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Supplementary Table S1: Database-specific search strategies used for literature identification 

 

 

 

 

Database Search concept Exact search string Filters/limits 

PubMed colorectal cancer 

acquired 

chemoresistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND ("acquirable"[All 

Fields] OR "acquire"[All Fields] OR "acquired"[All 

Fields] OR "acquirement"[All Fields] OR 

"acquirements"[All Fields] OR "acquires"[All Fields] OR 

"acquiring"[All Fields]) AND ("chemoresistance"[All 

Fields] OR "chemoresistant"[All Fields] OR 

"chemoresistence"[All Fields] OR "chemoresistent"[All 

Fields]) 

None 

PubMed colorectal cancer 5-FU 

resistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND 

("fluorouracil"[Supplementary Concept] OR 

"fluorouracil"[All Fields] OR "5 fu"[All Fields] OR 

"fluorouracil"[MeSH Terms]) AND ("resist"[All Fields] 

OR "resistance"[All Fields] OR "resistances"[All Fields] 

OR "resistant"[All Fields] OR "resistants"[All Fields] OR 

"resisted"[All Fields] OR "resistence"[All Fields] OR 

"resistences"[All Fields] OR "resistent"[All Fields] OR 

"resistibility"[All Fields] OR "resisting"[All Fields] OR 

"resistive"[All Fields] OR "resistively"[All Fields] OR 

"resistivities"[All Fields] OR "resistivity"[All Fields] OR 

"resists"[All Fields]) 

None 

PubMed colorectal cancer 

oxaliplatin resistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND 

("oxaliplatin"[Supplementary Concept] OR 

"oxaliplatin"[All Fields] OR "oxaliplatin"[MeSH Terms] 

OR "oxaliplatine"[All Fields] OR "oxaliplatin s"[All 

Fields]) AND ("resist"[All Fields] OR "resistance"[All 

Fields] OR "resistances"[All Fields] OR "resistant"[All 

Fields] OR "resistants"[All Fields] OR "resisted"[All 

Fields] OR "resistence"[All Fields] OR "resistences"[All 

Fields] OR "resistent"[All Fields] OR "resistibility"[All 

Fields] OR "resisting"[All Fields] OR "resistive"[All 

Fields] OR "resistively"[All Fields] OR "resistivities"[All 

Fields] OR "resistivity"[All Fields] OR "resists"[All 

Fields]) 

None 

Searches were last conducted on 20 August 2026. The expanded search strings are reproduced verbatim from the PubMed 

and PMC Search Details following automatic term mapping and were not manually modified. “AND” was used to combine 

major search concepts and “OR” to combine synonymous or related terms. Field tags included MeSH Terms, Supplementary 

Concept and All Fields where applicable. No language, study-design, publication-type or publication-date filters were 

applied at the database-search stage. 
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PubMed colorectal cancer 

irinotecan resistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND 

("irinotecan"[Supplementary Concept] OR 

"irinotecan"[All Fields] OR "irinotecan"[MeSH Terms] 

OR "irinotecan s"[All Fields]) AND ("resist"[All Fields] 

OR "resistance"[All Fields] OR "resistances"[All Fields] 

OR "resistant"[All Fields] OR "resistants"[All Fields] OR 

"resisted"[All Fields] OR "resistence"[All Fields] OR 

"resistences"[All Fields] OR "resistent"[All Fields] OR 

"resistibility"[All Fields] OR "resisting"[All Fields] OR 

"resistive"[All Fields] OR "resistively"[All Fields] OR 

"resistivities"[All Fields] OR "resistivity"[All Fields] OR 

"resists"[All Fields]) 

None 

PubMed colorectal cancer Wnt 

beta-catenin 

chemoresistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND "Wnt"[All Fields] 

AND ("ctnnb1 protein human"[Supplementary Concept] 

OR "ctnnb1 protein human"[All Fields] OR "beta 

catenin"[All Fields] OR "beta catenin"[Supplementary 

Concept] OR "beta catenin"[MeSH Terms] OR ("beta"[All 

Fields] AND "catenin"[All Fields])) AND 

("chemoresistance"[All Fields] OR "chemoresistant"[All 

Fields] OR "chemoresistence"[All Fields] OR 

"chemoresistent"[All Fields]) 

None 

PubMed colorectal cancer 

Notch 

chemoresistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND ("notch"[All Fields] 

OR "notch s"[All Fields] OR "notched"[All Fields] OR 

"notches"[All Fields] OR "notching"[All Fields] OR 

"notchings"[All Fields] OR "notchs"[All Fields]) AND 

("chemoresistance"[All Fields] OR "chemoresistant"[All 

Fields] OR "chemoresistence"[All Fields] OR 

"chemoresistent"[All Fields]) 

None 

PubMed colorectal cancer YAP 

chemoresistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND "YAP"[All Fields] 

AND ("chemoresistance"[All Fields] OR 

"chemoresistant"[All Fields] OR "chemoresistence"[All 

Fields] OR "chemoresistent"[All Fields]) 

None 

PubMed colorectal cancer stem 

cells chemoresistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND ("stem cells"[MeSH 

Terms] OR ("stem"[All Fields] AND "cells"[All Fields]) 

OR "stem cells"[All Fields]) AND ("chemoresistance"[All 

Fields] OR "chemoresistant"[All Fields] OR 

None 
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"chemoresistence"[All Fields] OR "chemoresistent"[All 

Fields]) 

PubMed colorectal cancer drug 

tolerant persister 

plasticity 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND "drug"[All Fields] 

AND ("immune tolerance"[MeSH Terms] OR 

("immune"[All Fields] AND "tolerance"[All Fields]) OR 

"immune tolerance"[All Fields] OR "tolerance"[All 

Fields] OR "drug tolerance"[MeSH Terms] OR 

("drug"[All Fields] AND "tolerance"[All Fields]) OR 

"drug tolerance"[All Fields] OR "tolerabilities"[All Fields] 

OR "tolerability"[All Fields] OR "tolerable"[All Fields] 

OR "tolerableness"[All Fields] OR "tolerably"[All Fields] 

OR "tolerances"[All Fields] OR "tolerant"[All Fields] OR 

"tolerants"[All Fields] OR "tolerate"[All Fields] OR 

"tolerated"[All Fields] OR "tolerates"[All Fields] OR 

"tolerating"[All Fields] OR "toleration"[All Fields] OR 

"tolerator"[All Fields] OR "tolerators"[All Fields] OR 

"tolerence"[All Fields]) AND ("persist"[All Fields] OR 

"persistance"[All Fields] OR "persistant"[All Fields] OR 

"persisted"[All Fields] OR "persistence"[All Fields] OR 

"persistences"[All Fields] OR "persistencies"[All Fields] 

OR "persistency"[All Fields] OR "persistent"[All Fields] 

OR "persistently"[All Fields] OR "persistents"[All Fields] 

OR "persister"[All Fields] OR "persisters"[All Fields] OR 

"persisting"[All Fields] OR "persists"[All Fields]) AND 

("cell plasticity"[MeSH Terms] OR "cellular 

plasticity"[All Fields] OR "phenotypic plasticity"[All 

Fields] OR "plasticity"[All Fields]) 

None 

PubMed colorectal cancer EMT 

multidrug resistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND ("epithelial-

mesenchymal transition"[MeSH Terms] OR "epithelial 

mesenchymal transition"[All Fields] OR "EMT"[All 

Fields]) AND ("drug resistance, multiple"[MeSH Terms] 

OR ("drug"[All Fields] AND "resistance"[All Fields] 

AND "multiple"[All Fields]) OR "multiple drug 

resistance"[All Fields] OR ("multidrug"[All Fields] AND 

"resistance"[All Fields]) OR "multidrug resistance"[All 

Fields]) 

None 

PubMed colorectal cancer 

tumour 

microenvironment 

chemoresistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND ("tumour 

microenvironment"[All Fields] OR "tumor 

microenvironment"[MeSH Terms] OR ("tumor"[All 

Fields] AND "microenvironment"[All Fields]) OR "tumor 

microenvironment"[All Fields]) AND 

("chemoresistance"[All Fields] OR "chemoresistant"[All 

Fields] OR "chemoresistence"[All Fields] OR 

"chemoresistent"[All Fields]) 

None 
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PubMed colorectal cancer 

cancer associated 

fibroblasts 

chemoresistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND ("cancer associated 

fibroblasts"[MeSH Terms] OR ("cancer associated"[All 

Fields] AND "fibroblasts"[All Fields]) OR "cancer 

associated fibroblasts"[All Fields] OR ("cancer"[All 

Fields] AND "associated"[All Fields] AND 

"fibroblasts"[All Fields]) OR "cancer associated 

fibroblasts"[All Fields]) AND ("chemoresistance"[All 

Fields] OR "chemoresistant"[All Fields] OR 

"chemoresistence"[All Fields] OR "chemoresistent"[All 

Fields]) 

None 

PubMed colorectal cancer 

immune suppression 

chemoresistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND 

("immunosuppression therapy"[MeSH Terms] OR 

("immunosuppression"[All Fields] AND "therapy"[All 

Fields]) OR "immunosuppression therapy"[All Fields] 

OR ("immune"[All Fields] AND "suppression"[All 

Fields]) OR "immune suppression"[All Fields]) AND 

("chemoresistance"[All Fields] OR "chemoresistant"[All 

Fields] OR "chemoresistence"[All Fields] OR 

"chemoresistent"[All Fields]) 

None 

PubMed colorectal cancer 

overcoming 

chemoresistance 

therapeutic strategies 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND ("overcome"[All 

Fields] OR "overcomes"[All Fields] OR "overcoming"[All 

Fields]) AND ("chemoresistance"[All Fields] OR 

"chemoresistant"[All Fields] OR "chemoresistence"[All 

Fields] OR "chemoresistent"[All Fields]) AND ("drug 

discov today ther strateg"[Journal] OR ("therapeutic"[All 

Fields] AND "strategies"[All Fields]) OR "therapeutic 

strategies"[All Fields]) 

None 

PMC colorectal cancer 5-FU 

oxaliplatin irinotecan 

resistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND 

("fluorouracil"[Supplementary Concept] OR 

"fluorouracil"[All Fields] OR "5 fu"[All Fields] OR 

"fluorouracil"[MeSH Terms]) AND 

("oxaliplatin"[Supplementary Concept] OR 

"oxaliplatin"[All Fields] OR "oxaliplatin"[MeSH Terms] 

OR "oxaliplatine"[All Fields] OR "oxaliplatin s"[All 

Fields]) AND ("irinotecan"[Supplementary Concept] OR 

"irinotecan"[All Fields] OR "irinotecan"[MeSH Terms] 

OR "irinotecan s"[All Fields]) AND ("resist"[All Fields] 

OR "resistance"[All Fields] OR "resistances"[All Fields] 

OR "resistant"[All Fields] OR "resistants"[All Fields] OR 

"resisted"[All Fields] OR "resistence"[All Fields] OR 

"resistences"[All Fields] OR "resistent"[All Fields] OR 

None 
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"resistibility"[All Fields] OR "resisting"[All Fields] OR 

"resistive"[All Fields] OR "resistively"[All Fields] OR 

"resistivities"[All Fields] OR "resistivity"[All Fields] OR 

"resists"[All Fields]) 

PMC colorectal cancer Wnt 

beta-catenin 

chemoresistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND "Wnt"[All Fields] 

AND ("ctnnb1 protein human"[Supplementary Concept] 

OR "ctnnb1 protein human"[All Fields] OR "beta 

catenin"[All Fields] OR "beta catenin"[Supplementary 

Concept] OR "beta catenin"[MeSH Terms] OR ("beta"[All 

Fields] AND "catenin"[All Fields])) AND 

("chemoresistance"[All Fields] OR "chemoresistant"[All 

Fields] OR "chemoresistence"[All Fields] OR 

"chemoresistent"[All Fields]) 

None 

PMC colorectal cancer 

Notch YAP 

chemoresistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND ("notch"[All Fields] 

OR "notch s"[All Fields] OR "notched"[All Fields] OR 

"notches"[All Fields] OR "notching"[All Fields] OR 

"notchings"[All Fields] OR "notchs"[All Fields]) AND 

"YAP"[All Fields] AND ("chemoresistance"[All Fields] 

OR "chemoresistant"[All Fields] OR 

"chemoresistence"[All Fields] OR "chemoresistent"[All 

Fields]) 

None 

PMC colorectal cancer 

tumour 

microenvironment 

chemoresistance 

("colorectal neoplasms"[MeSH Terms] OR 

("colorectal"[All Fields] AND "neoplasms"[All Fields]) 

OR "colorectal neoplasms"[All Fields] OR 

("colorectal"[All Fields] AND "cancer"[All Fields]) OR 

"colorectal cancer"[All Fields]) AND ("tumour 

microenvironment"[All Fields] OR "tumor 

microenvironment"[MeSH Terms] OR ("tumor"[All 

Fields] AND "microenvironment"[All Fields]) OR "tumor 

microenvironment"[All Fields]) AND 

("chemoresistance"[All Fields] OR "chemoresistant"[All 

Fields] OR "chemoresistence"[All Fields] OR 

"chemoresistent"[All Fields]) 

None 

 

Supplementary Table S2. Structured evidence appraisal of all publications included in the review 

Purpose and interpretation. This table applies the structured evidence framework described in 

Section 2.4 to the evidence used for mechanistic or therapeutic conclusions. Publications used only for 

epidemiological, clinical-treatment, pathway, methodological or other background context are 

retained for completeness but are marked “Not independently graded”. Evidence grades refer to the 

specific claim for which a publication is used in this review, not to the overall methodological quality 

of the publication. 

