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Abstract

The	prediction	of	cancer	recurrence	is	a	critical	aspect	of	oncology,	influencing	treatment
decisions	and	patient	outcomes.	Traditionally,	clinicians	have	re...
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Introduction

The	 prediction	 of	 cancer	 recurrence	 is	 a	 critical	 aspect	 of	 oncology,
influencing	treatment	decisions	and	patient	outcomes.	Traditionally,	clinicians
have	relied	on	a	combination	of	clinical	and	pathological	features	to	estimate
the	 risk	 of	 recurrence.	 However,	 these	 methods	 have	 limitations	 in	 their
predictive	 accuracy.	 With	 the	 advent	 of	 artificial	 intelligence	 (AI)	 and	 the
increasing	 availability	 of	 large-scale	 molecular	 datasets,	 there	 is	 a	 growing
interest	 in	 leveraging	 these	 technologies	 to	 develop	 more	 precise	 and
personalized	 prediction	 models.	 This	 article	 explores	 the	 potential	 of	 AI	 to
predict	cancer	recurrence	from	molecular	data,	discussing	the	current	state	of
the	field,	the	challenges,	and	future	directions.

The	Role	of	AI	in	Predicting	Cancer	Recurrence

AI,	particularly	machine	learning	(ML)	and	deep	learning	(DL)	algorithms,	has
shown	 immense	 promise	 in	 analyzing	 complex	 biological	 data	 to	 identify
patterns	 that	are	not	apparent	 to	human	observers.	 In	 the	context	of	cancer
recurrence,	AI	models	can	integrate	various	types	of	molecular	data,	including
genomics,	 transcriptomics,	 proteomics,	 and	 metabolomics,	 to	 create
comprehensive	predictive	models.

Machine	Learning	Models

Machine	 learning	models,	 such	as	 support	 vector	machines	 (SVMs),	 random
forests,	 and	 logistic	 regression,	 have	 been	 widely	 used	 to	 predict	 cancer



recurrence.	 These	 models	 are	 trained	 on	 datasets	 containing	 molecular
profiles	of	patients	with	known	recurrence	outcomes.	For	instance,	a	study	by
Zuo	et	al.	(2023)	explored	eleven	predictive	algorithms	using	an	ML	approach
based	 on	 clinicopathological	 and	 laboratory	 routine	 data	 to	 predict	 breast
cancer	 recurrence	 [7].	 Their	 findings	 demonstrated	 that	 ML	 models	 can
achieve	high	accuracy	in	predicting	recurrence	risk.

Deep	Learning	Models

Deep	learning,	a	subset	of	ML,	utilizes	neural	networks	with	multiple	layers	to
learn	hierarchical	representations	of	data.	DL	models	have	shown	exceptional
performance	in	image	analysis	and	are	now	being	applied	to	molecular	data.
For	 example,	 a	 study	 by	 Su	 et	 al.	 (2024)	 proposed	 a	 deep	 learning-based
model	 to	 predict	 the	 5-year	 recurrence	 of	 lung	 adenocarcinoma	 in	 patients
following	 surgical	 resection	 [13].	 Another	 study	 by	 Patricoski-Chavez	 et	 al.
(2025)	 demonstrated	 the	 promise	 of	 DL	 techniques	 in	 predicting	 glioma
recurrence	[14].

Multimodal	AI	Models

The	 integration	 of	 multiple	 data	 modalities,	 such	 as	 imaging,	 clinical,	 and
molecular	data,	can	further	enhance	the	predictive	accuracy	of	AI	models.	A
recent	study	by	ECOG-ACRIN	and	Caris	Life	Sciences	unveiled	new	AI	models
that	 integrate	 these	 data	 types	 from	 the	 TAILORx	 tissue	 biorepository,
showing	 stronger	 prognostic	 performance	 for	 breast	 cancer	 recurrence	 risk
stratification	 [1].	 These	 multimodal	 AI	 models	 outperformed	 traditional
methods	 in	 predicting	 overall	 and	 late	 distant	 breast	 cancer	 recurrence,
enhancing	risk	stratification	[3].

Challenges	and	Future	Directions

Despite	the	promising	results,	several	challenges	need	to	be	addressed	before
AI-powered	prediction	models	can	be	widely	implemented	in	clinical	practice.
These	challenges	include	the	need	for	large,	high-quality	datasets	for	training
and	validation,	the	interpretability	of	AI	models	(i.e.,	the	"black	box"	problem),
and	the	integration	of	these	models	into	clinical	workflows.

Future	research	should	focus	on	developing	more	robust	and	interpretable	AI
models,	 validating	 them	 in	 large,	multi-institutional	 cohorts,	 and	 conducting
clinical	trials	to	evaluate	their	 impact	on	patient	outcomes.	The	development
of	 task-oriented	 AI	 models,	 as	 discussed	 by	 Frascarelli	 et	 al.	 (2025),
represents	 a	 promising	 approach	 to	 overcome	 the	 limitations	 of	 large
foundation	models	and	deliver	explainable,	clinically	actionable	innovations	in
breast	cancer	[2].

Conclusion

AI	 has	 the	 potential	 to	 revolutionize	 the	 prediction	 of	 cancer	 recurrence	 by
leveraging	 the	 wealth	 of	 information	 contained	 in	 molecular	 data.	 While
challenges	 remain,	 the	 ongoing	 advancements	 in	 AI	 and	 the	 increasing
availability	of	data	are	paving	the	way	for	a	new	era	of	personalized	medicine
in	 oncology.	 The	 continued	 collaboration	 between	 computational	 scientists,
clinicians,	 and	 regulators	 will	 be	 crucial	 to	 translate	 these	 technological



advancements	into	improved	patient	care.
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