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Cancer	research	has	made	significant	progress	in	recent	years,	with	advances	in	treatment,	improvements	in	patient	outcomes,	and	a	deeper	understanding	of	cancer	biology.	This	review	article	discusses	the	progress,	challenges,	and	future	directions	in	cancer	research,	highlighting	recent	advances	in	cancer	treatment,	including	new	therapies,
diagnostic	tools,	and	prevention	strategies.	We	also	discuss	the	remaining	challenges	in	cancer	research,	including	the	need	for	more	effective	treatments,	improved	diagnostic	tools,	and	better	prevention	strategies.	Furthermore,	we	explore	emerging	trends	and	technologies	in	cancer	research,	including	precision	medicine,	immunotherapy,	and
gene	editing.	We	identify	areas	where	further	research	is	needed,	including	gaps	in	current	knowledge	or	understanding,	and	discuss	the	potential	for	personalized	medicine	approaches,	including	targeted	therapies	and	precision	medicine	strategies.	Finally,	we	summarize	the	key	takeaways	from	our	review,	highlighting	the	most	important	findings
and	implications,	and	discuss	the	future	prospects	for	cancer	research,	including	emerging	trends	and	technologies	that	may	shape	the	field.	We	conclude	with	a	call	to	action,	encouraging	further	research,	collaboration,	or	investment	in	cancer	research	to	improve	patient	outcomes	and	ultimately	find	a	cure	for	this	devastating	disease.	Keywords
Cancer	research,	progress,	challenges,	future	directions,	precision	medicine,	immunotherapy,	gene	editing,	personalized	medicine,	targeted	therapies,	cancer	treatment,	patient	outcomes,	cancer	biology	Introduction	Cancer	is	a	complex	and	multifaceted	disease	that	has	been	a	major	public	health	concern	for	decades.	Despite	significant	advances	in
cancer	research,	it	remains	one	of	the	leading	causes	of	death	worldwide.	However,	recent	years	have	seen	a	surge	in	progress	in	cancer	research,	with	new	therapies,	diagnostic	tools,	and	prevention	strategies	being	developed.	This	review	article	aims	to	provide	an	overview	of	the	progress,	challenges,	and	future	directions	in	cancer	research,
highlighting	the	most	important	findings	and	implications	for	patients,	clinicians,	and	researchers.	Background:	Cancer	is	a	group	of	diseases	characterized	by	the	uncontrolled	growth	and	spread	of	abnormal	cells.	It	can	affect	any	part	of	the	body	and	can	be	caused	by	a	combination	of	genetic,	environmental,	and	lifestyle	factors.	Cancer	is	a	major
public	health	concern,	with	an	estimated	18.1	million	new	cases	and	9.6	million	cancer-related	deaths	worldwide	in	2018.	Purpose	of	the	Review:	This	review	article	aims	to	provide	an	overview	of	the	progress,	challenges,	and	future	directions	in	cancer	research.	We	will	discuss	recent	advances	in	cancer	treatment,	improvements	in	patient
outcomes,	and	advances	in	understanding	cancer	biology.	We	will	also	highlight	the	remaining	challenges	in	cancer	research,	including	the	need	for	more	effective	treatments,	improved	diagnostic	tools,	and	better	prevention	strategies.	Finally,	we	will	discuss	emerging	trends	and	technologies	in	cancer	research,	including	precision	medicine,
immunotherapy,	and	gene	editing,	and	identify	areas	where	further	research	is	needed.	Scope	of	the	Review:	This	review	article	will	cover	the	following	topics:	progress	in	cancer	research,	challenges	in	cancer	research,	and	future	directions	in	cancer	research.	We	will	discuss	recent	advances	in	cancer	treatment,	improvements	in	patient	outcomes,
and	advances	in	understanding	cancer	biology.	We	will	also	highlight	the	remaining	challenges	in	cancer	research	and	discuss	emerging	trends	and	technologies	in	cancer	research.	I.	Progress	in	Cancer	Research:	1.	Advances	in	Cancer	Treatment	In	recent	years,	cancer	treatment	has	evolved	dramatically,	driven	by	innovations	that	are	reshaping
how	the	disease	is	diagnosed,	treated,	and	prevented.	This	section	highlights	key	advancements	that	are	redefining	therapeutic	and	diagnostic	paradigms	in	oncology.	Novel	Therapeutic	Approaches:	Personalized	Cancer	Vaccines:	Tailored	vaccines	are	being	developed	to	train	the	immune	system	to	identify	and	eliminate	cancer	cells,	aiming	to
minimize	recurrence	while	avoiding	the	toxic	side	effects	often	associated	with	conventional	therapies	like	chemotherapy.	CAR-T	Cell	Therapy:	A	groundbreaking	form	of	immunotherapy,	CAR-T	therapy	involves	reprogramming	a	patient’s	T	cells	to	target	and	destroy	cancerous	cells.	It	has	shown	remarkable	efficacy	in	hematologic	malignancies	such