Grading criteria. Strong: direct human/clinical validation of the specific resistance claim together 

with concordant mechanistic experimental evidence. Moderate: direct mechanistic evidence with 

functional validation across complementary CRC models, including organoid and/or in vivo 
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evidence. Limited: direct evidence confined predominantly to cell-line/single-model studies, clinical 

association without functional causality, or incomplete functional validation. Indirect: evidence 

extrapolated from related biological, cancer or treatment contexts without direct demonstration of the 

specific acquired CRC chemotherapy-resistance mechanism. “Not established” is used in the main-

text pathway table when no direct pathway–resistance relationship was identified; contextual sources 

in this supplementary table are instead marked “Not independently graded”. 

Ref. / 

study 

Study/so

urce type 

Treatmen

t or 

resistanc

e context 

Role in 

this 

review 

Specific 

claim 

supporte

d 

Dire

ct 

relev

ance 

Functional 

validation 

Comple

mentar

y / 

human 

validati

on 

Evid

ence 

grad

e 

Basis for 

grade / 

key 

limitatio

n 

[1] 

Bray 

et al., 

2024 

Epidemio

logical 

source 

CRC 

epidemio

logy 

Context

ual 

evidenc

e only 

Global 

cancer 

incidence 

and 

mortality 

context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[2] 

Rosha

ndel 

et al., 

2024 

Review/b

ackgroun

d 

CRC 

epidemio

logy 

Context

ual 

evidenc

e only 

Epidemio

logy, risk 

factors 

and 

preventio

n 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[3] 

Siegel 

et al., 

2024 

Epidemio

logical 

source 

Cancer 

epidemio

logy 

Context

ual 

evidenc

e only 

Contemp

orary 

cancer 

statistics 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

Not 

indepen

dently 

apprais

Not 

inde

pend

ently 

Used for 

clinical, 

biological

, 

methodol
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this 

review 

ed for 

grade 

grad

ed 

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[4] de 

Gram

ont et 

al., 

2000 

Landmar

k clinical 

trial 

FOLFOX/

CRC 

treatment 

Context

ual 

evidenc

e only 

Establishe

s 

fluoroura

cil/oxalipl

atin 

clinical 

treatment 

context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[5] 

Tourn

igand 

et al., 

2004 

Landmar

k clinical 

trial 

FOLFIRI/

FOLFOX 

Context

ual 

evidenc

e only 

Establishe

s 

standard 

treatment 

sequencin

g 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[6] 

Cassi

dy et 

al., 

2008 

Clinical 

trial 

CAPOX Context

ual 

evidenc

e only 

Establishe

s 

capecitabi

ne/oxalipl

atin 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

Not 

indepen

dently 

apprais

Not 

inde

pend

ently 

Used for 

clinical, 

biological

, 

methodol
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treatment 

context 

this 

review 

ed for 

grade 

grad

ed 

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[7] 

Morri

s et 

al., 

2023 

Clinical 

guideline 

Metastati

c CRC 

Context

ual 

evidenc

e only 

Current 

systemic-

treatment 

context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[8] 

Loree 

et al., 

2017 

Review Metastati

c CRC 

Context

ual 

evidenc

e only 

Treatment

-

developm

ent 

context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[9] 

Oster

man 

et al., 

2020 

Clinical/e

pidemiol

ogical 

study 

CRC 

recurrenc

e 

Context

ual 

evidenc

e only 

Recurrenc

e-risk 

context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

Not 

indepen

dently 

apprais

Not 

inde

pend

ently 

Used for 

clinical, 

biological

, 

methodol
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this 

review 

ed for 

grade 

grad

ed 

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[10] 

Carlse

n et 

al., 

2021 

Preclinica

l cell-

based 

study 

1. 

Introduct

ion 

Context

ual 

evidenc

e only 

Used for 

contextua

l/backgro

und 

support 

in 1. 

Introducti

on. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[11] 

Blond

y et 

al., 

2020 

Review 5-FU 

resistance 

Context

ual 

evidenc

e only 

Backgrou

nd 

synthesis 

of 

fluoropyri

midine-

resistance 

mechanis

ms 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[12] 

Marti

nez-

Balibr

ea et 

Review Oxaliplati

n 

resistance 

Context

ual 

evidenc

e only 

Backgrou

nd 

synthesis 

of 

platinum-

Cont

ext 

only 

Not 

applicable 

for 

grading in 

Not 

indepen

dently 

apprais

Not 

inde

pend

ently 

Used for 

clinical, 

biological

, 

methodol
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al., 

2015 

resistance 

mechanis

ms 

this 

review 

ed for 

grade 

grad

ed 

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[13] 

Pires 

et al., 

2010 

Preclinica

l cell-

based 

study 

1. 

Introduct

ion 

Context

ual 

evidenc

e only 

Used for 

contextua

l/backgro

und 

support 

in 1. 

Introducti

on. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[14] 

Gilber

t et 

al., 

2012 

Review Irinoteca

n/TOP1 

Context

ual 

evidenc

e only 

TOP1 

biomarker

s and 

therapeuti

c context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[15] 

Wood 

et al., 

2015 

Preclinica

l in 

vitro/in 

vivo 

study 

1. 

Introduct

ion 

Context

ual 

evidenc

e only 

Used for 

contextua

l/backgro

und 

support 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

Not 

indepen

dently 

apprais

Not 

inde

pend

ently 

Used for 

clinical, 

biological

, 

methodol
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in 1. 

Introducti

on. 

this 

review 

ed for 

grade 

grad

ed 

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[16] 

De 

Angel

is et 

al., 

2006 

Acquired 

5-FU-

resistant 

colon 

cancer 

cell lines 

5-FU 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Stable 5-

FU-

resistant 

cells show 

altered 

treatment 

and 

recovery 

responses

. 

Yes Drug 

exposure, 

withdrawa

l and 

recovery/r

echallenge

-type 

assessmen

t. 

Cell-

line 

models 

only. 

Limi

ted 

Direct 

acquired-

resistance 

evidence, 

but 

validatio

n is 

confined 

to cell 

models. 

[17] 

Mola

vand 

et al., 

2025 

Review/c

ontextual 

synthesis 

CRC 

chemores

istance 

Context

ual 

evidenc

e only 

Broad 

drug-

resistance 

and 

signalling 

context. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

contextua

l/backgro

und 

support 

only. 

[18] 

Qiu et 

al., 

2026 

Review/c

ontextual 

synthesis 

CRC 

chemores

istance 

Context

ual 

evidenc

e only 

Broad 

contempo

rary 

resistance

-

mechanis

m 

synthesis. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

contextua

l/backgro

und 

support 

only. 

[19] 

Zhan

g et 

al., 

2008 

Review 5-FU 

mechanis

m/resista

nce 

Context

ual 

evidenc

e only 

Pharmaco

logical 

and 

molecular 

backgrou

nd for 5-

FU 

resistance. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

backgrou

nd 

synthesis 

only. 

[20] 

Peters 

et al., 

2002 

Review 5-

FU/TYMS 

Context

ual 

evidenc

e only 

TYMS 

and 

fluoropyri

midine-

response 

context. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical/m

echanistic 

context 

rather 

than 

independ

ent 

grading. 
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[21] 

Verm

a et 

al., 

2022 

Review 5-

FU/DPD 

Context

ual 

evidenc

e only 

DPD-

mediated 

fluoropyri

midine 

metabolis

m/resista

nce 

context. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

evidence 

only. 

[22] 

Gmei

ner et 

al., 

2023 

Review/c

ontextual 

synthesis 

5-FU 

metabolis

m 

Context

ual 

evidenc

e only 

Fluoropyr

imidine 

pharmaco

logy and 

resistance 

context. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[23] 

Zhan

g et 

al., 

2020 

CRC cell, 

mouse 

and 

human 

translatio

nal study 

5-FU 

resistance

; DPD-

mediated 

drug 

catabolis

m 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

SphK2 

promotes 

H3K56ac-

mediated 

DPD 

expressio

n and 5-

FU 

catabolis

m, 

thereby 

conferrin

g 5-FU 

resistance; 

SphK2 

inhibition 

reverses 

resistance 

in 

experime

ntal CRC 

models. 

Yes SphK2 

genetic/ph

armacolog

ical 

manipulati

on, ChIP-

seq/lucifer

ase assays 

and 5-FU 

response 

testing. 

CRC 

cell 

lines, 

transge

nic/kno

ckout 

and 

xenogra

ft 

mouse 

models, 

plus 

human 

CRC 

tissue 

showin

g 

SphK2–

DPD 

associat

ion. 

Mod

erate 

Direct 

functiona

l 

resistance 

mechanis

m 

validated 

across 

complem

entary in 

vitro and 

in vivo 

CRC 

models; 

human 

tissue 

supports 

the 

molecular 

associatio

n but 

does not 

provide 

direct 

treatment

-outcome 

validatio

n. 

[24] 

Wilso

n et 

al., 

2008 

Review/p

erspectiv

e 

5-

FU/nucle

otide 

metabolis

m 

Context

ual 

evidenc

e only 

Nucleotid

e-

metabolis

m and 

treatment

-response 

context. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Backgrou

nd source 

only. 

[25] 

Strav

opodi

s et 

al., 

2011 

Non-

CRC 

bladder 

cancer 

cell study 

5-FU/TS-

p53 

apoptosis 

context 

Graded 

supporti

ng 

evidenc

e 

TS 

inhibition 

can 

trigger 

p53-

dependen

t and 

independ

Parti

al/in

direc

t 

Functional 

perturbati

on in a 

non-CRC 

model. 

Non-

CRC 

cell 

model. 

Indir

ect 

Relevant 

to 

fluoropyr

imidine/p

53 

biology, 

but not 

direct 
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ent 

apoptosis. 

evidence 

of 

acquired 

CRC 

chemores

istance. 

[26] 

Domi

nijann

i et 

al., 

2018 

CRC cell 

study 

5-

FU/p53-

depende

nt 

response 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

p53 status 

alters 

fluoropyri

midine 

response. 

Yes Treatment

-response 

compariso

n across 

p53 

contexts. 

Cell 

models 

only. 

Limi

ted 

Direct 

CRC 

drug-

response 

evidence 

without 

complem

entary 

organoid, 

in vivo or 

clinical 

validatio

n. 

[27] 

Tae et 

al., 

2026 

5-FU-

resistant 

CRC 

cells, 

patient-

derived 

organoid

s and 

xenograft

s 

Acquired 

5-FU 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

EHMT2-

PPM1B 

signalling 

supports 

5-FU 

resistance; 

EHMT2 

inhibition 

restores 

sensitivity

. 

Yes EHMT2 

knockdow

n/pharmac

ological 

inhibition 

with 

sensitisati

on, cell-

cycle and 

apoptosis 

assays. 

Resistan

t CRC 

cells, 

PDOs, 

xenogra

fts; 

patient-

respons

e 

associat

ion is 

support

ive. 

Mod

erate 

Direct 

mechanis

m 

validated 

across 

complem

entary 

advanced 

models; 

therapeut

ic 

inhibition 

remains 

preclinica

l. 

[28] 

Cai et 

al., 

2025 

5-FU-

resistant 

CRC cell 

and in 

vivo 

models 

5-FU 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

UGDH 

promotes 

5-FU 

resistance 

through 

ROS-

PI3K/AK

T-

EEF1A2-

PRDX1 

signalling

. 

Yes Stable 

knockdow

n/overexpr

ession 

with ROS, 

apoptosis 

and 5-FU 

response 

assays. 

In vitro 

and in 

vivo 

CRC 

models. 

Mod

erate 

Direct 

mechanis

tic 

perturbati

on with 

complem

entary in 

vivo 

validatio

n. 

[29] 

Seeth

aram 

et al., 

2009 

Review/c

ontextual 

synthesis 

Oxaliplati

n 

resistance 

Context

ual 

evidenc

e only 

Oxaliplati

n-

resistance 

backgrou

nd. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Contextu

al 

secondar

y 

evidence 

only. 

[30] 

Alcin

dor et 

al., 

2011 

Review/c

ontextual 

synthesis 

Oxaliplati

n 

mechanis

m 

Context

ual 

evidenc

e only 

Platinum 

pharmaco

logy and 

resistance 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

Not 

indepen

dently 

apprais

Not 

inde

pend

ently 

Contextu

al 

secondar

y 
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backgrou

nd. 

this 

review 

ed for 

grade 

grad

ed 

evidence 

only. 

[31] 

Seeth

aram 

et al., 

2010 

Oxaliplat

in-

resistant 

CRC cell 

models 

Oxaliplati

n 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

ERCC1 

upregulat

ion 

contribute

s to 

oxaliplati

n 

resistance. 

Yes ERCC1 

siRNA 

silencing 

restores 

oxaliplatin 

sensitivity. 

Cell 

models 

only. 

Limi

ted 

Direct 

functiona

l 

evidence, 

but 

restricted 

to cellular 

models. 

[32] 

Boha

nes et 

al., 

2011 

Review/c

ontextual 

synthesis 

Oxaliplati

n/DNA 

repair 

Context

ual 

evidenc

e only 

DNA-

repair-

associated 

platinum-

resistance 

context. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

backgrou

nd 

synthesis 

only. 

