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Background

• Fecal immunochemical tests (FIT) have limited sensitivity for 
neoplasia and colorectal cancer (CRC) detection
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Background

• Fecal immunochemical tests (FIT) have limited sensitivity for 
neoplasia and colorectal cancer (CRC) detection

• There is growing interest in using FIT residual buffer for biomarker 
detection to maximize the neoplasia predictive information from a 
FIT specimen
• No loss in adherence if using a single sample



Aim

To systematically review studies on the use of FIT residual buffer for 
biomarker detection to enhance FIT performance
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Aim

To systematically review studies on the use of FIT residual buffer for 
biomarker detection to enhance FIT performance

Domain Subcategories
Biomarker Stability Short term/long term
Neoplasia Detection Protein, DNA/RNA, microbiome

Scoping Review:
An iterative review process to understand a field that has not 
previously been described





Methods
• Databases: PubMed, Scopus, Web of Science, Embase, and Google 

Scholar searched for all historical publications through October 25, 
2023

• Search terms included FIT, buffer, OC-sensor, biomarkers, 
microbiome, microRNA, screening, and neoplasm

• Eligibility: Studies that employed home-based collected samples 
using quantitative FIT first processed for Hgb, before testing of 
additional biomarkers; available in English

• Study selection: One author reviewed all articles; a second author 
completed a 20% full-text audit



PRISMA Diagram
1,669 records 

identified by search 
strategy 

562 stool testing 
studies

18 relevant studies*

7 studies of 
FIT component stability

1,107 excluded by title & abstract review: 
•Non-stool samples (blood, tissue, mucosal, bowel lavage, urine, salivary): 372
•Review, meta-analysis, editorial: 268
•CRC screening, no testing of new markers: 127
•Animal model: 48
•Article/abstract not available in English: 23
•Abstract not available: 2
•Unrelated topic (disease modeling, study design, survey, non-CRC disease): 267

544 excluded by full-text review: 
•Stool tested without FIT collection device (other screening methods): 541
•Full-text article not available: 3

14 studies of association of FIT 
components with colorectal neoplasia

*18 total studies were identified; 11 
studies of association only, 4 studies 
of stability only, and 3 studies of both 
association and stability (indicated in 
both counts below) 
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Stability

Number of 
studies Short-term stability Long-term stability

Proteins 1 3 days (room temp)
3 weeks (4°C)

DNA/RNA 3 1 week (-5°C) Up to 1 year (-40°C )
3-5 years (-80°C)

Microbiome 4 6 days (-20°C) Up to 1 year (-40°C )
3-5 years (-80°C)
0-6 years (-80°C)

Stability was present across all biomarker types, for short- and 
long-term durations; storage conditions and durations varied



Stability of biomarkers
Birkeland (2023)
n=266

DNA/RNA: 23 miRNA
specifically analyzed

1 year at -40°C - 3-5 years at 
-80°C

Microbiome: 7+ phyla 1 year at -40°C - 3-5 years at 
-80°C

Bosch (2012)
n=31

DNA/RNA: PHACTR3 (DNA 
methylation marker), ACTB

1 week at -5°C

Chénard (2020)
n=500

Microbiome: OTU count, 
composition, diversity

-80°C (no duration reported)

Grobbee (2020)
n=200

Microbiome: 4 species 6 days at -20°C

Hiraoka (2019)
n=304

Protein: calprotectin 3 days at room temp. - 3 
weeks at 4°C

Pardini (2023)
n=114

DNA/RNA: 25 differentially
expressed miRNA

-80°C (no duration reported)

Rounge (2018)
n=117

Microbiome: alpha diversity, 
composition, abundance, Bray-
Curtis dissimilarity index

0-6 years at -80°C

• Protein (calprotectin), 
DNA methylation 
markers, and miRNA 
consistently shown to 
be stable when 
comparing FIT and stool 
samples.

• Microbiome markers 
had variable results, 
with some studies with 
comparable results and 
some with decreased 
markers in FIT samples.
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Protein biomarkers: individual markers
• All listed biomarkers 

(except transferrin) 
were increased in 
CRC samples.

• Haptoglobin was 
found to be 
significantly increased 
in CRC and AA/high-
risk adenomas by 
multiple studies (de 
Klaver, Komor).

de Klaver (2021) n=1,201

α2-macroglobulin, calprotectin, C3 
complement, haptoglobin, hemopexin, 
lactotransferrin, myeloperoxidase, and 
serpin family F member 2

Increased vs. control (p<0.001)

Hirata (2020) n=525

transferrin Sensitivity 63.5% was not different than 
F-Hgb sensitivity 67.3%. Specificity 
74.6% was not different than F-Hgb 
specificity 90.6%

Komor (2020) n=743

haptoglobin Increased vs. control (p=9.7e-5). pAUC 
63.2% less than FIT pAUC 73.7% 
(p=0.004).