as	leukemia	and	is	being	explored	for	broader	applications.	Precision	Oncology:	This	method	focuses	on	the	molecular	and	genetic	profiling	of	tumors	to	guide	the	selection	of	highly	specific,	individualized	treatments,	offering	improved	efficacy	and	reduced	toxicity	compared	to	traditional	approaches.	Innovations	in	Diagnostics:	Liquid	Biopsies:	These
minimally	invasive	tests	detect	tumor-derived	materials,	such	as	circulating	tumor	DNA,	in	the	bloodstream,	offering	a	less	intrusive	and	often	earlier	method	of	cancer	detection	compared	to	surgical	biopsies.	Synthetic	Biopsies:	These	emerging	diagnostic	tools	prompt	early-stage	cancer	cells	to	reveal	their	presence,	enabling	earlier	detection	and
intervention.	AI-Based	Diagnostic	Tools:	Artificial	intelligence	is	increasingly	being	integrated	into	medical	imaging,	enhancing	diagnostic	accuracy—particularly	in	regions	lacking	experienced	radiologists—and	enabling	early	detection	through	automated	analysis	of	radiographic	data.	Preventive	Strategies:	Chemoprevention:	Drugs	like	anastrozole
are	being	used	to	lower	the	risk	of	cancer	development,	particularly	in	high-risk	populations,	by	modulating	hormonal	pathways.	Advanced	Early	Detection	Tests:	Recent	innovations	have	led	to	the	development	of	multi-cancer	detection	tests	capable	of	identifying	several	cancer	types,	including	pancreatic	cancer,	at	early	stages	with	high	sensitivity.
Genomic	Profiling	in	Prevention:	Detailed	analysis	of	tumor	DNA	not	only	aids	in	diagnosis	but	also	reveals	underlying	mutational	patterns,	guiding	preventive	strategies	and	opening	new	avenues	for	early	intervention.	Emerging	Trends	and	Technologies:	Artificial	Intelligence	in	Oncology:	AI	is	playing	an	expanding	role	across	cancer	research—from
risk	prediction	models	to	treatment	planning—enhancing	efficiency	and	precision	at	every	stage.	Gene	Editing	Technologies:	CRISPR	and	other	gene	editing	platforms	are	under	active	investigation	for	their	potential	to	correct	cancer-associated	mutations	at	the	genomic	level,	with	early	studies	showing	promising	results.	Next-Generation
Immunotherapies:	Beyond	CAR-T,	novel	immunotherapy	strategies,	including	combination	regimens	and	personalized	immune	interventions,	are	being	developed	to	overcome	tumor	resistance	and	improve	patient	outcomes.	2.	Improvements	in	Patient	Outcomes	The	evolution	of	cancer	research	and	treatment	strategies	has	translated	into	measurable
gains	in	patient	outcomes.	From	increased	survival	rates	to	enhanced	quality	of	life,	the	impact	of	scientific	advancement	in	oncology	is	becoming	increasingly	evident.	Enhanced	Survival	Rates:	Rising	Long-Term	Survival:	Over	the	past	several	decades,	the	overall	5-year	survival	rate	for	all	cancer	types	has	seen	a	notable	rise—from	49%	in	the	1970s
to	approximately	68%	by	2019.	This	improvement	reflects	the	cumulative	effect	of	better	detection,	innovative	therapies,	and	more	precise	treatment	protocols.	Progress	in	Therapeutics:	Advances	across	the	spectrum	of	cancer	treatment—including	surgical	techniques,	chemotherapeutic	regimens,	and	radiation	technology—have	played	a	critical	role
in	improving	survival	outcomes	across	diverse	cancer	types.	Better	Quality	of	Life:	Symptom	Management:	Newer	therapeutic	strategies	have	been	designed	not	only	to	extend	life	but	also	to	enhance	the	comfort	and	well-being	of	patients,	reducing	the	burden	of	disease-related	symptoms	and	treatment-related	side	effects.	Emphasis	on	Palliative
Care:	There	is	a	growing	integration	of	palliative	care	into	standard	oncology	practice.	This	shift	underscores	a	holistic	approach,	prioritizing	symptom	control,	emotional	support,	and	overall	quality	of	life—particularly	for	patients	with	advanced-stage	disease.	Decline	in	Mortality	Rates:	Reduced	Cancer-Related	Deaths:	The	cancer	mortality	rate	has
declined	significantly—by	approximately	27%	since	2001.	This	progress	is	largely	attributed	to	improvements	in	both	treatment	and	early	intervention	strategies.	Advances	in	Early	Detection:	Enhanced	screening	protocols	and	early	detection	technologies	have	enabled	the	identification	of	cancers	at	more	treatable	stages,	contributing	to	better
prognoses	and	lower	mortality	rates.	Emerging	Paradigms	in	Patient	Care:	Personalized	Therapeutic	Approaches:	Precision	medicine	continues	to	gain	momentum,	with	treatments	increasingly	tailored	to	an	individual’s	genetic	profile	and	tumor	characteristics.	This	approach	offers	the	potential	for	more	effective	and	less	toxic	therapies.