[33] 

Kim 

et al., 

2009 

Clinical 

CRC 

cohort 

5-

FU/oxalip

latin 

treatment 

response 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

ERCC1/T

S/GSTπ 

expressio

n is 

associated 

with 

treatment 

outcome. 

Yes Clinical 

association 

only. 

Human 

clinical 

cohort. 

Limi

ted 

Direct 

human 

treatment 

associatio

n, but no 

functiona

l 

mechanis

tic 

validatio

n. 

[34] 

Gao 

et al., 

2026 

CRC 

cells, 

DTPs, 

organoid

s and in 

vivo 

tumour 

models 

Oxaliplati

n 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

LIG1-

dependen

t repair 

limits 

oxaliplati

n 

response; 

LIG1 

targeting 

with 

gamboge

nic acid 

restores 

sensitivity

. 

Yes LIG1 

targeting, 

DNA-

repair 

assays and 

chemosens

itivity 

testing. 

Cells, 

DTPs, 

organoi

ds and 

in vivo 

models. 

Mod

erate 

Direct 

functiona

l evidence 

reproduc

ed across 

several 

complem

entary 

preclinica

l systems. 

[35] 

Lee et 

al., 

2023 

CRC cell 

models 

Oxaliplati

n 

response 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Glutathio

ne 

depletion 

sensitises 

CRC cells 

to 

oxaliplati

n. 

Yes Pharmacol

ogical 

perturbati

on with 

chemosens

itivity 

testing. 

Cell 

models 

only. 

Limi

ted 

Direct 

functiona

l support 

without 

complem

entary 

advanced

-model 

validatio

n. 

[36] 

Pedra

z-

Cuest

a et 

Drug-

resistant 

CRC cell 

models 

SN-

38/oxalipl

atin 

response 

Graded 

mechani

stic/ther

apeutic 

Glutamat

e 

transport 

and 

glutathio

Yes Transporte

r 

inhibition 

with drug-

Cell 

models 

only. 

Limi

ted 

Direct 

cellular 

evidence 

but no 

complem
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al., 

2015 

evidenc

e 

ne 

availabilit

y 

influence 

oxaliplati

n/SN-38-

induced 

cell death. 

response 

assays. 

entary 

organoid, 

in vivo or 

clinical 

validatio

n. 

[37] 

Fu et 

al., 

2024 

Oxaliplat

in-

resistant 

CRC cells 

and in 

vivo 

models 

Oxaliplati

n 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

AKR1C1-

STAT3 

signalling 

raises 

glutathio

ne and 

drives 

oxaliplati

n 

resistance. 

Yes Genetic 

silencing 

and 

pharmacol

ogical 

inhibition 

restore 

oxaliplatin 

sensitivity. 

Cell 

models 

plus in 

vivo 

resistan

t-

tumour 

models. 

Mod

erate 

Direct 

functiona

l 

resistance 

mechanis

m with 

complem

entary in 

vivo 

validatio

n. 

[38] 

Buß 

et al., 

2018 

CRC cell 

models 

Oxaliplati

n 

uptake/re

sistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

CTR1 and 

organic 

cation 

transporte

rs 

influence 

oxaliplati

n uptake 

and 

resistance. 

Yes Transport/

uptake 

and drug-

response 

analyses. 

Cell 

models 

only. 

Limi

ted 

Direct 

transport

er 

evidence, 

but 

confined 

to cellular 

models. 

[39] 

Le 

Roy 

et al., 

2016 

Clinical 

case-

control 

study 

FOLFOX-

4/oxalipla

tin 

response 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Tumour 

expressio

n of 

oxaliplati

n 

transporte

rs is 

associated 

with 

response 

to 

adjuvant 

FOLFOX-

4. 

Yes Clinical 

association

; no 

experimen

tal 

perturbati

on. 

Human 

CRC 

treatme

nt 

cohort. 

Limi

ted 

Direct 

human 

treatment

-response 

evidence, 

but 

mechanis

tic 

causality 

is not 

establishe

d. 

[40] 

Marti

nez-

Berna

be et 

al., 

2024 

CRC 

translatio

nal 

biomarke

r study 

Oxaliplati

n 

response/

metabolic 

state 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Oxidative

-

phosphor

ylation 

features 

are 

evaluated 

as 

predictors 

of 

oxaliplati

n 

response. 

Yes Biomarker

/response 

analysis. 

Translat

ional 

evidenc

e; 

mechan

istic 

perturb

ation is 

limited. 

Limi

ted 

Relevant 

to 

treatment 

response, 

but 

functiona

l 

validatio

n of a 

resistance 

mechanis

m is 

incomplet

e. 
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[41] 

Jeong 

et al., 

2019 

Oxaliplat

in-

resistant 

CRC cell 

models 

Oxaliplati

n 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Cannabid

iol 

restores 

oxaliplati

n 

response 

through 

NOS3/SO

D2-

associated 

autophag

y. 

Yes Pharmacol

ogical 

treatment 

with 

mechanisti

c and 

chemosens

itivity 

assays. 

Predom

inantly 

cell-

based 

evidenc

e. 

Limi

ted 

Direct 

resistance

-reversal 

evidence, 

but 

complem

entary 

organoid/

in 

vivo/clini

cal 

validatio

n is 

limited in 

the 

evidence 

used 

here. 

[42] 

Thom

as et 

al., 

2019 

Review Irinoteca

n 

resistance 

Context

ual 

evidenc

e only 

TOP1/irin

otecan 

therapeuti

c 

backgrou

nd. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Contextu

al review 

only. 

[43] 

Ozaw

a et 

al., 

2021 

Review/c

ontextual 

synthesis 

Irinoteca

n 

resistance 

Context

ual 

evidenc

e only 

Cellular 

irinotecan 

resistance 

and 

therapeuti

c-

combinati

on 

context. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Review 

article; 

did not 

independ

ently 

contribut

e to an 

evidence 

grade. 

[44] 

Gong

ora et 

al., 

2011 

Camptot

hecin-

resistant 

cancer 

cell 

models 

TOP1-

mediated 

irinoteca

n-class 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

TOP1 

mutations 

are 

associated 

with 

resistance 

to 

camptoth

ecin-class 

agents. 

Parti

al 

Resistant-

model 

molecular 

characteris

ation. 

Predom

inantly 

cell 

models; 

not a 

comple

mentary 

CRC 

model 

series. 

Limi

ted 

Direct 

target-

based 

resistance 

evidence, 

but 

limited 

model 

breadth 

and CRC-

specific 

translatio

nal 

validatio

n. 

[45] 

Jense

n et 

al., 

2016 

SN-38-

resistant 

human 

colon 

cancer 

cell lines 

Irinoteca

n/SN-38 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Resistanc

e-

associated 

TOP1 

mutations 

occur in 

SN-38-

resistant 

colon 

Yes Establishe

d 

acquired-

resistant 

cell 

models 

with TOP1 

characteris

ation. 

Cell 

models 

only. 

Limi

ted 

Direct 

acquired-

resistance 

evidence 

without 

organoid, 

in vivo or 

clinical 
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cancer 

cells. 

validatio

n. 

[46] 

Nielse

n et 

al., 

2017 

Review ABCG2/ir

inotecan 

Context

ual 

evidenc

e only 

Context 

for 

transporte

r-

mediated 

irinotecan 

response. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Review 

article 

used for 

contextua

l 

synthesis 

only. 

[47] 

de 

Man 

et al., 

2018 

Review/c

ontextual 

synthesis 

Irinoteca

n 

pharmac

ology 

Context

ual 

evidenc

e only 

Pharmaco

kinetic, 

pharmaco

dynamic 

and 

pharmaco

genetic 

context 

for 

irinotecan

. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Review 

article; 

did not 

independ

ently 

increase a 

mechanis

tic 

evidence 

grade. 

[48] 

Wang 

et al., 

2012 

Clinical 

CRC 

cohort 

Irinoteca

n/5-FU 

pharmac

ogenetics 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

UGT1A1 

genotype 

is 

associated 

with 

outcomes 

during 

irinotecan

-based 

treatment. 

Parti

al 

Clinical 

association 

only. 

Human 

treatme

nt 

cohort. 

Indir

ect 

Clinically 

relevant 

to 

irinotecan 

exposure/

outcome, 

but does 

not 

directly 

establish 

tumour-

cell 

acquired 

resistance

. 

[49] 

Jossé 

et al., 

2014 

Cancer 

cell and 

in vivo 

models 

TOP1-

inhibitor 

response 

Graded 

supporti

ng 

evidenc

e 

ATR 

inhibition 

increases 

sensitivity 

to TOP1 

inhibition

/irinoteca

n. 

Parti

al/in

direc

t 

Pharmacol

ogical 

ATR 

inhibition. 

In vivo 

validati

on. 

Indir

ect 

Evidence 

is 

extrapolat

ed from a 

related 

biological

/treatmen

t context 

rather 

than 

directly 

demonstr

ating the 

specific 

acquired 

CRC 

pathway-

resistance 

mechanis

m. 
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[50] 

Manic 

et al., 

2021 

Primary 

CRC 

stem-cell 

and in 

vivo 

models 

Replicati

on-stress 

survival 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

PARP1-

MRE11-

RAD51 

program

mes 

support 

replicatio

n-stress 

tolerance 

in CRC 

stem cells. 

Parti

al 

PARP1/M

RE11/RAD

51 

perturbati

on with 

sensitisati

on assays. 

Primary 

CRC 

stem-

cell 

models 

with 

comple

mentary 

function

al 

testing. 

Indir

ect 

Strong 

CRC 

replicatio

n-stress 

biology, 

but no 

direct 

demonstr

ation of 

the 

specific 

irinotecan

/Wnt/Not

ch/YAP 

relationsh

ip graded 

in Table 

2. 

[51] 

Lin et 

al., 

2025 

FBW7-

deficient 

CRC 

cells, 

patient 

tissue 

and 

xenograft

s 

Irinoteca

n/SN-38 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

FBW7 

deficiency 

stabilises 

MCL1 

and 

drives 

irinotecan 

resistance; 

maritocla

x restores 

sensitivity

. 

Yes CRISPR/R

NAi, 

MCL1 

manipulati

on and 

pharmacol

ogical 

resensitisa

tion. 

CRC 

patient 

tissue 

plus in 

vivo 

xenogra

fts. 

Mod

erate 

Direct 

mechanis

m with 

complem

entary in 

vivo and 

supportiv

e human 

tissue 

evidence; 

the 

therapeut

ic 

interventi

on 

remains 

preclinica

l. 

[52] 

Chen 

et al., 

2022 

Mini-

review 

CRC CSC 

chemores

istance 

Context

ual 

evidenc

e only 

CSC-

related 

chemoresi

stance 

context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[53] 

Begic

evic 

et al., 

2017 

Review ABC 

transport

ers/CSCs 

Context

ual 

evidenc

e only 

ABC-

transporte

r 

contributi

on to CSC 

drug 

resistance. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[54] 

Hsu 

et al., 

2018 

Oxaliplat

in-

resistant 

CRC cell 

models 

Oxaliplati

n/cross-

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

ABCG2 

activation 

reduces 

ER-stress-

mediated 

apoptosis 

and 

contribute

Yes ABCG2/pa

thway 

manipulati

on and 

chemosens

itivity 

testing. 

Cell 

models 

only. 

Limi

ted 

Direct 

functiona

l 

evidence, 

but no 

higher-

order 
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s to 

oxaliplati

n 

resistance. 

validatio

n. 

[55] 

Zhon

g et 

al., 

2024 

Review CRC 

stem cells 

Context

ual 

evidenc

e only 

CSC 

contributi

on to 

drug 

resistance 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[56] 

Garza

-

Trevi

ño et 

al., 

2015 

Review Colon 

CSCs 

Context

ual 

evidenc

e only 

CSC 

biology 

and 

therapeuti

c context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[57] 

Escala

nte et 

al., 

2021 

Review EMT/FO

LFOX 

resistance 

Context

ual 

evidenc

e only 

EMT-

associated 

resistance 

context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[58] 

Sun et 

al., 

2017 

CRC cell 

lines plus 

chemothe

rapy-

treated 

stage 

II/III 

patient 

cohort 

5-FU 

resistance

; 

Notch/H

ES1 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

HES1 

promotes 

5-FU 

resistance 

through 

EMT and 

ABC-

transporte

r 

induction. 

Yes HES1 

overexpres

sion/inhibi

tion with 

cytotoxicit

y and 

molecular 

assays. 

Human 

adjuvan

t-

chemot

herapy 

cohort 

linked 

HES1 to 

recurre

nce. 

Limi

ted 

Direct 

functiona

l evidence 

in CRC 

cell 

models 

with 

supportiv

e 

retrospect

ive 

clinical 

associatio

n, but the 

human 

data do 

not 

directly 

validate 

HES1-

mediated 

5-FU 

resistance 

causally. 

[59] 

Jiang 

et al., 

2017 

Review EMT/AB

C 

transport

ers 

Context

ual 

evidenc

e only 

EMT–

transporte

r 

relationsh

ip 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[60] 

Fodde

, 2002 

Review APC Context

ual 

evidenc

e only 

APC 

biology in 

CRC 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

Not 

indepen

dently 

apprais

Not 

inde

pend

ently 

Foundati

onal 

backgrou
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this 

review 

ed for 

grade 

grad

ed 

nd source 

only. 

