trial Endpoint 

A Study of Adalimumab After Dose Escalation in 
Japanese Subjects with Crohn's Disease  

NCT02015793 

Pharmacodynamic / Clinical 
Trial Endpoint 

Study to Evaluate the Pharmacokinetics, Safety and 
Efficacy of Two Treatment Modules in Chinese 
Subjects with Moderate to Severe Crohn's Disease 

NCT02148718 

Pharmacodynamic / Clinical 
Trial Endpoint 

Rapidity of Response to Adalimumab Treatment in 
Patients with Crohn´s Disease (RAPIDA) 

https://clinicaltrials.gov/ct2/show/NCT01235689
https://clinicaltrials.gov/ct2/show/NCT01464333
https://clinicaltrials.gov/ct2/show/NCT01768858
https://clinicaltrials.gov/ct2/show/NCT01958827
https://clinicaltrials.gov/ct2/show/NCT02015793
https://clinicaltrials.gov/ct2/show/NCT02148718
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NCT02499783 

Pharmacodynamic / Clinical 
Trial Endpoint 

Study to Evaluate the Safety and Efficacy 
of Adalimumab in Chinese Subjects with Moderate to 
Severe Crohn's Disease 

NCT02065570 

Pharmacodynamic / Clinical 
Trial Endpoint 

Study to Evaluate Efficacy and Safety of Two Drug 
Regimens in Subjects with Moderate to 
Severe Crohn's Disease 

NCT02896985 

Pharmacodynamic / Clinical 
Trial Endpoint 

Observational Study Evaluating the Effectiveness of 
Drug Concentration to Predict the Recapture of 
Response in Crohn's Disease Patients with Loss of 
Response (PRADA) 

NCT03261102 Pharmacodynamic  TDM Guided Early Optimization of ADAL in Crohn's 
Disease 

NCT01369329 

Diagnostic/ 
Pharmacodynamic / 

Predictive 
UNITI Phase 3 Study of Ustekinumab in CD  

NCT03362736 Stratifying/Pharmacodynamic  
An Early Access Program for Ustekinumab in 
Participants with Moderately to Severely Active 
Crohn's Disease 

NCT03464136 

Pharmacodynamic / Clinical 
Trial Endpoint 

Safety and Efficacy of Adalimumab Versus 
Ustekinumab for One Year (SEAVUE) 

NCT01349920 Pharmacodynamic  Biomarkers of Intestinal Mucosal Healing 
in Crohn's Disease  

 NCT03088449 

Diagnostic/ Stratification/ 
Pharmacodynamic  

Personalizing Anti-TNF Therapy in Crohn’s 
Disease (PANTS)  

NCT01276509 

Diagnostic/ 
Pharmacodynamic  

Study to Test Whether PF-00547659 is Safe and 
Improves Disease Symptoms in Patients with 
Crohn's Disease (OPERA)  

NCT01287897 

Diagnostic / 
Pharmacodynamic / 
Pharmacodynamic 

A Study to Assess the Efficacy and Safety of PF-
04236921 in Subjects with Crohn's Disease Who 
Failed Anti-TNF Therapy (ANDANTE)  

NCT01393899 

Diagnostic/ 
Pharmacodynamic / 

Remission 

The Safety and Efficacy of Maintenance Therapy 
with CP-690,550  

NCT01393626 

Diagnostic / 
Pharmacodynamic  

A Study to Investigate Safety and Efficacy of CP-
690,550 for Induction Therapy in Subjects with 
Moderate to Severe Crohn's Disease  

NCT01470599 Diagnostic / 
Pharmacodynamic  

An Open-Label Study of CP-690,550 as Long-Term 
Therapy (48 Weeks) in Subjects with Crohn's Disease 

NCT03710486 Pharmacodynamic  
A Study to Observe Vedolizumab Outcomes in Real-
world Biologic Ulcerative Colitis (UC) and Crohn's 
Disease (CD) Participants (EVOLVE-IBERIA) 

NCT02764762 

Pharmacodynamic / Clinical 
Trial Endpoint 

Triple Combination Therapy in High Risk Crohn's 
Disease (CD) 

 

https://clinicaltrials.gov/ct2/show/NCT02499783
https://clinicaltrials.gov/ct2/show/NCT02065570
https://clinicaltrials.gov/ct2/show/NCT02896985
https://clinicaltrials.gov/ct2/show/NCT03261102
https://clinicaltrials.gov/ct2/show/NCT01369329
https://clinicaltrials.gov/ct2/show/NCT03362736
https://clinicaltrials.gov/ct2/show/NCT03464136
https://clinicaltrials.gov/ct2/show/NCT01349920
https://clinicaltrials.gov/ct2/show/NCT03088449
https://clinicaltrials.gov/ct2/show/NCT01276509
https://clinicaltrials.gov/ct2/show/NCT01287897
https://clinicaltrials.gov/ct2/show/NCT01393899
https://clinicaltrials.gov/ct2/show/NCT01393626
https://clinicaltrials.gov/ct2/show/NCT03710486
https://clinicaltrials.gov/ct2/show/NCT02764762
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4.3.2 Prospective studies needed 

4.4 Estimation of Resources Needed to Progress Biomarker 

• Resources and data should be available for a retrospective study around the utility of 
CRP in different contexts of use. Must reach out to data owners and get their buy in 
and then begin transferring data and data mapping. 

5 Biomarker Data Inventory Summary 
(to be completed after discussions with data owners)  

6 Biomarker Model Inventory Summary 

7 Key Publications 

7.1 Preclinical Publications 

7.2 Clinical Publications 

Morris, M. W. et al. Biomarker-Based Models Outperform Patient-Reported Scores in Predicting 
Endoscopic Inflammatory Disease Activity. Inflamm. Bowel Dis. 24, 277–285 (2018). 
*Reports listed in table above 

7.3 Review Articles  

Solem, C. A. et al. Correlation of C-reactive protein with clinical, endoscopic, histologic, and 
radiographic activity in inflammatory bowel disease. Inflammatory Bowel Diseases 11, 707–712 
(2005). 
Iskandar, H. N. & Ciorba, M. A. Biomarkers in Inflammatory Bowel Disease: Current Practices 
and Recent Advances. Transl Res 159, 313–325 (2012). 
Lewis, J. D. The Utility of Biomarkers in the Diagnosis and Therapy of Inflammatory Bowel 
Disease. Gastroenterology 140, 1817-1826.e2 (2011). 
Jürgens, M. et al. Levels of C-reactive Protein Are Associated With Response to Infliximab 
Therapy in Patients With Crohn’s Disease. Clinical Gastroenterology and Hepatology 9, 421-
427.e1 (2011). 
Vermeire, S., Van Assche, G. & Rutgeerts, P. Laboratory markers in IBD: useful, magic, or 
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8.2 Biomarker Data Inventory  

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 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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8.3 Biomarker Model Inventory 

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 

Development and Validation of Machine Learning Models in Prediction of Remission in Patients 
With Moderate to Severe Crohn Disease (Waljee et al. 2019) 

� 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 
� 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 

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2733183
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2733183
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� Implications for DDT 
� Development status 
� Expected availability of underlying code and ancillary information.   

8.4 Biomarker Assay 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 

8.5 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. 

8.6 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. 
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