Immunotherapy	Innovations:	Immunotherapies	are	revolutionizing	cancer	treatment	by	harnessing	the	body’s	immune	system	to	combat	tumors,	showing	promise	in	several	cancer	types	previously	considered	difficult	to	treat.	Gene	Editing	Research:	Technologies	such	as	CRISPR	are	being	actively	explored	for	their	ability	to	correct	oncogenic
mutations,	opening	up	possibilities	for	curative	interventions	at	the	molecular	level.	Together,	these	developments	reflect	a	profound	shift	toward	more	effective,	patient-centered	cancer	care.	Continued	research	and	clinical	innovation	will	be	key	to	sustaining	and	accelerating	these	positive	trends	in	patient	outcomes.	3.	Advances	in	Understanding
Cancer	Biology	Recent	strides	in	cancer	research	have	significantly	deepened	our	understanding	of	the	biological	mechanisms	that	underpin	tumor	development,	progression,	and	resistance	to	therapy.	These	insights	are	paving	the	way	for	novel	diagnostic	and	therapeutic	strategies,	grounded	in	the	molecular	complexity	of	the	disease.	Cancer
Genetics:	Discovery	of	Oncogenic	Drivers:	High-throughput	genomic	sequencing	technologies	have	revolutionized	the	identification	of	genetic	alterations	associated	with	cancer.	Landmark	efforts	such	as	the	Pan-Cancer	Analysis	of	Whole	Genomes	(PCAWG)	project	have	decoded	over	2,600	whole-genome	sequences	across	38	cancer	types,
uncovering	both	common	and	rare	mutational	processes	that	drive	oncogenesis.	Functional	Implications	of	Mutations:	Deeper	insight	into	somatic	mutations	in	cancer	cells	has	clarified	their	roles	in	tumor	initiation,	progression,	and	therapy	resistance.	This	genetic	understanding	has	catalyzed	the	development	of	targeted	therapies	that	align	with	the
specific	molecular	aberrations	present	in	individual	tumors.	Epigenetic	Regulation:	Role	of	Epigenetic	Modifications:	Epigenetic	alterations—such	as	DNA	methylation,	histone	modifications,	and	chromatin	remodeling—have	emerged	as	key	contributors	to	the	regulation	of	gene	expression	in	cancer.	These	changes,	though	reversible,	can	profoundly
influence	cellular	behavior	without	modifying	the	DNA	sequence	itself.	Therapeutic	Potential	of	Epigenetics:	The	reversibility	of	epigenetic	marks	presents	a	compelling	therapeutic	opportunity.	Current	research	is	focused	on	developing	agents	that	can	reprogram	aberrant	epigenetic	patterns	to	restore	normal	gene	expression	and	inhibit	tumor
growth.	Tumor	Microenvironment	(TME):	Complex	Interactions	Within	the	TME:	The	tumor	microenvironment,	consisting	of	stromal	cells,	immune	infiltrates,	blood	vessels,	and	extracellular	matrix	components,	plays	an	integral	role	in	shaping	cancer	behavior.	Understanding	how	tumor	cells	communicate	and	co-evolve	with	their	microenvironment
has	become	a	major	focus	of	contemporary	oncology	research.	Therapeutic	Targeting	of	the	TME:	Strategies	aimed	at	modifying	the	tumor	microenvironment	are	gaining	traction,	including	approaches	that	enhance	anti-tumor	immunity,	normalize	tumor	vasculature,	and	disrupt	pro-tumorigenic	signaling	between	cancer	and	stromal	cells.	Emerging
Trends	and	Technologies:	Single-Cell	Technologies:	Single-cell	sequencing	is	revealing	the	cellular	heterogeneity	within	tumors	and	their	surrounding	environment.	This	fine-grained	analysis	provides	a	clearer	picture	of	cancer	evolution,	resistance	mechanisms,	and	immune	interactions,	which	are	often	obscured	in	bulk	tissue	analysis.	Systems
Biology	Approaches:	By	integrating	multi-omics	data,	systems	biology	offers	a	comprehensive	framework	to	model	and	understand	the	dynamic	networks	that	govern	tumor	behavior.	These	integrative	approaches	are	crucial	for	unraveling	complex	biological	systems	and	identifying	actionable	therapeutic	targets.	Precision	Oncology:	The	convergence