[61] 

Schat

off et 

al., 

2017 

Review Wnt/CRC Context

ual 

evidenc

e only 

Canonical 

Wnt 

pathway 

backgrou

nd 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Foundati

onal 

backgrou

nd source 

only. 

[62] 

Hank

ey et 

al., 

2018 

Review APC/Wnt Context

ual 

evidenc

e only 

APC-

dependen

t and 

independ

ent 

signalling 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Backgrou

nd source 

only. 

[63] 

He et 

al., 

1998 

Foundati

onal 

mechanis

tic study 

c-

MYC/Wn

t 

Context

ual 

evidenc

e only 

Establishe

s c-MYC 

as an 

APC/β-

catenin 

target 

Cont

ext 

only 

Not 

applicable 

for 

resistance 

grading 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Foundati

onal 

pathway 

evidence, 

not 

acquired 

chemores

istance. 

[64] 

Shtut

man 

et al., 

1999 

Foundati

onal 

mechanis

tic study 

Cyclin 

D1/Wnt 

Context

ual 

evidenc

e only 

Establishe

s cyclin 

D1 as a β-

catenin 

target 

Cont

ext 

only 

Not 

applicable 

for 

resistance 

grading 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Foundati

onal 

pathway 

evidence, 

not 

acquired 

chemores

istance. 

[65] 

Brabl

etz et 

al., 

2000 

Human 

patholog

y study 

β-

catenin/c-

MYC 

Context

ual 

evidenc

e only 

Human 

CRC Wnt-

expressio

n context 

Cont

ext 

only 

Not 

applicable 

for 

resistance 

grading 

Human 

tumour 

specime

ns 

Not 

inde

pend

ently 

grad

ed 

Provides 

pathway 

context 

rather 

than 

evidence 

for a 

specific 

acquired 

resistance 

claim. 

[66] 

Chika

zawa 

et al., 

2010 

Chemoth

erapy-

resistant 

side-

populatio

n colon 

cancer 

cells 

Wnt-

associate

d 

multidru

g 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Wnt 

inhibition 

reduces 

chemothe

rapy-

resistant 

side-

populatio

n cells. 

Yes Wnt-

pathway 

inhibition 

with 

resistant-

population 

assessmen

t. 

Cell 

models 

only. 

Limi

ted 

Direct 

pathway-

related 

evidence, 

but 

limited to 

cellular 

models. 

[67] 

Liu et 

al., 

2021 

CRC 

cells, in 

vivo 

models 

and 

chemores

istant 

Wnt/stem

ness-

associate

d 

chemores

istance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Sec62 

promotes 

CRC 

stemness 

and 

chemoresi

stance 

Yes Sec62 

depletion/

overexpres

sion and 

pathway 

assays. 

In vivo 

models 

and 

human 

chemor

esistant 

Stron

g 

Functiona

l 

mechanis

m 

supporte

d by 

complem
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human 

CRC 

tissues 

through 

Wnt/β-

catenin 

signalling

. 

CRC 

tissue. 

entary in 

vivo and 

direct 

human 

chemores

istance 

evidence. 

[68] 

Chen 

et al., 

2019 

CRC 

experime

ntal 

study 

Wnt/stem

ness 

context 

Graded 

supporti

ng 

evidenc

e 

miR-

103/107 

prolongs 

Wnt/β-

catenin 

signalling 

and CRC 

stemness 

via 

AXIN2. 

Parti

al/in

direc

t 

Genetic 

manipulati

on. 

Experi

mental 

CRC 

models; 

no 

direct 

acquire

d drug-

resistan

ce 

demons

tration. 

Indir

ect 

Supports 

Wnt/stem

ness 

biology, 

but not a 

specific 

acquired 

chemothe

rapy-

resistance 

mechanis

m. 

[69] 

Stein 

et al., 

2012 

Colon 

cancer 

cell and 

human 

tumour 

analysis 

β-

catenin/A

BCB1 

drug-

efflux 

biology 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Mutant β-

catenin 

regulates 

ABCB1 

expressio

n. 

Parti

al 

β-catenin 

manipulati

on and 

promoter 

studies. 

Human 

tumour 

expressi

on 

analysis

; drug-

specific 

resistan

ce effect 

was not 

firmly 

establis

hed. 

Indir

ect 

Mechanis

tic 

ABCB1 

regulatio

n is 

shown, 

but the 

specific 

irinotecan

-

resistance 

relationsh

ip 

remains 

indirect. 

[70] 

Wang 

et al., 

2015 

5-FU-

resistant 

CRC cell 

models 

5-FU 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

TRPC5/W

nt-

associated 

signalling 

contribute

s to 5-FU 

resistance 

and its 

inhibition 

restores 

sensitivity

. 

Yes TRPC5 

inhibition 

with 5-FU 

resensitisa

tion 

assays. 

Predom

inantly 

cell 

models. 

Limi

ted 

Direct 

functiona

l drug-

resistance 

evidence 

without 

complem

entary 

advanced

-model 

validatio

n. 

[71] 

Lapha

m et 

al., 

2009 

CRC cell 

study 

Wnt/apo

ptosis 

context 

Graded 

supporti

ng 

evidenc

e 

β-

catenin/T

CF4 

transcripti

onally 

activates 

BCL-W. 

Parti

al/in

direc

t 

Promoter/

pathway 

manipulati

on. 

Cell 

models 

only. 

Indir

ect 

Establishe

s Wnt-

BCL-W 

biology, 

but not 

direct 

acquired 

5-FU 

resistance

. 
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[72] 

Pate 

et al., 

2014 

CRC 

metabolic

/pathway 

study 

Wnt/meta

bolic 

adaptatio

n context 

Graded 

supporti

ng 

evidenc

e 

Wnt 

signalling 

directs 

glycolytic

/angiogen

ic 

metabolic 

program

mes. 

Parti

al/in

direc

t 

Wnt/meta

bolic 

manipulati

on. 

Experi

mental 

CRC 

models. 

Indir

ect 

Supports 

metabolic 

conseque

nces of 

Wnt, not 

a drug-

specific 

acquired-

resistance 

phenotyp

e. 

[73] 

Wang 

et al., 

2017 

CRC cell 

and 

clinical 

tissue 

associatio

n study 

5-FU 

chemores

istance/m

etabolic 

adaptatio

n 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

TRPC5 

and 

GLUT1 

expressio

n is 

associated 

with CRC 

chemoresi

stance. 

Yes Expression 

and 

treatment-

response 

association

; 

mechanisti

c 

perturbati

on is 

limited in 

this paper. 

Human 

CRC 

tissue 

associat

ion. 

Limi

ted 

Human 

associatio

n 

supports 

relevance, 

but direct 

functiona

l causality 

is 

incomplet

e. 

[74] 

Yuan 

et al., 

2020 

Review Wnt/CRC 

resistance 

Context

ual 

evidenc

e only 

Wnt-

associated 

stemness 

and 

treatment

-survival 

context. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

contextua

l/backgro

und 

support 

only. 

[75] 

Ayadi 

et al., 

2015 

Multiple 

acquired 

chemothe

rapy-

resistant 

CRC cell 

lines 

Chronic 

chemothe

rapy/Wnt

-stemness 

adaptatio

n 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Chronic 

chemothe

rapeutic 

stress can 

alter 

stemness 

and 

Wnt/β-

catenin 

signalling 

in 

resistant 

CRC cells. 

Yes Long-term 

acquired-

resistance 

models 

with 

pathway 

inhibition. 

Cell 

models 

only. 

Limi

ted 

Direct 

acquired-

resistance 

modellin

g, but 

pathway 

inhibition 

did not 

establish 

a 

universal 

Wnt 

dependen

cy and no 

advanced

-model 

validatio

n was 

provided. 

[76] 

Touil 

et al., 

2014 

Acquired 

5-FU-

resistant 

CRC cells 

plus 

human 

post-5-

FU liver 

5-FU 

quiescent

/DTP-like 

survival; 

c-

Yes/YAP 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

c-

Yes/YAP-

associated 

reversible 

quiescenc

e 

supports 

survival 

Yes YES1/YAP 

functional 

manipulati

on and 

treatment/

re-

exposure 

analysis. 

Human 

liver 

metasta

ses after 

5-FU-

based 

neoadju

vant 

Limi

ted 

Direct 

functiona

l evidence 

for a 

reversible 

treatment

-

surviving 
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metastas

es 

after 5-FU 

and 

relates to 

relapse. 

chemot

herapy. 

state with 

supportiv

e 

treatment

-exposed 

human 

material, 

but the 

human 

evidence 

does not 

directly 

establish 

c-

Yes/YAP1

-

mediated 

reversible 

quiescenc

e as a 

stable 

acquired-

resistance 

mechanis

m. 

[77] 

Park 

et al., 

2021 

CRC 

cells, 

mouse 

models 

and 

patient 

tumours 

after 

chemora

diation 

Wnt-

associate

d therapy 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

CD45-

Wnt 

signalling 

promotes 

stemness 

and 

survival 

after 5-

FU/chemo

radiation. 

Yes CD45 

depletion 

and 

pathway 

assays 

with 

therapy-

response 

testing. 

Mouse 

models 

and 

human 

pretreat

ed 

tumour 

specime

ns. 

Stron

g 

Functiona

l 

mechanis

m with 

direct 

validatio

n in 

treatment

-exposed 

human 

CRC 

material. 

[78] 

He et 

al., 

2018 

5-FU-

resistant 

CRC cell 

and 

xenograft 

models 

5-FU/Wnt 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Wnt/β-

catenin-

CHK1 

signalling 

contribute

s to 5-FU 

resistance. 

Yes Wnt and 

CHK1 

manipulati

on with 

chemosens

itivity 

testing. 

In vivo 

xenogra

ft 

validati

on. 

Mod

erate 

Direct 

functiona

l evidence 

with 

complem

entary in 

vivo 

validation

; no 

human or 

clinical 

validation

. 

[79] 

Liu et 

al., 

2021 

CRC cells 

and 

xenograft

s 

Oxaliplati

n 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

SOX9-

MMS22L-

dependen

t DNA 

repair 

promotes 

oxaliplati

Yes SOX9/MM

S22L 

overexpres

sion/knock

down, 

DNA-

repair and 

In vivo 

xenogra

ft 

validati

on; 

human 

CRC 

Mod

erate 

Direct 

functiona

l 

mechanis

m with 

complem

entary in 



Supplementary Table S1 and Supplementary Table S2 
 

n 

resistance. 

chemosens

itivity 

assays. 

expressi

on/prog

nostic 

associat

ion. 

vivo 

validatio

n; human 

data are 

supportiv

e rather 

than 

direct 

treatment

-

validatio

n. 

[80] 

Huan

g et 

al., 

2024 

Oxaliplat

in-

resistant 

CRC 

models 

with in 

vivo 

validatio

n 

Oxaliplati

n 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Wnt/β-

catenin-

IMPDH2-

driven 

purine 

metabolis

m 

promotes 

oxaliplati

n 

resistance. 

Yes Wnt/IMPD

H2 

manipulati

on, 

metabolic 

rescue and 

chemosens

itivity 

assays. 

Comple

mentary 

in vivo 

CRC 

models. 

Mod

erate 

Direct 

functiona

l 

mechanis

m 

reproduc

ed 

beyond 

cell 

culture. 

[81] 

Betso

n et 

al., 

2022 

Multiple 

CRC cell 

lines 

Chemoth

erapy 

response/

ABC 

transport

ers 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

IGF2BP1 

supports 

ABCB1/A

BCG2 

expressio

n and 

chemoresi

stance, 

including 

irinotecan 

response. 

Yes IGF2BP1 

knockdow

n with 

chemosens

itivity/apo

ptosis 

assays. 

Cell 

models 

only. 

Limi

ted 

Direct 

functiona

l evidence 

but no 

organoid, 

in vivo or 

human 

validatio

n. 

[82] 

Shah 

et al., 

2021 

Review PORCN 

inhibitors 

Context

ual 

evidenc

e only 

Wnt-

targeted 

therapeuti

c context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[83] 

Rodo

n et 

al., 

2021 

Phase I 

study 

WNT974 Context

ual 

evidenc

e only 

Clinical 

Wnt-

inhibitor 

safety/acti

vity 

context 

Cont

ext 

only 

Not 

applicable 

for 

resistance 

grading 

Human 

phase I 

trial 

Not 

inde

pend

ently 

grad

ed 

Used to 

establish 

pathway-

targeting 

feasibility 

rather 

than 

acquired 

chemothe

rapy-

resistance 

evidence. 

[84] 

Flana

gan et 

al., 

2022 

Review PORCN 

inhibition 

Context

ual 

evidenc

e only 

Ligand-

dependen

t Wnt 

targeting 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

Not 

indepen

dently 

apprais

Not 

inde

pend

ently 

Secondar

y 

contextua

l source 

only. 
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this 

review 

ed for 

grade 

grad

ed 

[85] 

Mada

n et 

al., 

2016 

Preclinica

l cancer 

study 

Wnt-

targeted 

therapy 

context 

Graded 

supporti

ng 

evidenc

e 

PORCN 

inhibition 

suppresse

s ligand-

dependen

t Wnt-

driven 

tumours. 

Parti

al/in

direc

t 

Pharmacol

ogical Wnt 

inhibition. 

In vivo 

models. 

Indir

ect 

Pathway-

targeting 

evidence 

without 

direct 

acquired 

CRC 

chemothe

rapy-

resistance 

modellin

g. 

