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What are CRC molecular subtypes used for? 

Clinical contexts

➢ Diagnosis⇒molecular subtypes, linked to: 

➢Outcome
• Prognostication
• Prediction
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Translational efforts apply to different clinical scenarios
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All clinical scenarios contributed to the scientific development 

of CRC molecular genetics 

Scenario Field / application

• Susceptibility inherited predispositions

• Early detection molecular stool tests – recently, blood

• Prognosis different behavior (e.g. MSI vs MSS), ctDNA

• Prediction/monitoring: KRAS mutations in liquid biopsies

ctDNA

GISCoR



Developmental pathway of molecular genetics in GI oncology: 
the contribution of inherited predispositions

1895-1913
Seed 

concept of 
predisposition

1930-40s
Description of 
polyposis coli

1970s

Lynch systematic 
review of 

predispositions  

1990s

Molecular 
genetics 

identifies culprits 

Intuition Model Biological bases & heterogeneity  
APC/MUTYH

 
MM-Repair genes

MLH1
MSH2
MSH6
PMS2

Carriers of inherited predispositions do not undergo screening

Colorectal cancer risk levels
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Molecular phenotypes of CRC – evolution over time

CRC understanding, time-laps

• Early 90s’: oncogene activation (e.g. KRAS) + tumor suppressor silencing (e.g. APC, TP53) 

• Mid 90s’: Microsatellite instability (MSI) vs Chromosomal instability (CIN, or MS-Stable) 

• Early 2000s’: CpG Methylator phenotype 

• NGS evolution: Consensus Molecular Subtypes (CMS 1-4; mRNA expression patterns)
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Prevalence of MSI CRC subclasses  
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Molecular phenotypes of CRC – scenario in the 2010s 
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Evolving impact of molecular genetics on CRC 

➢Descriptive era
1. Inherited predispositions,  ↑ risk and disease behavior 
2. Somatic mutational signature → relevance of specific mutations
3. “Landscape” perspective = NGS breakthrough                                        

→ similarities/differences (mountain & hills; driver & passengers)
➢Actionability era 
1. Mutational patterns as determinants of drug responsiveness                             

the anti EGRF story → RAS mutations and siblings
2. Landscape-oriented search for actionable mutations 



DNA Sequencing Technologies and costs over time
«From analogic to digital»

2001 - 2007:  first generation – Sanger
Since   2008: second generation or «next» NGS

National Human Genome Research Institute (NHGRI)
                                            Costs by 2022

Moore's Law, describes a long-term trend in the computer hardware 
industry that involves the doubling of 'compute power' every two years. 
Technology improvements that 'keep up' with Moore's Law are widely 
regarded to be doing exceedingly well.

(3,00 Mb)



CRC: molecular world and screening universe.
Competition or communication?

Lancet, 2024

Gastroenterology, 2022

Consensus Molecular Subtypes 
(CMS)
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(Early) diagnosis: the beginning of the “molecular competition” 
Proof of concept
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Detection rate: 8/9 RAS mutated, 88.9%
0 false positive 
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Imperiale TF, NEJM, 2004

Fecal DNA versus Fecal Occult Blood for CRC Screening 
in an average risk population

GISCoR
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Fecal DNA versus Fecal Occult Blood for Colorectal-
Cancer Screening in an average risk population

Imperiale TF, NEJM, 2004



Analysis of mutations in DNA isolated from plasma and stool 
of CRC patients 

Paired specimens Number Positive Yield 

Stool 25 23 92%

Plasma 16 8 50%

Dihel F, Gastroenterology, 2008



Next-Generation stool DNA test accurately detects 
CRC and large adenomas

Ahlqist, Gastroenterology, 2012

Investigation
• 52 CRC
• 133 advanced adenoma
• 293 ctrls 
Random assignemnt
o 2/3 trainin set
o 1/3 test set

sDNA test detects 

• 4 methylated genes*

• mutant KRAS*

• also quantifies hemoglobin

*by quantitative, allele-specific, real-time target

and signal amplification



Multitarget stool DNA testing for CRC screening

Imperiale TF, NEJM, 2014

69.2% vs 46.2%     

42.1% vs 5.1%



Sensitivity and specificity of the next-generation multitarget 
stool DNA test and the commercial FIT

Imperiale TF, 2004

Primary aim: improve specificity.