of	genomic,	epigenomic,	and	systems-level	data	is	propelling	the	field	toward	precision	oncology—where	therapies	are	tailored	to	the	unique	molecular	landscape	of	each	patient’s	cancer,	improving	efficacy	and	minimizing	off-target	effects.	Together,	these	advances	in	cancer	biology	are	driving	a	transformation	in	how	cancer	is	understood	and
treated,	offering	the	promise	of	more	personalized,	effective,	and	durable	therapies.	II.	Challenges	in	Cancer	Research	Despite	substantial	progress	in	the	field,	cancer	research	continues	to	grapple	with	numerous	scientific,	clinical,	and	societal	challenges.	Overcoming	these	hurdles	is	essential	to	develop	more	effective,	equitable,	and	personalized
cancer	care.	This	section	outlines	the	major	ongoing	obstacles	in	cancer	research	and	highlights	emerging	strategies	aimed	at	addressing	them.	The	Need	for	More	Effective	Therapeutics:	Limited	Therapeutic	Options	for	Advanced	Disease:	Several	cancer	types,	particularly	in	their	advanced	or	metastatic	stages,	remain	difficult	to	treat.	Novel
delivery	systems	such	as	nanomedicine	are	being	explored	to	enhance	drug	specificity	and	minimize	systemic	toxicity	by	using	biocompatible	carriers	for	targeted	chemotherapy	delivery.	Therapy	Resistance:	One	of	the	most	formidable	challenges	in	oncology	is	the	ability	of	cancer	cells	to	develop	resistance	to	existing	therapies.	Resistance
mechanisms	undermine	the	long-term	efficacy	of	both	targeted	therapies	and	immunotherapies,	prompting	the	search	for	combination	strategies	and	next-generation	agents	that	can	overcome	adaptive	tumor	responses.	Treatment-Related	Toxicities:	Conventional	treatments	often	result	in	significant	adverse	effects	that	impact	patient	quality	of	life.
Research	into	naturally	derived	compounds,	including	antioxidants	like	polyphenols	and	vitamins,	is	uncovering	their	potential	to	exert	anti-cancer	effects	with	fewer	side	effects,	offering	a	promising	adjunct	or	alternative	to	traditional	therapies.	Advancing	Diagnostic	Capabilities:	Delayed	Detection	and	Diagnosis:	Late-stage	diagnoses	continue	to	be
a	significant	barrier	to	effective	treatment.	Cutting-edge	tools	such	as	liquid	biopsies,	which	analyze	tumor-derived	material	in	blood	samples,	are	showing	potential	for	earlier	and	less	invasive	cancer	detection.	Improving	Diagnostic	Precision:	The	ability	to	accurately	classify	cancer	subtypes	is	critical	for	selecting	appropriate	therapies.	Emerging
diagnostic	technologies,	including	the	use	of	extracellular	vesicles	(EVs),	may	offer	novel	biomarkers	capable	of	improving	diagnostic	specificity	and	guiding	treatment	decisions.	Reliable	Biomarkers:	The	development	of	robust,	non-invasive	biomarkers	is	essential	for	early	detection,	prognostication,	and	monitoring	of	therapeutic	response.	EVs	and
circulating	tumor	DNA	are	under	investigation	as	next-generation	biomarker	platforms.	Enhancing	Cancer	Prevention	Strategies:	Insufficient	Preventive	Measures:	While	many	cancers	are	considered	preventable,	the	field	still	lacks	universally	effective	prevention	strategies.	Collaborative	initiatives	like	Cancer	Grand	Challenges	are	bringing	together
multidisciplinary	global	teams	to	tackle	this	problem	through	novel	approaches	such	as	AI-assisted	research	and	population	health	analytics.	Incomplete	Understanding	of	Risk	Factors:	A	more	detailed	understanding	of	modifiable	and	non-modifiable	cancer	risk	factors	is	needed	to	inform	prevention	efforts.	Ongoing	epidemiological	and	molecular
studies	aim	to	fill	these	knowledge	gaps.	Healthcare	Inequities:	Significant	disparities	persist	in	cancer	prevention,	diagnosis,	and	treatment,	particularly	among	underserved	and	marginalized	populations.	Addressing	social	determinants	of	health	and	ensuring	equitable	access	to	care	are	key	priorities	for	reducing	the	global	cancer	burden.