[86] 

Bond 

et al., 

2016 

Human 

CRC 

molecula

r study 

Wnt-

targeting 

stratificat

ion 

Graded 

supporti

ng 

evidenc

e 

RNF43/Z

NRF3 

alteration

s define 

ligand-

dependen

t Wnt 

contexts. 

Parti

al/in

direc

t 

Molecular 

association

. 

Human 

tumour

s. 

Indir

ect 

Relevant 

to 

pathway 

stratificati

on, not 

direct 

acquired 

chemores

istance. 

[87] 

Huels 

et al., 

2018 

Intestinal

/CRC in 

vivo 

study 

Wnt 

biology/t

argeting 

Graded 

supporti

ng 

evidenc

e 

Wnt 

ligands 

influence 

tumour 

initiation 

and stem-

cell 

competiti

on. 

Parti

al/in

direc

t 

Genetic/pa

thway 

manipulati

on. 

In vivo 

models. 

Indir

ect 

Supports 

pathway 

biology 

and 

targeting 

limitation

s rather 

than 

acquired 

chemothe

rapy 

resistance

. 

[88] 

Taber

nero 

et al., 

2023 

Phase 

Ib/II 

study 

WNT974 

combinati

ons 

Context

ual 

evidenc

e only 

Clinical 

Wnt-

targeting 

context 

Cont

ext 

only 

Not 

applicable 

for 

resistance 

grading 

Human 

clinical 

trial 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical 

pathway-

targeting 

context, 

not direct 

acquired 

chemores

istance 

evidence. 

[89] 

Nach

ef et 

al., 

2026 

Review Wnt 

inhibitors 

Context

ual 

evidenc

e only 

Bone/on-

target 

toxicity 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[90] 

Shin 

et al., 

2017 

CRC in 

vitro/in 

vivo 

study 

Wnt-

targeted 

therapy 

Graded 

supporti

ng 

evidenc

e 

β-catenin-

TCF4 

inhibition 

suppresse

Parti

al/in

direc

t 

Direct 

pathway 

inhibition. 

Cell and 

in vivo 

models. 

Indir

ect 

Demonstr

ates Wnt 

druggabil

ity but 

not 
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s CRC 

growth. 

acquired 

chemothe

rapy 

resistance

. 

[91] 

Tanto

n et 

al., 

2022 

CRC 

preclinica

l study 

Wnt-

targeted 

therapy 

Graded 

supporti

ng 

evidenc

e 

β-

catenin/B

CL9 

inhibition 

suppresse

s 

oncogenic 

Wnt 

signalling

. 

Parti

al/in

direc

t 

Pharmacol

ogical 

pathway 

inhibition. 

Preclini

cal CRC 

models. 

Indir

ect 

Therapeu

tic 

pathway 

evidence 

without 

direct 

acquired 

chemothe

rapy-

resistance 

modellin

g. 

[92] 

Chen 

et al., 

2023 

Review Wnt 

targeting 

Context

ual 

evidenc

e only 

Strategies 

for Wnt 

inhibition 

in CRC 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[93] 

Kahn, 

2014 

Review Wnt 

safety 

Context

ual 

evidenc

e only 

Safety 

limitation

s of Wnt 

targeting 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[94] Ji 

et al., 

2022 

Translati

onal 

modellin

g 

WNT974 Context

ual 

evidenc

e only 

Dose-

selection/t

ranslation

al context 

Cont

ext 

only 

Not 

applicable 

for 

resistance 

grading 

Translat

ional 

pharma

cologica

l 

modelli

ng 

Not 

inde

pend

ently 

grad

ed 

Used for 

Wnt-

inhibitor 

developm

ent 

context 

rather 

than a 

resistance 

claim. 

[95] 

Cho 

et al., 

2020 

Mouse 

CRC 

models, 

patient-

derived 

tumour 

organoid

s and 

patient-

derived 

tumour 

cells 

5-FU-

induced 

stemness/

tumour 

repopulat

ion 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

5-FU 

activates 

p53-

WNT3-β-

catenin 

signalling

, 

enriching 

residual 

stem-like 

cells and 

promotin

g 

regrowth. 

Yes Pathway 

manipulati

on and 

Wnt 

inhibition 

with 

treatment/

withdrawa

l response. 

Mouse 

models 

plus 

patient-

derived 

organoi

d/cell 

models. 

Mod

erate 

Direct 

functiona

l 

chemothe

rapy-

adaptatio

n 

evidence 

across 

complem

entary 

advanced 

models; 

no 

prospecti

ve clinical 

validatio

n. 
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[96] 

Wang 

et al., 

2018 

Acquired 

5-FU-

resistant 

CRC cells 

plus 

human 

chemothe

rapy-

outcome 

cohort 

5-FU 

resistance

; 

TRPC5/G

LUT1-

depende

nt 

glycolytic 

adaptatio

n 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Enhanced 

glycolysis 

supports 

TRPC5-

associated 

5-FU 

resistance; 

glycolysis 

inhibition 

reverses 

resistance, 

and high 

TRPC5/G

LUT1 

expressio

n is 

associated 

with 

poorer 

chemothe

rapy 

outcome. 

Yes TRPC5 

knockdow

n and 

pharmacol

ogical 

glycolysis 

inhibition 

with ATP, 

apoptosis 

and 5-FU 

sensitivity 

assays. 

5-FU-

resistan

t CRC 

cell 

models 

plus 

human 

CRC 

tissue/cl

inical 

outcom

e 

associat

ion. 

Stron

g 

Direct 

functiona

l 5-FU-

resistance 

evidence 

with 

concorda

nt human 

chemothe

rapy-

outcome 

associatio

n, 

although 

the 

clinical 

evidence 

is 

observati

onal 

rather 

than 

prospecti

ve. 

[97] 

Tyagi 

et al., 

2020 

Review/c

ontextual 

synthesis 

Notch/C

RC 

Context

ual 

evidenc

e only 

Notch-

associated 

stemness, 

survival 

and 

therapeuti

c context. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

contextua

l/backgro

und 

support 

only. 

[98] 

van 

Es et 

al., 

2005 

Foundati

onal 

study 

Notch Context

ual 

evidenc

e only 

Intestinal 

differenti

ation and 

Notch 

biology 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Foundati

onal 

pathway 

context. 

[99] 

Sikan

dar et 

al., 

2010 

Experime

ntal/cont

extual 

source 

Notch/CS

C 

Context

ual 

evidenc

e only 

Tumour-

initiating-

cell and 

differenti

ation 

biology 

Cont

ext 

only 

Not 

applicable 

for 

resistance 

grading 

Experi

mental 

CRC 

models 

Not 

inde

pend

ently 

grad

ed 

Used to 

establish 

Notch/CS

C biology 

rather 

than 

direct 

chemothe

rapy 

resistance

. 

[100] 

Lu et 

al., 

2013 

CRC 

endotheli

al/stem-

cell 

experime

ntal 

study 

Notch/T

ME 

stemness 

Graded 

supporti

ng 

evidenc

e 

Endotheli

al Jagged1 

promotes 

a CRC 

stem-cell 

phenotyp

e. 

Parti

al/in

direc

t 

Jagged1/N

otch 

functional 

manipulati

on. 

Experi

mental/i

n vivo 

CRC 

models. 

Indir

ect 

Supports 

TME-

Notch 

stemness 

biology, 

not a 

direct 

acquired 

chemothe
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rapy-

resistance 

mechanis

m. 

[101] 

Radu 

et al., 

2024 

Review CRC 

CSCs 

Context

ual 

evidenc

e only 

Cancer-

stem-cell 

context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y source 

only. 

[102] 

Fende

r et 

al., 

2015 

CRC cell 

study 

Notch/E

MT/stem

ness 

Graded 

supporti

ng 

evidenc

e 

Notch1 

promotes 

stemness 

and EMT 

in CRC. 

Parti

al/in

direc

t 

Notch 

manipulati

on. 

Cell 

models. 

Indir

ect 

Adaptive

-state 

biology 

without 

drug-

specific 

acquired 

resistance

. 

[103] 

Pal et 

al., 

2018 

Metastati

c colon 

cancer 

preclinica

l study 

Notch/A

KT/EMT 

Graded 

supporti

ng 

evidenc

e 

Notch1/A

KT 

inhibition 

suppresse

s EMT. 

Parti

al/in

direc

t 

Functional 

pathway 

inhibition. 

Preclini

cal 

models. 

Indir

ect 

Related 

pathway 

evidence 

without 

direct 

chemothe

rapy-

resistance 

demonstr

ation. 

[104] 

Verm

eulen 

et al., 

2010 

CRC 

stem-cell 

translatio

nal study 

Wnt/stem

ness 

Graded 

supporti

ng 

evidenc

e 

Wnt 

activity 

defines 

colon 

CSCs and 

is 

microenvi

ronment-

regulated. 

Parti

al/in

direc

t 

Functional 

stem-cell 

assays. 

Human/

in vivo 

support

. 

Indir

ect 

Foundati

onal 

stemness 

evidence, 

not direct 

acquired 

chemothe

rapy 

resistance

. 

[105] 

Rodill

a et 

al., 

2009 

CRC 

experime

ntal 

study 

Wnt-

Notch 

crosstalk 

Graded 

supporti

ng 

evidenc

e 

Jagged1 

links Wnt 

and 

Notch 

pathways 

in CRC. 

Parti

al/in

direc

t 

Genetic/pa

thway 

manipulati

on. 

Preclini

cal CRC 

models. 

Indir

ect 

Establishe

s 

pathway 

crosstalk 

but not a 

drug-

specific 

resistance 

phenotyp

e. 

[106] 

Panne

quin 

et al., 

2009 

CRC cell 

study 

Wnt-

Notch 

crosstalk 

Graded 

supporti

ng 

evidenc

e 

Wnt 

target 

Jagged1 

mediates 

Notch 

activation 

by 

Parti

al/in

direc

t 

Pathway 

manipulati

on. 

Cell 

models. 

Indir

ect 

Mechanis

tic 

crosstalk 

evidence 

without 

direct 

acquired 
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progastri

n. 

chemores

istance. 

[107] 

Bertra

nd et 

al., 

2012 

Review Develop

mental 

pathways 

Context

ual 

evidenc

e only 

Wnt/Notc

h/BMP/H

edgehog 

crosstalk 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[108] 

Meng 

et al., 

2009 

Colon 

cancer 

cell 

models 

Oxaliplati

n/Notch 

adaptatio

n 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Oxaliplati

n 

activates 

Notch1; 

γ-

secretase 

inhibition 

enhances 

chemosen

sitivity. 

Yes γ-secretase 

inhibition 

and NICD 

manipulati

on with 

drug-

response 

assays. 

Cell 

models 

only. 

Limi

ted 

Direct 

drug-

specific 

functiona

l evidence 

without 

organoid, 

in vivo or 

clinical 

validatio

n. 

[109] 

Wang 

et al., 

2020 

CRC 

cells, 

human 

CRC 

specimen

s and 

patient-

derived 

xenograft

s 

Oxaliplati

n 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Low 

H3K27me

3/NOTCH

2-

associated 

adaptatio

n 

contribute

s to 

oxaliplati

n 

resistance 

and can 

be 

therapeuti

cally 

reversed. 

Yes Epigenetic 

manipulati

on with 

apoptosis/

chemosens

itivity 

assays. 

Human 

chemot

herapy-

outcom

e 

associat

ion and 

oxalipla

tin-

resistan

t PDX 

validati

on. 

Mod

erate 

Direct 

functiona

l 

resistance 

evidence 

with 

complem

entary 

PDX 

validation

; the 

human 

chemothe

rapy-

outcome 

associatio

n is 

supportiv

e but 

does not 

constitute 

direct 

clinical 

validation 

of the 

proposed 

mechanis

m. 

[110] 

Mouil

let-

Richa

rd et 

al., 

2020 

Review YAP/TA

Z 

Context

ual 

evidenc

e only 

YAP/TAZ 

and CRC 

molecular 

subtypes 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[111] 

Zinati

zadeh 

Review Hippo/Y

AP 

Context

ual 

Hippo 

pathway 

and 

Cont

ext 

only 

Not 

applicable 

for 

Not 

indepen

dently 

Not 

inde

pend

Secondar

y 

contextua
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et al., 

2019 

evidenc

e only 

cancer 

progressi

on 

grading in 

this 

review 

apprais

ed for 

grade 

ently 

grad

ed 

l source 

only. 

[112] 

Moha

mma

dpour 

et al., 

2024 

Review Hippo/C

RC 

Context

ual 

evidenc

e only 

Hippo 

signalling 

and 

therapeuti

c 

potential 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[113] 

Huan

g et 

al., 

2020 

Acquired 

5-FU-

resistant 

CRC cells 

and 

xenograft 

models 

5-FU 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Combine

d EGFR 

and YAP 

inhibition 

reverses 

5-FU 

resistance. 

Yes YAP/EGF

R 

inhibition 

with 

chemosens

itivity 

assays. 

Cell 

models 

plus in 

vivo 

xenogra

fts; no 

direct 

clinical 

validati

on. 

Mod

erate 

Direct 

functiona

l 

resistance 

mechanis

m 

reproduc

ed in 

vitro and 

in vivo. 

[114] 

Yang 

et al., 

2025 

Oxaliplat

in-

resistant 

CRC cells 

and 

xenograft

s 

Oxaliplati

n/YAP 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

EDN1-β-

arrestin1-

YAP 

signalling 

drives 

oxaliplati

n 

resistance. 