Footnote: Bolded text in the table indicates biomarkers that were evaluated in multiple studies. Some studies 
(combined biomarkers/models and biomarkers with negative findings) are not included in this table; these 
biomarkers are included in the full-text manuscript and review.



Protein biomarkers: combined/models
de Klaver (2021) 
n=1,201

Multitarget FIT model: calprotectin, 
serpin family F member 2, 
hemoglobin

AN: mtFIT sensitivity 42.9% greater 
than FIT (p=0.025)
AA: mtFIT sensitivity 37.8% greater 
than FIT (p=0.006)

Hirata (2020)
n=525

Two Hgb & transferrin combined 
assays: assay A and assay B
Two Hgb (two-step cutoff) & 
transferrin assays: assay C and 
assay D

CRC: assay B and assay D sensitivity 
greater than FIT (p<0.001, p=0.046)
CRC: assay A and assay C specificity 
greater than FIT (p<0.001, p=0.0011)

• Model with 
calprotectin, serpin 
family F member 2, 
and Hgb (de Klaver) 
found increased AA 
and AN sensitivity.

• Models with 
transferrin and Hgb 
(Hirata) found 2 with 
increased sensitivity 
and 2 with increased 
specificity.



DNA/RNA biomarkers: individual markers
• All listed microRNA 

were significantly 
increased or 
decreased in CRC or 
AA samples.

• miR-16, miR-27a-3p, 
miR-92a, miR-148a-
3p, miR-223, miR-421, 
let-7b-5p were 
significantly 
associated across 
multiple studies (some 
individual or combined 
biomarkers).

Birkeland (2023) n=185

miR-148a-3p and let-7b-5p Increased vs. control (p<0.05)

miR-4451 and miR-11399 Decreased vs. control (p<0.05)

Bosch (2012) n=33

PHACTR3 methylation Of samples with reference gene ACTB 
detected, increased vs. control (p=0.0084)

Duran-Sanchon (2020) n=767

miR-25-3p, miR-27a-3p, miR-29a-3p, miR-34a-
5p, miR-130b-3p, miR-221-3p, and miR-421

Increased vs. control (p<0.04 - p<0.001; 
AUC=0.69 - AUC=0.77)

Koga (2017) n=150

miR-16, miR-92a, miR-106a, miR-142-3p, miR-
223, and miR-451

Increased vs. control (p<0.05)

Pardini (2023) n=185

miR-21-5p, miR-148a-3p, miR-320a-3p, miR-
607-5p, miR-12114, let-7a-5p, let-7b-5p, and 
let-7i-5p

Increased or decreased vs. control (adjusted 
p<0.05)

Footnote: Bolded text in the table indicates biomarkers that were evaluated in multiple studies. Some studies 
(combined biomarkers/models and biomarkers with negative findings) are not included in this table; these 
biomarkers are included in the full-text manuscript and review.



Microbiome biomarkers: individual markers
• Universal bacterial 

16S and numerous 
other species, 
genera, and families 
were significantly 
increased or 
decreased in CRC.

• Polyketide synthase+ 
Escherichia coli (de 
Klaver), 66 species 
(Birkeland), and 46 
genera (Grobbee) were 
found to have no 
association. (not 
included on this slide)

Grobbee (2020) n=200

Total bacterial load (universal bacterial 
16S)

Increased vs. control (p=0.006)

Khannous-Lleiffe (2022) n=1,059

4 microbiome species Among the most significant findings, 
increased vs. control (p=2e-4 - p=0.001).

Zhang (2021) n=1,432

13 microbiome genera and species For advanced adenoma, Tyzzerella 4 
performed best (AUC = 0.578)

Footnote: Bolded text in the table indicates biomarkers that were evaluated in multiple studies. Some studies 
(combined biomarkers/models and biomarkers with negative findings) are not included in this table; these 
biomarkers are included in the full-text manuscript and review.



Major areas for future research and progress
Validation and expansion of biomarker studies with FIT biobank 
samples, to expand breadth of findings

Exploration of findings from studies not included in eligibility criteria 
(studies with stool spiked by lab personnel, studies that did not use 
residual FIT buffer)

Evaluation of conclusions from newly published findings, since review 
publication and other active studies identified through literature 
evaluation

Standardization of data reporting (consistent FIT and biomarker test 
characteristics) and FIT devices utilized
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