Addressing	Emerging	Scientific	Challenges:	Cancer	Heterogeneity:	The	vast	genetic,	epigenetic,	and	phenotypic	diversity	within	and	between	tumors	complicates	treatment	and	necessitates	a	more	individualized	approach.	Strategies	such	as	precision	medicine	and	single-cell	profiling	are	being	advanced	to	better	understand	and	address	this
complexity.	Targeting	the	Tumor	Microenvironment	(TME):	The	TME	is	increasingly	recognized	as	a	dynamic	and	influential	component	of	tumor	biology.	Ongoing	research	is	exploring	the	role	of	extracellular	vesicles,	stromal	interactions,	and	immune	modulation	within	the	TME	to	identify	new	therapeutic	targets.	Realizing	the	Full	Potential	of
Precision	Medicine:	While	precision	oncology	holds	tremendous	promise,	its	widespread	implementation	remains	a	challenge.	Innovations	in	radiomics,	pathomics,	and	integrative	data	analytics	are	being	developed	to	support	the	delivery	of	truly	individualized	cancer	care.	III.	Limitations	of	Current	Cancer	Therapies	Despite	significant	advancements
in	oncology,	existing	cancer	treatments	face	a	number	of	critical	challenges	that	compromise	their	overall	efficacy	and	patient	quality	of	life.	These	limitations	span	across	conventional	and	emerging	therapeutic	modalities	and	underscore	the	urgent	need	for	more	effective	and	individualized	approaches.	Adverse	Side	Effects:	Chemotherapy:	Widely
used	in	cancer	management,	chemotherapy	is	associated	with	substantial	systemic	toxicity,	manifesting	as	nausea,	alopecia,	fatigue,	and	immunosuppression.	These	effects	often	diminish	patient	adherence	and	overall	well-being.	Radiotherapy:	Although	effective	in	tumor	reduction,	radiation	can	lead	to	collateral	damage	in	surrounding	healthy
tissues,	resulting	in	skin	irritation,	fatigue,	and	long-term	tissue	damage.	Surgical	intervention:	While	often	necessary	for	tumor	removal,	surgery	carries	inherent	risks	including	postoperative	pain,	functional	impairment,	and	aesthetic	consequences	such	as	scarring.	Therapeutic	Resistance:	Chemoresistance:	Tumor	cells	frequently	acquire	resistance
to	chemotherapeutic	agents	through	various	mechanisms,	including	drug	efflux,	DNA	repair	enhancement,	and	apoptosis	evasion,	severely	limiting	long-term	treatment	efficacy.	Resistance	to	targeted	therapies:	Despite	initial	success,	targeted	agents	can	lose	effectiveness	as	cancer	cells	mutate	or	activate	alternative	signaling	pathways.
Immunotherapy	resistance:	Some	malignancies	exhibit	primary	or	acquired	resistance	to	immunotherapy,	often	due	to	an	immunosuppressive	tumor	microenvironment	or	poor	antigen	presentation.	Suboptimal	Efficacy:	Low	response	rates:	A	considerable	proportion	of	patients	exhibit	minimal	or	no	response	to	standard	treatments,	highlighting	the
heterogeneity	of	cancer	biology.	Transient	therapeutic	responses:	Even	in	responsive	cases,	benefits	are	frequently	short-lived	as	tumors	adapt	and	develop	resistance,	leading	to	relapse.	Limited	options	for	advanced	disease:	Therapeutic	avenues	remain	sparse	for	many	late-stage	and	metastatic	cancers,	often	leading	to	poor	prognoses	and	limited
survival	rates.	Emerging	Strategies	to	Overcome	Limitations:	Innovative	approaches	are	being	developed	to	address	these	shortcomings,	with	a	focus	on	enhancing	specificity,	durability,	and	patient-centric	care:	Personalized	oncology:	Leveraging	genomic	and	molecular	profiling	to	guide	tailored	treatment	strategies	and	improve	patient	outcomes.