Yes EDN1 

knockdow

n/overexpr

ession and 

YAP-

pathway 

manipulati

on with 

chemosens

itivity 

assays. 

In vivo 

xenogra

ft 

validati

on; 

human 

survival 

associat

ion is 

support

ive. 

Mod

erate 

Direct 

functiona

l 

mechanis

m with 

complem

entary in 

vivo 

validatio

n; human 

data do 

not 

directly 

validate 

treatment 

resistance

. 

[115] 

Xu et 

al., 

2024 

CRC 

cells, 

xenograft

s and 

human 

CRC 

tissue 

5-

FU/YAP 

metabolic 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

YAP 

promotes 

5-FU 

chemoresi

stance 

through 

the 

mTOR-

GLUT3 

axis. 

Yes YAP/mTO

R/GLUT3 

manipulati

on with 

chemosens

itivity and 

metabolic 

assays. 

In vivo 

xenogra

fts; 

human 

tissue/p

rognosti

c 

associat

ion. 

Mod

erate 

Direct 

functiona

l 

mechanis

m with in 

vivo 

validatio

n; human 

evidence 

is 

supportiv

e rather 

than 

treatment

-specific. 

[116] 

Kim 

et al., 

2026 

5-FU- 

and 

oxaliplati

n-

resistant 

YAP-

linked 

chemores

istance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

AMOT-

p80 

supports 

YAP-

dependen

t 

Yes AMOT 

depletion, 

isoform re-

expression

/rescue 

and YAP 

Cell 

models 

only. 

Limi

ted 

Strong 

cell-level 

causality, 

but no 

organoid, 

in vivo or 
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CRC cell 

models 

resistance 

to 5-FU 

and 

oxaliplati

n. 

manipulati

on. 

human 

validatio

n. 

[117] 

Nguy

en et 

al., 

2019 

Review Notch/Hi

ppo-YAP 

and 

resistance 

Context

ual 

evidenc

e only 

General 

signalling 

and 

resistance 

context. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

contextua

l/backgro

und 

support 

only. 

[118] 

Zeng 

et al., 

2021 

Review Hippo/dr

ug 

resistance 

Context

ual 

evidenc

e only 

YAP/TAZ 

drug-

resistance 

context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[119] 

Ogasa

wara 

et al., 

2024 

CRC 

tumour-

line 

study 

YAP/plas

ticity 

Graded 

supporti

ng 

evidenc

e 

Non-

genomic 

drivers 

modulate 

YAP 

signalling 

and CRC 

plasticity. 

Parti

al/in

direc

t 

Molecular 

perturbati

on/charact

erisation. 

CRC 

tumour-

line 

models. 

Indir

ect 

Supports 

plasticity/

YAP 

biology, 

but not a 

specific 

cytotoxic 

drug-

resistance 

mechanis

m. 

[120] 

Bross

eau et 

al., 

2025 

Lung 

cancer 

experime

ntal 

study 

YAP/che

moresista

nce cross-

cancer 

context 

Graded 

supporti

ng 

evidenc

e 

YAP/TEA

D 

contribute

s to 

paclitaxel 

resistance. 

Parti

al/in

direc

t 

Functional 

pathway 

studies. 

Non-

CRC 

model. 

Indir

ect 

Cross-

cancer 

chemothe

rapy 

evidence 

only. 

[121] 

Edwa

rds et 

al., 

2023 

Cancer/C

RC 

targeted-

therapy 

study 

KRASG1

2C 

inhibitor 

resistance 

Graded 

supporti

ng 

evidenc

e 

YAP1/TA

Z drives 

primary/a

cquired 

resistance 

to 

KRASG12

C 

inhibition. 

Parti

al/in

direc

t 

TEAD/YA

P pathway 

inhibition 

and 

resistance 

assays. 

Targete

d-

therapy 

context. 

Indir

ect 

Resistanc

e biology 

is 

relevant 

to 

adaptive 

signalling

, but 

treatment 

context is 

not 

cytotoxic 

CRC 

chemothe

rapy. 

[122] 

Xiang 

et al., 

2025 

CRC 

organoid

s and 

patient-

derived 

orthotopi

c 

FOLFOX 

adaptive 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

ADAM10

-

NOTCH2

-TCF7L2-

mediated 

Wnt 

transcripti

on 

Yes Genetic/ph

armacolog

ical 

pathway 

disruption 

and 

chemother

apy-

Organoi

d and 

PDOX 

validati

on. 

Mod

erate 

Direct 

functiona

l 

mechanis

m 

reproduc

ed across 

complem
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xenograft 

models 

supports 

FOLFOX 

resistance; 

pathway 

disruptio

n restores 

sensitivity

. 

response 

testing. 

entary 

advanced 

CRC 

models. 

[123] 

Bhava

nasi 

et al., 

2016 

Review Wnt/stem 

cells 

Context

ual 

evidenc

e only 

Wnt 

signalling 

in 

normal/m

alignant 

stem cells 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[124] 

Herbs

t et 

al., 

2014 

CRC cell 

transcript

omic 

study 

β-catenin 

target-

gene 

context 

Graded 

supporti

ng 

evidenc

e 

Defines β-

catenin 

target 

genes in 

CRC cells. 

Parti

al/in

direc

t 

Transcript

omic/path

way 

characteris

ation. 

Cell 

models. 

Indir

ect 

Foundati

onal 

pathway 

evidence 

rather 

than 

acquired 

chemores

istance. 

[125] 

Konsa

vage 

et al., 

2012 

CRC cell 

and 

human 

tumour 

pathway 

study 

Wnt/β-

catenin–

YAP1 

crosstalk 

Graded 

supporti

ng 

evidenc

e 

β-

catenin/T

CF4 

directly 

drives 

YAP1 

gene 

expressio

n in CRC 

cells, 

providing 

a 

mechanist

ic 

interface 

between 

Wnt/β-

catenin 

and 

Hippo/Y

AP1 

signalling

. 

Parti

al/in

direc

t 

β-catenin 

knockdow

n and 

enhancer/t

ranscriptio

nal 

analyses of 

YAP1 

regulation. 

CRC 

cell 

models 

plus 

primary 

human 

colorect

al 

tumour 

expressi

on/local

isation 

data. 

Indir

ect 

Establishe

s direct 

pathway 

crosstalk 

in CRC 

but does 

not 

demonstr

ate a 

drug-

specific 

acquired-

chemores

istance 

phenotyp

e. 

[126] 

Cam

marer

i et 

al., 

2025 

CRC 

experime

ntal/trans

lational 

study 

Multiline

age 

plasticity 

Graded 

supporti

ng 

evidenc

e 

Loss of 

colonic 

fidelity 

enables 

multilinea

ge 

plasticity 

and 

metastatic 

progressi

on. 

Parti

al/in

direc

t 

Functional 

lineage-

state 

studies. 

Advanc

ed CRC 

models/

human 

relevanc

e. 

Indir

ect 

Supports 

plasticity 

biology 

rather 

than a 

specific 

chemothe

rapy-

resistance 

mechanis

m. 
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[127] 

Angiu

s et 

al., 

2021 

Review CRC 

CSCs 

Context

ual 

evidenc

e only 

Molecular 

markers 

and 

pathways 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[128] 

Sphyr

is et 

al., 

2021 

Review Stem-cell 

niches 

Context

ual 

evidenc

e only 

Niche 

signalling 

in CRC 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[129] 

Spran

gers 

et al., 

2021 

Review Organoid

s 

Context

ual 

evidenc

e only 

Organoid 

modelling 

of 

intestinal 

biology 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

[130] 

Sway

den et 

al., 

2020 

Review 1. 

Introduct

ion; 5.4. 

Therapy-

Induced 

Signallin

g 

Adaptati

on, 

Cellular 

Plasticity 

and 

Drug-

Tolerant 

Persister 

States 

Context

ual 

evidenc

e only 

Used for 

contextua

l/backgro

und 

support 

in 1. 

Introducti

on; 5.4. 

Therapy-

Induced 

Signalling 

Adaptatio

n, 

Cellular 

Plasticity 

and 

Drug-

Tolerant 

Persister 

States. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[131] 

Wang 

et al., 

2023 

Review/c

ontextual 

synthesis 

DTP/stabl

e 

resistance 

and 

adaptive-

state 

context 

Context

ual 

evidenc

e only 

Defines 

DTP 

biology 

and 

distinguis

hes 

reversible 

tolerance 

from 

stable 

resistance. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

conceptu

al 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[132] 

Rehm

an et 

al., 

2021 

Patient-

derived 

CRC 

models 

with 

Chemoth

erapy-

induced 

DTP state 

Graded 

mechani

stic/ther

apeutic 

CRC cells 

enter a 

reversible 

diapause-

like DTP 

Yes Longitudi

nal 

chemother

apy, 

withdrawa

Patient-

derived 

in vivo 

CRC 

models. 

Mod

erate 

Direct 

DTP 

evidence 

with 

functiona
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lineage/b

arcoding 

and in 

vivo 

treatment 

evidenc

e 

state that 

survives 

chemothe

rapy and 

can 

regrow 

after 

withdraw

al. 

l and 

regrowth 

analysis. 

l 

longitudi

nal 

validatio

n in 

advanced 

patient-

derived 

models; 

no 

prospecti

ve clinical 

validatio

n. 

[133] 

He et 

al., 

2024 

Review DTP/plas

ticity and 

therapeut

ic 

vulnerabi

lities 

Context

ual 

evidenc

e only 

Context 

for drug-

tolerant 

states and 

strategies 

targeting 

them. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

contextua

l 

synthesis 

and did 

not 

independ

ently 

increase 

an 

evidence 

grade. 

[134] 

Á lvar

ez-

Varel

a et 

al., 

2022 

Patient-

derived 

CRC 

organoid

s and 

mouse 

models 

Chemoth

erapy-

induced 

DTP/rela

pse 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

MEX3A-

positive 

persister 

cells 

survive 

chemothe

rapy and 

regenerat

e tumours 

after 

treatment. 

Yes Lineage 

tracing, 

chemother

apy 

exposure 

and 

regenerati

on/relapse 

assays. 

Patient-

derived 

organoi

ds and 

in vivo 

models. 

Mod

erate 

Direct 

DTP 

evidence 

across 

complem

entary 

advanced 

models. 

[135] 

Zhan

g et 

al., 

2026 

CRC 

experime

ntal 

study 

KRAS/EG

FR-

targeted 

resistance 

Graded 

supporti

ng 

evidenc

e 

Paneth-

like 

lineage 

transition 

drives 

resistance 

to dual 

KRAS/EG

FR 

targeting. 

Parti

al/in

direc

t 

Functional 

state/path

way 

manipulati

on. 

Advanc

ed CRC 

models. 

Indir

ect 

Strong 

plasticity/

resistance 

evidence 

in a 

targeted-

therapy 

context. 

[136] 

Bauzo

ne et 

al., 

2021 

5-FU-

sensitive 

and -

resistant 

CRC cell 

models 

5-

FU/YAP-

associate

d 

stemness 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

YAP-

RAR/RXR 

crosstalk 

promotes 

stemness, 

self-

renewal 

and 5-FU 

resistance. 

Yes YAP/RAR-

RXR 

perturbati

on with 

stemness 

and 

treatment-

response 

assays. 

Cell 

models 

only. 

Limi

ted 

Direct 

drug-

specific 

functiona

l 

evidence, 

but no 

complem

entary 

organoid/
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in vivo 

validatio

n. 

[137] 

Jog et 

al., 

2025 

CRC 

DTPs, 

patient-

derived 

organoid

s and in 

vivo 

models 

DTP 

metabolic 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

LPIN1-

dependen

t lipid 

storage is 

a 

vulnerabil

ity of 

therapy-

resistant/

DTP CRC 

cells. 

Yes LPIN1 

inhibition/

statins 

with 

ferroptosis 

and 

treatment-

response 

assays. 

DTPs, 

PDOs 

and in 

vivo 

models. 

Mod

erate 

Direct 

DTP 

mechanis

m and 

therapeut

ic 

vulnerabi

lity 

validated 

across 

complem

entary 

models. 

[138] 

Mzou

ghi et 

al., 

2025 

WNT-

depende

nt CRC 

models 

including 

patient-

derived 

tumoroid

s and 

mouse 

models 

FOLFIRI-

associate

d 

oncofetal 

plasticity 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

YAP/AP-

1-driven 

oncofetal 

reprogra

mming 

creates a 

drug-

tolerant 

state 

associated 

with 

FOLFIRI 

resistance. 

Yes State/path

way 

manipulati

on with 

chemother

apy-

response 

testing. 

Patient-

derived 

tumoroi

ds and 

mouse 

models. 

Mod

erate 

Direct 

chemothe

rapy-

plasticity 

evidence 

across 

complem

entary 

advanced 

models. 

[139] 

Alons

o et 

al., 

2026 

Patient-

matched/

experime

ntal CRC 

study 

KRAS-

inhibitor 

resistance 

Graded 

supporti

ng 

evidenc

e 

Concurre

nt genetic 

and non-

genetic 

resistance 

mechanis

ms 

include 

adaptive 

state 

changes. 

Parti

al/in

direc

t 

Longitudi

nal 

molecular/

functional 

analysis. 

Human 

matche

d 

biopsies

/experi

mental 

models. 