• It appears unlikely that adding  “test on test” would ⇧ specificity

• More likely adding molecular markers to FIT would ⇧ sensitivity



Commentaries to the papers by Imperiale

• Adaption of the cutoff value to yield specificity similar to that reported for the 
MTs DNA test by Imperiale et al. (86.6%) resulted in very similar sensitivities for 
both tests (i.e., 86.7%) Brenner H, NEJM, 2014

• A commercial FIT can achieve similar diagnostic results to the newer stool DNA 
test. Lowering the positivity threshold of a high-quality FIT may be a much more 
economical way to increase sensitivity. Seum T, JAMA Int Med, 2024

BLITZ



Sceanarios driving liquid biopsy development 

Disease 
Monitoring

GISCoR



Rationales for liquid biopsies in driving or monitoring  treatments

Anti-EGFR treatment of 
metastatic CRC

Survival of  stage II-III CRC Deep characterization 
of tumor gene damage

Persisting + circulating tumor 
DNA with/without treatment 

Detection of emerging KRAS 
mutations 

Scenario Intermediate End-point

KRAS wild-type
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Emergence/selection of mutant alleles 
during pharmacological treatment

Bardelli A, Cancer Cell, 2017GISCoR



Liquid biopsy and and postoperative disease progression in stage II
by circulating tumor DNA (ctDNA) 

Total, 230 pts, no adjuvant therapy, 178

ctDNA +, 14 (7.9%) -> 11 (79%) recurred
ctDNA - , 164 (92.1%) ->  16 (9.8%) recurred

In patients treated with chemotherapy, 

the presence of ctDNA was also associated 

with an inferior recurrence-free survival 
(HR, 11; 95% CI, 1.8 to 68; P = 0.001

Tie J, Sci Transl Med, 2016



Detection and localization of surgically resectable cancers 
with a multi-analyte blood test (CancerSEEK)

Cohen JD, Science, 2018

Number of amplicons

Identification of cancer type by supervised machine 

learning  for patients classified as positive.

Sensitivity of CancerSEEK by tumor type

Ultradeep sequencing + protein biomarkers
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Circulating Tumor DNA Analysis Guiding Adjuvant Therapy 
in Stage II Colon Cancer

Tie J, NEJM, 2022

455 patients

302, ctDNA guided management
153, standard management

Chemo: 15% in ctDNA management
28% in standard
RR 1.82 (95%CI, 1.25-2.65)

3-year recurrence-free survival, 86.4% among ctDNA+

patients who received adjuvant chemotherapy 

and 92.5% among ctDNA-negative patients who

did not.
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Early detection and prognosis prediction for CRCby circulating 
tumour DNA methylation haplotypes: a multicentre cohort study

Mo, Lancet, 2023

590 CRC patients
182 advanced adenoma patients
366 healthy controls

GISCoR
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Chung DC, 2024

A Cell-free DNA Blood-Based Test for CRC Screening
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A Cell-free DNA Blood-Based Test for CRC Screening

Sensitivity : all stages, 89.7%. Stage I only,  64.7%



Multidimensional fragmentomics enables 
early and accurate detection of CRC

Cao, Cancer Res, 2024

 Sensitivity Specificity

Validation 95.8%  98.0%

Prospective 91.5%  95.6%
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Ascertainment of CRC by a liquid biopsy assessing 
Epitelial to Mesenchymal Transition factors mRNA levels in blood
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Levels of TWIST1 mRNA in the blood, all patient classes vs controls

Detection Sens Spec

CRC 205/236 86.9% 89.6%

HGD 28/45 62.2%

AA 16/40 40.0%

ROC curve analysis by logistic 
regression of the values of 
TWIST1, ZEB2, CDH1 and SNAIL 
mRNA levels

                  AUC=0.922

Greco L, manuscript in preparation



Effectiveness and Cost-Effectiveness of CRC Screening 
With a Blood Test That Meets the Centers for Medicare & 

Medicaid Services Coverage Decision

Van den Putelaar, Gastroenterology, 2024

Even with higher screening uptake, triennial blood-based screening, with the CMS-specified minimum performance sensitivity of 74% 

and specificity of 90%, was not projected to be cost-effective compared with established strategies for CRC screening.
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Net cost per 1,000 45 yr-olds



Molecular competition as of now

Ladabaun U, Gastroenterology, 2024
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AGA commentary offers reality check 
on blood-based CRC screening

• A blood test for CRC that meets minimal CMS criteria for sensitivity and performed 

every three years would likely result in better outcomes than no screening.

• Because blood tests for CRC are predicted to be less effective and more costly than 

currently established screening programs, they cannot be recommended to replace 

established effective screening methods

• Potential benchmarks that industry might use to assess an effective blood test for 

CRC going forward would be sensitivity for stage I-III CRC of >90%, with sensitivity 

for advanced adenomas of > 40-50%.
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Diagnosis added to the clinical scenarios of CRC molecular genetics

Feasibility

Molecular tests in the digital era 
allow CRC (early) detection in
• blood
• stool

➢ Yet, fingerprinting of precursor   
lesions=unsatisfactory 

Expectations

Translation from diagnosis to 
screening requires
• specificity implementation
• cost reduction
• proper assessment of the 

timing of test administration 
(interval cancers?)



What are dreaming of ?
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