Combinatorial	regimens:	Strategic	integration	of	multiple	therapeutic	modalities	to	enhance	efficacy	and	overcome	resistance	mechanisms.	Next-generation	immunotherapies:	Advancements	in	immune-based	treatments,	including	checkpoint	inhibitors,	CAR-T	cells,	and	cancer	vaccines,	offer	promising	avenues	for	more	durable	and	selective
responses.	IV.	Future	Directions	in	Cancer	Research	The	landscape	of	cancer	research	is	rapidly	evolving,	driven	by	a	wave	of	innovative	technologies	and	scientific	breakthroughs	that	promise	to	redefine	the	way	we	approach	cancer	diagnosis,	treatment,	and	prevention.	Precision	Medicine:	Precision	medicine	is	ushering	in	a	new	era	of
individualized	cancer	therapy	by	aligning	treatment	strategies	with	a	patient's	unique	genetic	makeup.	Major	advancements	include:	Next-generation	mutant-specific	inhibitors:	These	compounds	target	previously	elusive	mutations—such	as	RAS	variants—marking	significant	progress	in	drug	development.	Spatial	transcriptomics	and	single-cell
sequencing:	These	tools	provide	high-resolution	insights	into	tumor	architecture	and	cellular	interactions	within	the	tumor	microenvironment,	informing	the	design	of	highly	specific	therapies.	Artificial	intelligence	(AI)	and	machine	learning	(ML):	AI	and	ML	are	being	leveraged	to	analyze	vast	datasets,	uncover	predictive	biomarkers,	and	identify
novel	therapeutic	avenues.	Immunotherapy:	The	immunotherapy	field	continues	to	gain	momentum	as	researchers	refine	ways	to	engage	the	immune	system	in	fighting	cancer.	Recent	innovations	include:	Antibody-drug	conjugates	(ADCs):	These	targeted	agents	deliver	cytotoxic	drugs	directly	to	cancer	cells,	minimizing	collateral	damage	to	healthy
tissue.	Cancer	vaccines:	Experimental	vaccines	are	being	developed	to	elicit	immune	responses	against	specific	tumor	antigens,	particularly	in	cancers	with	low	mutational	burden	such	as	pancreatic	cancer.	Tumor-infiltrating	lymphocyte	(TIL)	therapy:	This	personalized	approach	amplifies	a	patient’s	own	immune	cells	to	recognize	and	attack	cancer
cells	more	effectively.	Gene	Editing:	Gene	editing	technologies,	most	notably	CRISPR,	are	reshaping	cancer	research	by	enabling	precise	genetic	interventions:	Precision	genome	editing:	CRISPR	and	other	gene-editing	tools	allow	researchers	to	modify	or	correct	cancer-driving	mutations	at	the	DNA	level.	Gene	therapy	approaches:	These	strategies
aim	to	restore	or	enhance	the	function	of	genes	disrupted	in	cancer,	offering	potential	for	long-term	disease	control	or	prevention.	Emerging	Diagnostic	and	Research	Technologies:	Beyond	therapeutic	innovations,	emerging	diagnostic	technologies	are	revolutionizing	early	detection	and	disease	monitoring:	Liquid	biopsies:	These	minimally	invasive
tests	analyze	circulating	tumor	DNA	in	blood,	enabling	real-time	monitoring	of	tumor	dynamics	and	early	detection.	Digital	pathology:	Integrating	AI	with	digital	imaging	enhances	tissue	analysis,	enabling	the	discovery	of	new	biomarkers	and	improving	diagnostic	accuracy.	Collectively,	these	cutting-edge	technologies	are	propelling	cancer	research
into	a	transformative	era.	Continued	interdisciplinary	collaboration	and	sustained	investment	in	innovation	will	be	essential	to	realize	the	full	impact	of	these	advances	in	clinical	practice.	V.	Future	Research	Directions	The	future	of	cancer	research	lies	in	overcoming	the	multifaceted	challenges	posed	by	the	disease	through	innovation	and	cross-
disciplinary	collaboration.	Several	emerging	and	promising	avenues	are	gaining	momentum:	Precision	Oncology:	Efforts	are	intensifying	to	pinpoint	genetic	mutations	and	molecular	alterations	that	make	tumors	susceptible	to	targeted	interventions.	Advancing	this	field	could	lead	to	the	development	of	therapies	with	greater	efficacy	and	fewer	side
effects.	Next-Generation	Immunotherapy:	Current	immune	checkpoint	inhibitors	have	shown	promise	but	are	limited	by	resistance	mechanisms.	Ongoing	research	into	novel	immunotherapeutic	targets—such	as	tumor	necrosis	factor	receptor	2	(TNFR2)—aims	to	broaden	the	efficacy	and	applicability	of	these	treatments.	Artificial	Intelligence
Integration:	AI	is	poised	to	revolutionize	oncology	by	enhancing	diagnostic	accuracy,	predicting	treatment	responses,	and	streamlining	personalized	care.	Future	research	is	focused	on	embedding	AI	solutions	into	clinical	workflows	to	support	real-time	decision-making.	Global	Capacity	Building:	Addressing	disparities	in	cancer	research	capacity	is
critical.	Initiatives	that	support	training	and	education,	particularly	in	low-	and	middle-income	countries,	are	vital	for	fostering	the	next	generation	of	global	cancer	scientists.	Innovative	Diagnostic	and	Therapeutic	Technologies:	Breakthrough	platforms	such	as	CONVERAY	and	COXIRIS	are	at	the	forefront	of	improving	radiotherapy	precision	and
theragnostic	capabilities.	Continued	investigation	into	these	and	similar	technologies	holds	significant	potential.	In	addition	to	these	priorities,	further	exploration	is	needed	to	close	key	knowledge	gaps:	Tumor	Microenvironment	(TME):	A	deeper	understanding	of	the	dynamic	crosstalk	between	tumor	cells	and	their	surrounding	stroma,	immune	cells,