Indir

ect 

Resistanc

e 

evidence 

is direct 

for KRAS 

inhibition

, not 

conventio

nal 

cytotoxic 

chemothe

rapy. 

[140] 

Ren et 

al., 

2018 

CAF-

CRC 

models, 

human 

CRC 

specimen

s and in 

vivo 

models 

TME/exo

somal 

chemores

istance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

CAF-

derived 

exosomal 

H19 

promotes 

stemness 

and 

chemoresi

stance 

through 

β-catenin 

signalling

. 

Yes Exosome/

H19/miR-

141 

manipulati

on with 

chemosens

itivity and 

tumour-

initiation 

assays. 

Human 

CRC 

specime

ns plus 

in vivo 

validati

on; 

human 

samples 

support 

pathwa

y/strom

al 

expressi

on but 

are not 

Mod

erate 

Direct 

functiona

l non-cell-

autonom

ous 

mechanis

m 

reproduc

ed in 

vivo; 

human 

tissue is 

supportiv

e but 

does not 

directly 
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treatme

nt-

respons

e 

cohorts. 

validate 

treatment 

resistance

. 

[141] 

Gonç

alves-

Ribeir

o et 

al., 

2016 

CRC cells 

exposed 

to 

carcinom

a-

associate

d 

fibroblast

s 

5-

FU/oxalip

latin TME 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

CAFs 

alter CRC 

sensitivity 

to 5-FU 

and 

oxaliplati

n. 

Yes CAF-

conditione

d/co-

culture 

treatment-

response 

testing. 

Predom

inantly 

preclini

cal 

cellular 

evidenc

e. 

Limi

ted 

Direct 

TME-

mediated 

chemothe

rapy 

evidence, 

but 

complem

entary 

mechanis

tic/in vivo 

validatio

n is 

limited. 

[142] 

Linar

es et 

al., 

2023 

Human 

residual 

CRC 

tissue 

plus CAF 

experime

ntal 

models 

Platinum-

treated 

TME 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Long-

term 

platinum 

accumulat

ion in 

CAFs 

activates 

pro-

tumour 

stromal 

program

mes and 

supports 

treatment 

resistance. 

Yes Elemental 

imaging 

and CAF 

functional/

mechanisti

c studies. 

Residua

l human 

CRC 

after 

platinu

m 

therapy 

with 

comple

mentary 

experim

ental 

models. 

Stron

g 

Treatmen

t-exposed 

human 

tissue 

directly 

supports 

the 

stromal 

phenome

non 

alongside 

mechanis

tic 

experime

ntal 

evidence. 

[143] 

Wang 

et al., 

2016 

CRC 

experime

ntal 

models 

IL-

6/STAT3 

platinum 

response 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

IL-

6/STAT3 

signalling 

lowers 

sensitivity 

to 

platinum-

containin

g therapy. 

Parti

al 

IL-6 

inhibition 

with 

antitumou

r/treatmen

t-response 

testing. 

Preclini

cal 

evidenc

e; 

carbopl

atin 

context 

is 

outside 

the 

principa

l CRC 

drugs 

reviewe

d. 

Indir

ect 

Supports 

cytokine-

mediated 

platinum 

resistance 

conceptu

ally, but 

the 

treatment 

context is 

not 

directly 

oxaliplati

n/5-

FU/irinot

ecan 

acquired 

resistance

. 

[144] 

Agor

ku et 

CRC 

CAF/im

mune 

TME 

immune 

Graded 

supporti

ng 

CAF 

NECTIN2 

signalling 

Parti

al/in

Functional 

immune-

stromal 

CRC 

TME 

models. 

Indir

ect 

Supports 

immunos

uppressiv
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al., 

2024 

experime

ntal 

study 

suppressi

on 

evidenc

e 

suppresse

s effector 

T cells. 

direc

t 

experimen

ts. 

e TME 

biology, 

but not 

direct 

chemothe

rapy 

resistance

. 

[145] 

Tang 

et al., 

2018 

CRC 

cells, 

CAF/hyp

oxia 

models, 

PDXs 

and 

patient 

outcome 

data 

Hypoxic 

TME 

chemores

istance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

HIF-

1α/TGF-

β2-GLI2 

signalling 

drives 

stemness 

and 

chemothe

rapy 

resistance 

in 

hypoxic 

CRC. 

Yes Genetic/ph

armacolog

ical 

pathway 

inhibition 

reverses 

TME-

mediated 

chemoresi

stance. 

Patient 

relapse 

associat

ion and 

chemot

herapy-

responsi

ve/resist

ant PDX 

models. 

Stron

g 

Concorda

nt 

functiona

l 

mechanis

m, 

patient 

outcome 

associatio

n and 

patient-

derived 

in vivo 

validatio

n. 

[146] 

Xu et 

al., 

2019 

CRC 

cells, 

human 

CRC 

specimen

s and 

xenograft

s 

Hypoxia-

induced 

drug 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

HIF-

1α/miR-

338-5p/IL-

6 

feedback 

drives 

hypoxia-

mediated 

resistance. 

Yes miRNA/pa

thway 

perturbati

on and 

chemosens

itivity 

assays. 

Human 

CRC 

specime

ns show 

pathwa

y 

correlati

ons; 

xenogra

fts 

provide 

direct 

oxalipla

tin-

sensitivi

ty 

validati

on. 

Mod

erate 

Direct 

functiona

l 

mechanis

m with 

complem

entary in 

vivo 

validatio

n; human 

tissue 

supports 

pathway 

relevance 

but does 

not 

directly 

validate 

treatment 

resistance

. 

[147] 

Lotti 

et al., 

2013 

Matched 

human 

CRC 

specimen

s, 

CAF/CIC 

models 

and in 

vivo 

experime

nts 

Chemoth

erapy-

induced 

TME 

remodelli

ng 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Chemothe

rapy 

activates 

CAFs to 

maintain 

CRC-

initiating 

cells via 

IL-17A. 

Yes CAF/IL-

17A 

manipulati

on with 

self-

renewal 

and 

tumour-

growth 

assays. 

Matche

d 

patient 

samples 

before/a

fter 

cytotoxi

c 

treatme

nt plus 

in vivo 

models. 

Stron

g 

Direct 

treatment

-induced 

stromal 

mechanis

m with 

human 

treatment

-exposed 

and in 

vivo 

validatio

n. 
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[148] 

Yin et 

al., 

2025 

CAF-

CRC 

models, 

neoadjuv

ant-

treated 

patient 

CAFs 

and in 

vivo 

models 

Chemoth

erapy-

induced 

CAF/DK

K1 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Chemothe

rapy 

induces 

CAF-

derived 

DKK1, 

promotin

g 

immunos

uppressio

n and 

chemoresi

stance; 

DKK1 

neutralisa

tion 

improves 

5-FU 

response. 

Yes p53/MEK-

ERK/DKK

1 

perturbati

on and 

DKK1 

neutralisat

ion with 

chemother

apy. 

Neoadj

uvant-

treated 

patient 

CAFs 

plus in 

vivo 

validati

on. 

Mod

erate 

Direct 

functiona

l 

mechanis

m with 

treatment

-exposed 

human 

stromal 

support 

and in 

vivo 

validatio

n; the 

DKK1-

neutralisi

ng 

therapeut

ic 

strategy 

remains 

preclinica

l. 

[149] 

Calon 

et al., 

2012 

CRC 

stromal 

experime

ntal/trans

lational 

study 

TGF-β 

stromal 

program

me 

Graded 

supporti

ng 

evidenc

e 

TGF-β-

driven 

stromal 

program

mes 

support 

metastatic 

fitness. 

Parti

al/in

direc

t 

Stromal 

pathway 

manipulati

on. 

Human/

preclini

cal CRC 

models. 

Indir

ect 

Relevant 

non-cell-

autonom

ous 

biology, 

but not a 

direct 

chemothe

rapy-

resistance 

mechanis

m. 

[150] 

Hu et 

al., 

2015 

CRC 

cell/CSC 

models, 

patient-

derived 

xenograft 

material 

and in 

vivo 

models 

Fibroblas

t-

exosome-

mediated 

chemores

istance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Fibroblast

-derived 

exosomes 

prime 

CRC 

stem-like 

cells and 

increase 

5-

FU/oxalip

latin 

resistance. 

Yes Exosome-

transfer/de

pletion 

experimen

ts with 

chemother

apy-

response 

and 

tumour-

growth 

assays. 

Patient-

derived 

xenogra

ft CSCs 

and in 

vivo 

chemot

herapy 

models. 

Mod

erate 

Direct 

functiona

l non-cell-

autonom

ous 

mechanis

m 

validated 

across 

complem

entary 

patient-

derived 

and in 

vivo 

models; 

no direct 

clinical 

validatio

n. 
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[151] 

Deng 

et al., 

2020 

CAF-

exosome/

CRC cell 

and in 

vivo 

models 

with 

human 

tumour-

stroma 

analysis 

Oxaliplati

n 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

CAF-

derived 

exosomal 

CCAL 

activates 

β-catenin 

and 

promotes 

oxaliplati

n 

resistance. 

Yes CCAL/exo

some 

perturbati

on with 

apoptosis, 

β-catenin 

and 

chemosens

itivity 

assays. 

Human 

CRC 

stromal 

expressi

on plus 

in vivo 

validati

on; 

human 

tissue is 

not a 

treatme

nt-

respons

e 

cohort. 

Mod

erate 

Direct 

functiona

l 

mechanis

m 

reproduc

ed in 

vivo; 

human 

tumour-

stroma 

expressio

n 

supports 

relevance 

but does 

not 

directly 

validate 

oxaliplati

n 

resistance

. 

[152] 

Ning 

et al., 

2021 

CRC 

patient 

serum, 

resistant 

cells and 

mouse 

xenograft

s 

Oxaliplati

n/FOLFO

X 

resistance 

and 

immune 

suppressi

on 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Tumour 

exosomal 

miR-208b 

promotes 

Treg 

expansion 

and 

oxaliplati

n 

resistance. 

Yes Exosome/

miR-208b-

PDCD4 

manipulati

on and 

Treg/treat

ment-

response 

assays. 

FOLFO

X-

treated 

patient 

serum 

plus in 

vivo 

xenogra

ft 

validati

on. 

Stron

g 

Direct 

functiona

l 

mechanis

m with 

human 

treatment

-response 

biomarke

r and in 

vivo 

validatio

n. 

[153] 

Lee et 

al., 

2020 

Human 

translatio

nal study 

CRC 

immune 

landscap

e 

Context

ual 

evidenc

e only 

Lineage-

dependen

t immune 

organisati

on 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 
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[154] 

Pelka 

et al., 

2021 

Human 

spatial 

study 

CRC 

TME 

Context

ual 

evidenc

e only 

Spatial 

immune 

organisati

on 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[155] 

Wu et 

al., 

2022 

Human 

CRC 

liver-

metastasi

s single-

cell and 

spatial 

transcript

omic 

study 

Neoadjuv

ant 

chemothe

rapy-

associate

d TME 

remodelli

ng 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Neoadjuv

ant 

chemothe

rapy is 

associated 

with 

substantia

l 

remodelli

ng of the 

immune 

microenvi

ronment 

in 

colorectal 

liver 

metastase

s, 

including 

macropha

ge-state 

changes 

and 

restoratio

n of 

antitumo

ur 

immune 

balance in 

responsiv

e patients. 

Yes Single-cell 

RNA-seq 

and spatial 

transcripto

mic 

profiling; 

no 

perturbati

onal 

validation 

of the 

inferred 

mechanis

m. 

Matche

d 

human 

colorect

al liver-

metasta

sis 

samples

, 

includin

g 

chemot

herapy-

treated 

responsi

ve and 

non-

responsi

ve 

patients

. 

Limi

ted 

Direct 

human 

treatment

-

associate

d 

evidence, 

but the 

study is 

observati

onal and 

does not 

establish 

causal 

functiona

l 

resistance 

mechanis

ms. 

[156] 

Qin et 

al., 

2023 

Human 

rectal 

cancer 

single-

cell/spati

al study 

Neoadjuv

ant 

chemothe

rapy and 

CAF 

remodelli

ng 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Neoadjuv

ant 

chemothe

rapy 

reshapes 

CAF 

states and 

Yes Single-

cell/spatial 

observatio

nal 

analysis. 

Human 

paired/t

reatmen

t-

exposed 

tissue. 

Limi

ted 

Direct 

human 

treatment

-

associate

d 

evidence, 
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tumour-

microenvi

ronment 

interactio

ns. 

but 

mechanis

tic 

causality 

is not 

establishe

d. 

[157] 

Tie et 

al., 

2016 

Prospecti

ve/longit

udinal 

clinical 

colon 

cancer 

cohort 

Minimal 

residual 

disease 

biomarke

r 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Post-

treatment 

ctDNA 

detects 

residual 

disease 

and 

predicts 

recurrenc

e. 

Yes Longitudi

nal clinical 

biomarker 

assessmen

t. 

Human 

clinical 

cohort. 

Limi

ted 

Strong 

clinical 

associatio

n for 

residual 

disease, 

but this is 

a 

biomarke

r rather 

than a 

functiona

l 

resistance

-

mechanis

m study. 

[158] 

Schøl

er et 

al., 

2017 

Longitud

inal 

clinical 

CRC 

cohort 

ctDNA 

monitori

ng 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Serial 

ctDNA 

can detect 

recurrent/

evolving 

CRC after 

treatment. 

Yes Longitudi

nal clinical 

monitorin

g. 