and	vasculature	is	essential	for	developing	therapies	that	can	effectively	modify	the	TME.	Cancer	Cell	Heterogeneity:	The	intratumoral	and	intertumoral	variability	remains	a	barrier	to	treatment	efficacy.	Decoding	the	mechanisms	behind	this	diversity	may	pave	the	way	for	more	refined	and	subtype-specific	therapeutic	strategies.	Biomarkers	and
Diagnostics:	The	discovery	and	validation	of	reliable	biomarkers	are	crucial	for	early	detection,	prognostication,	and	monitoring	of	therapeutic	responses,	thereby	enabling	more	personalized	treatment	approaches.	Continued	progress	in	these	domains	will	be	instrumental	in	transforming	cancer	care—offering	not	only	new	treatments	but	also
enhancing	the	precision,	accessibility,	and	effectiveness	of	existing	modalities.	VI.	The	Potential	of	Personalized	Medicine	in	Cancer	Care	Personalized	medicine	represents	a	paradigm	shift	in	oncology,	offering	the	promise	of	treatments	tailored	to	the	genetic,	molecular,	and	clinical	characteristics	of	individual	patients.	By	aligning	therapeutic
strategies	with	patient-specific	biomarkers,	this	approach	holds	the	potential	to	enhance	treatment	efficacy,	minimize	adverse	effects,	and	ultimately	improve	clinical	outcomes.	Targeted	Therapeutics:	Enhancing	Precision	and	Minimizing	Harm	Targeted	therapies	are	a	cornerstone	of	personalized	oncology,	designed	to	interfere	with	specific
molecular	drivers	of	tumor	growth:	Selective	Targeting:	By	focusing	on	cancer-specific	genetic	alterations,	these	therapies	spare	healthy	tissues,	reducing	off-target	toxicity.	Therapeutic	Efficacy:	Many	targeted	agents	have	demonstrated	superior	outcomes	compared	to	conventional	chemotherapy	or	radiotherapy,	particularly	in	molecularly	defined
patient	subgroups.	Improved	Tolerability:	The	precision	of	these	therapies	often	results	in	fewer	and	less	severe	side	effects,	improving	patient	quality	of	life.	Strategic	Implementation	of	Precision	Medicine	Precision	medicine	extends	beyond	treatment	to	encompass	diagnostic	and	prognostic	strategies:	Genomic	Profiling:	Comprehensive	molecular
characterization	of	tumors	enables	the	identification	of	actionable	mutations	and	informs	therapy	selection.	Individualized	Care	Plans:	Insights	from	molecular	diagnostics	are	used	to	craft	personalized	treatment	regimens,	aligned	with	each	patient’s	unique	cancer	biology.	Outcome	Optimization:	When	appropriately	applied,	precision	strategies
contribute	to	better	survival	rates	and	more	cost-effective	care	by	avoiding	ineffective	treatments.	Broad	Applications	Across	Oncology	and	Beyond	The	scope	of	personalized	medicine	is	expanding	rapidly:	Cancer-Specific	Therapies:	Tailored	approaches	are	being	successfully	applied	in	multiple	cancer	types,	including	breast,	lung,	and	colorectal
cancers.	Rare	and	Genetic	Disorders:	Advances	in	molecular	medicine	also	offer	new	hope	for	patients	with	rare	or	genetically	driven	malignancies.	Innovative	Research	Trajectories:	Ongoing	precision	medicine	research	is	accelerating	discoveries	that	can	lead	to	novel	biomarkers	and	therapeutic	targets.	Challenges	and	Limitations:	Despite	its
promise,	the	widespread	adoption	of	personalized	medicine	faces	notable	hurdles:	Technical	and	Clinical	Complexity:	Implementing	genomic-informed	care	requires	sophisticated	infrastructure	and	specialized	expertise.	Cost	and	Accessibility:	High	costs	and	limited	access	to	advanced	diagnostics	and	therapies	remain	significant	barriers,	particularly
in	resource-limited	settings.	Data	Integration:	Interpreting	complex	genomic	data	and	translating	it	into	clinical	action	remains	an	evolving	challenge.	Future	Perspectives	To	fully	realize	the	potential	of	personalized	medicine	in	oncology,	future	efforts	should	focus	on:	Refinement	of	Molecular	Profiling	Technologies:	Innovations	in	sequencing	and
bioinformatics	will	enhance	the	precision	and	accessibility	of	tumor	profiling.	Development	of	Next-Generation	Targeted	Agents:	New	drugs	tailored	to	emerging	molecular	targets	are	needed	to	expand	treatment	options	and	overcome	resistance.	Mainstream	Integration	of	Precision	Oncology:	Greater	adoption	in	routine	clinical	practice	will	depend
on	evidence-based	guidelines,	education,	and	equitable	resource	distribution.	V.	CONCLUSION	Cancer	remains	one	of	the	most	challenging	and	complex	diseases	to	address,	yet	advances	in	research	continue	to	offer	promising	avenues	for	improved	diagnosis,	treatment,	and	prevention.	Precision	medicine	has	emerged	as	a	transformative	strategy,
enabling	therapies	tailored	to	the	molecular	and	genetic	characteristics	of	individual	patients.	This	approach	not	only	enhances	treatment	efficacy	but	also	reduces	toxicity	and	improves	quality	of	life.	Emerging	technologies—such	as	artificial	intelligence,	gene	editing,	and	next-generation	immunotherapies—are	further	shaping	the	future	of	oncology.