Human 

clinical 

cohort. 

Limi

ted 

Clinically 

relevant 

longitudi

nal 

evidence 

without 

functiona

l 

validatio

n of a 

resistance 

mechanis

m. 

[159] 

Avoli

o et 

al., 

2026 

Metastati

c CRC 

patient-

derived 

xenograft

s and 

tumoroid

s 

FOLFIRI 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

FOLFIRI-

resistant 

mCRC 

models 

show 

distinct 

molecular

/functiona

l 

resistance 

states and 

targetable 

DNA-

repair 

dependen

cies. 

Yes Functional 

resistance 

profiling 

and 

interventio

n in 

patient-

derived 

models. 

PDXs 

and 

patient-

derived 

tumoroi

ds; 

translati

onally 

human-

derived 

but not 

prospec

tive 

clinical 

validati

on. 

Mod

erate 

Direct 

FOLFIRI-

resistance 

evidence 

across 

complem

entary 

patient-

derived 

models. 

[160] 

Guin

ney et 

Molecula

r-

classificat

ion study 

CMS Context

ual 

evidenc

e only 

Consensu

s 

molecular 

subtypes 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

Not 

indepen

dently 

apprais

Not 

inde

pend

ently 

Used for 

clinical, 

biological

, 
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al., 

2015 

this 

review 

ed for 

grade 

grad

ed 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[161] 

Ten 

Hoor

n et 

al., 

2022 

Systemati

c 

review/m

eta-

analysis 

CMS Context

ual 

evidenc

e only 

Clinical 

value of 

CRC 

molecular 

subtypes 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[162] 

Arqué

s et 

al., 

2016 

CRC 

targeted-

therapy 

resistanc

e study 

PI3K/AK

T 

inhibitor 

resistance 

Graded 

supporti

ng 

evidenc

e 

Tankyras

e/Wnt 

inhibition 

reverses 

resistance 

to 

PI3K/AK

T 

inhibitors. 

Parti

al/in

direc

t 

Pathway 

inhibition 

and 

resistance 

assays. 

Preclini

cal CRC 

models. 

Indir

ect 

Direct 

resistance 

biology in 

a 

targeted-

therapy 

rather 

than 

cytotoxic-

chemothe

rapy 

context. 

[163] 

Song 

et al., 

2018 

Acquired 

5-FU-

resistant 

CRC 

cells, 

mouse 

models 

and 

chemothe

rapy-

treated 

5-

FU/YAP 

resistance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

YAP 

signalling 

is 

functional

ly 

required 

for 

acquired 

5-FU 

resistance 

and 

Yes YAP 

knockdow

n with 5-

FU 

sensitisati

on in 

vitro/in 

vivo. 

Human 

chemot

herapy-

treated 

cohort 

plus 

mouse 

validati

on. 

Stron

g 

Direct 

acquired-

resistance 

mechanis

m with 

concorda

nt 

functiona

l, in vivo 

and 

human 
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patient 

cohort 

relates to 

relapse 

after 5-

FU-based 

chemothe

rapy. 

treatment

-outcome 

evidence. 

[164] 

Saksh

aug et 

al., 

2023 

Systemati

c review 

PDOs Context

ual 

evidenc

e only 

Predictive 

value of 

organoids 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[165] 

Clara 

et al., 

2020 

Review CSC 

pathways 

Context

ual 

evidenc

e only 

Clinical 

targeting 

of CSC-

associated 

pathways 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[166] 

Lu et 

al., 

2024 

CRC in 

vivo 

drug-

delivery 

study 

Notch-

targeted 

strategy 

Graded 

supporti

ng 

evidenc

e 

Tumour-

responsiv

e Notch1 

shRNA 

delivery 

suppresse

s CRC 

growth. 

Parti

al/in

direc

t 

Functional 

Notch1 

attenuatio

n. 

In vivo 

CRC 

models. 

Indir

ect 

Therapeu

tic proof-

of-

concept 

without 

direct 

acquired 

chemothe

rapy-

resistance 

modellin

g. 
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[167] 

Yap 

et al., 

2025 

Phase 1/2 

solid-

tumour 

trial 

YAP/TEA

D 

druggabil

ity 

Graded 

supporti

ng 

evidenc

e 

VT3989 

demonstr

ates 

clinical 

YAP/TEA

D 

pathway 

inhibition 

in solid 

tumours. 

Parti

al/in

direc

t 

Clinical 

pharmacol

ogical 

interventio

n. 

Human 

trial, 

not 

resistan

ce-

selected 

CRC. 

Indir

ect 

Clinical 

pathway-

targeting 

evidence, 

but not 

CRC 

chemothe

rapy-

resistance 

validatio

n. 

[168] 

Lomb

ardo 

et al., 

2011 

CRC CSC 

and 

mouse 

study 

Differenti

ation-

based 

chemose

nsitisatio

n 

Graded 

supporti

ng 

evidenc

e 

BMP4 

differenti

ation 

increases 

CRC 

stem-cell 

response 

to 

chemothe

rapy. 

Parti

al/in

direc

t 

BMP4 

differentia

tion with 

chemother

apy-

response 

testing. 

In vivo 

mouse 

validati

on. 

Indir

ect 

Functiona

l 

chemosen

sitisation 

evidence, 

but not 

an 

acquired-

resistance 

model. 

[169] 

Gao 

et al., 

2025 

Human 

NAC 

single-

cell data, 

CRC cell 

models 

and 

animal 

models 

Oxaliplati

n/neoadj

uvant 

chemores

istance 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

KLF5-

PI3K/AK

T 

signalling 

drives 

neoadjuv

ant 

oxaliplati

n 

resistance 

and is 

targetable 

with PI3K 

inhibition. 

Yes Mechanisti

c 

KLF5/PI3K

-AKT 

perturbati

on, drug 

screening 

and 

oxaliplatin 

combinati

on testing. 

Treatme

nt-

exposed 

human 

scRNA-

seq plus 

animal 

validati

on. 

Stron

g 

Direct 

human 

treatment

-state 

evidence 

with 

concorda

nt 

mechanis

tic and in 

vivo 

validatio

n. 

[170] 

Herpe

rs et 

al., 

2022 

Patient-

derived 

organoid 

and in 

vivo 

study 

EGFR×L

GR5 

targeted 

strategy 

Graded 

supporti

ng 

evidenc

e 

PDO 

screening 

identified 

petosemta

mab/MCL

A-158 as a 

tumour-

selective 

therapeuti

c strategy. 

Parti

al/in

direc

t 

Functional 

PDO 

screening 

and in 

vivo 

testing. 

PDO 

and in 

vivo 

models. 

Indir

ect 

Strong 

therapeut

ic proof-

of-

concept, 

but not 

acquired 

cytotoxic 

chemores

istance. 

[171] 

Barai

bar et 

al., 

2021 

Review MSS CRC 

immunot

herapy 

Context

ual 

evidenc

e only 

Combinat

ion 

immunot

herapy 

strategies 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 



Supplementary Table S1 and Supplementary Table S2 
 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[172] 

Hami

d et 

al., 

2024 

Review MSS 

metastati

c CRC 

Context

ual 

evidenc

e only 

Immunot

herapy 

context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical, 

biological

, 

methodol

ogical or 

backgrou

nd 

context; 

did not 

independ

ently 

increase a 

mechanis

tic or 

therapeut

ic 

evidence 

grade. 

[173] 

Shah 

et al., 

2023 

Randomi

sed 

clinical 

trial 

Mechanis

m-guided 

combinati

on 

therapy 

Context

ual 

evidenc

e only 

Clinical 

outcome 

of 

napabuca

sin plus 

FOLFIRI-

based 

treatment. 

Cont

ext 

only 

Randomis

ed clinical 

treatment 

compariso

n 

Human 

phase 

III trial 

Not 

inde

pend

ently 

grad

ed 

Used to 

demonstr

ate that 

adding a 

putative 

resistance

-targeting 

agent 

does not 

necessaril

y 

improve 

clinical 

outcome; 

not used 

to grade a 

specific 

acquired-

resistance 

mechanis

m. 

[174] 

Anton

iotti 

et al., 

2024 

Randomi

sed 

phase II 

clinical 

trial, 

four-year 

analysis 

FOLFOXI

RI/bevaci

zumab ± 

atezolizu

mab 

Context

ual 

evidenc

e only 

Updated 

overall-

survival 

and 

explorator

y 

biomarker 

outcomes 

from the 

Cont

ext 

only 

Randomis

ed clinical 

treatment 

compariso

n 

Human 

phase II 

trial; 

four-

year 

follow-

up 

Not 

inde

pend

ently 

grad

ed 

Used for 

clinical 

treatment

-selection 

context 

rather 

than to 

grade a 

specific 

acquired-
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AtezoTRI

BE trial. 

resistance 

mechanis

m; overall 

survival 

was not 

the 

primary 

endpoint. 

[175] 

Wen 

et al., 

2023 

Review Single-

cell 

sequenci

ng 

Context

ual 

evidenc

e only 

Single-cell 

profiling 

in CRC 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

methodol

ogical 

context. 

[176] 

Alza

mami, 

2023 

Review Single-

cell TME 

Context

ual 

evidenc

e only 

Immune-

landscape 

implicatio

ns 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Used for 

methodol

ogical/co

ntextual 

synthesis. 

[177] 

Joanit

o et 

al., 

2022 

Human 

CRC 

single-

cell and 

bulk 

transcript

omic 

study 

CRC 

epithelial 

heteroge

neity and 

molecula

r 

classificat

ion 

Context

ual 

evidenc

e only 

Single-cell 

profiling 

identifies 

intrinsic 

epithelial 

tumour 

states and 

refines 

bulk 

consensus 

molecular 

classificati

on in 

CRC. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Large 

multi-

cohort 

human 

CRC 

single-

cell 

dataset 

with 

validati

on in 

bulk 

transcri

ptomic 

cohorts. 

Not 

inde

pend

ently 

grad

ed 

Used to 

support 

molecular

-

classificat

ion and 

tumour-

heterogen

eity 

context 

rather 

than a 

specific 

acquired 

chemothe

rapy-

resistance 

mechanis

m. 

[178] 

Chen 

et al., 

2026 

Single-

cell 

bioinfor

matic 

CRC 

resistanc

e study 

with 

external 

datasets 

Oxaliplati

n-

resistant 

subpopul

ations 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

An EpC2 

epithelial 

state is 

associated 

with 

oxaliplati

n 

resistance 

and 

suggests 

candidate 

therapies. 

Yes Computati

onal 

identificati

on and 

external 

dataset 

validation; 

no direct 

drug 

perturbati

on. 

Single-

cell and 

resistan

t-cell-

line 

datasets

. 

Limi

ted 

Direct 

resistance 

profiling, 

but 

functiona

l causal 

validatio

n of the 

proposed 

state/ther

apy is 

absent. 

[179] 

Nojim

a et 

al., 

2025 

Patient-

derived 

colorectal 

organoid

s with 

scRNA-

DTP 

identifica

tion/targe

ting 

Graded 

mechani

stic/ther

apeutic 

evidenc

e 

Machine-

learning-

defined 

DTP 

populatio

ns can be 

Yes Organoid 

viability 

testing of 

predicted 

candidate 

drugs. 

Patient-

derived 

organoi

d 

model; 

no in 

Limi

ted 

Functiona

l patient-

derived 

evidence, 

but 

validatio
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seq, 

machine 

learning 

and drug 

testing 

targeted 

by 

candidate 

drug 

combinati

ons in 

malignant 

organoids

. 

vivo/cli

nical 

validati

on. 

n remains 

within a 

single 

model 

class. 

[180] 

Carra

nza et 

al., 

2024 

Review Spatial 

biology 

Context

ual 

evidenc

e only 

Spatial 

profiling 

in CRC 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Methodol

ogical/co

ntextual 

source 

only. 

[181] 

Guo 

et al., 

2024 

Review Spatial 

transcript

omics 

Context

ual 

evidenc

e only 

Spatiotem

poral 

profiling 

context 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Methodol

ogical/co

ntextual 

source 

only. 

[182] 

Xiao 

et al., 

2024 

Human 

CRC 

single-

cell and 

spatial 

transcript

omic 

study 

Spatial 

tumour 

heteroge

neity and 

tumour–

microenv

ironment 

interactio

ns 

Context

ual 

evidenc

e only 

Integrated 

single-cell 

and 

spatial 

transcript

omics 

maps 

malignant

-cell 

heterogen

eity and 

spatial 

tumour–

stromal/i

mmune 

interactio

ns in 

CRC. 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Human 

CRC 

tumour-

normal-

blood 

samples 

profiled 

by 

scRNA-

seq 

with 

spatial 

transcri

ptomic 

integrat

ion. 

Not 

inde

pend

ently 

grad

ed 

Directly 

demonstr

ates 

integrate

d spatial 

and 

single-cell 

profiling 

in CRC, 

but does 

not test a 

specific 

acquired 

chemothe

rapy-

resistance 

mechanis

m. 

[183] 

Gupta 

et al., 

2019 

Review Colon 

CSCs 

Context

ual 

evidenc

e only 

CSC 

therapeuti

c 

targeting 

Cont

ext 

only 

Not 

applicable 

for 

grading in 

this 

review 

Not 

indepen

dently 

apprais

ed for 

grade 

Not 

inde

pend

ently 

grad

ed 

Secondar

y 

contextua

l source 

only. 

 