These	innovations	have	the	potential	to	refine	diagnostic	tools,	uncover	novel	therapeutic	targets,	and	personalize	treatment	strategies.	However,	their	full	potential	can	only	be	realized	through	sustained	research,	validation,	and	clinical	integration.	Looking	ahead,	the	role	of	artificial	intelligence	in	image	analysis,	biomarker	discovery,	and	clinical
decision	support	is	expected	to	expand.	Gene	editing	and	gene	therapy	hold	promise	for	addressing	genetically	driven	cancers,	while	ongoing	refinement	of	immunotherapies	continues	to	push	the	boundaries	of	efficacy	and	applicability.	To	capitalize	on	these	advancements,	increased	investment	in	research,	cross-sector	collaboration,	and	global
capacity-building	are	essential.	Enhancing	public	awareness	and	education	will	also	be	key	to	fostering	support	and	encouraging	early	detection	and	prevention.	With	continued	commitment	and	innovation,	the	future	of	cancer	care	is	poised	to	become	more	precise,	effective,	and	patient-centered.	REFERENCES	Hanahan,	D.,	&	Weinberg,	R.	A.
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PinterestExperts	say	there	were	advancements	in	cancer	research	in	a	number	of	fields	in	2023.	The	Good	Brigade/Getty	ImagesWhen	one	thinks	of	the	most	wide-reaching,	deadly	health	issues	facing	the	world	today,	cancer	has	to	be	right	up	there	at	the	top	of	the	list.The	wide	range	of	diseases	encompassed	by	the	disease	affect	people	of	all	walks
of	life	in	all	corners	of	the	globe.In	the	United	States	alone,	recent	figures	show	there	were	an	estimated	1.9	million	new	diagnosed	cases	of	cancer	in	2022	along	with	609,360	cancer	deaths.Zooming	out	for	a	more	global	perspective,	cancer	stands	as	the	second	most	common	cause	of	death	worldwide,	accounting	for	almost	10	million	deaths	in
2018,	the	World	Health	Organization	(WHO)	reports.	That	was	nearly	one	in	every	six	deaths.The	World	Cancer	Research	Fund	International	states	that	there	were	18	million	cancer	cases	globally	in	2020.	About	9.5	million	were	reported	in	men	while	8.5	million	were	seen	in	women.Given	these	statistics,	where	are	we	today	in	the	push	to	develop
new	treatments?The	research	now	out	there	is	offering	us	a	more	comprehensive	understanding	of	how	cancers	are	affecting	millions	of	people	around	the	world.Healthline	spoke	with	some	experts	to	contextualize	the	big	breakthroughs	in	oncology	research	and	treatment	over	the	past	year	as	well	as	predictions	of	what	we	should	be	looking	in	the
year	ahead.Experts	say	that	mRNA	technology	has	yielded	exciting	resultsThroughout	this	year,	news	was	made	regarding	various	clinical	trials	for	potential	cancer	therapies	that	were	developed	by	way	of	mRNA	technology,	which	was	used	to	develop	the	COVID-19	vaccines.MRNA	refers	to	a	kind	of	nucleic	acid,	which	essentially	communicates
ways	the	body	can	produce	needed	proteins.	When	mRNA	is	injected	into	the	body	via	a	vaccine,	for	instance,	it	communicates	with	the	body’s	cells	to	trigger	an	immune	response	to	the	kinds	of	abnormal	proteins	created	by	a	cancer,	according	to	the	National	Cancer	Institute.A	range	of	trials	are	testing	whether	the	success	seen	with	COVID-19	can
work	with	cancers.A	team	from	Memorial	Sloan	Kettering	Cancer	Center	in	New	York	funded	by	the	National	Institutes	of	Health	(NIH)	has	been	developing	an	mRNA	vaccine	for	pancreatic	cancer.In	this	small	study,	customized	vaccines	were	engineered	successfully	for	18	of	the	19	participants.Throughout	the	study,	16	remained	at	a	healthy
threshold	to	receive	some	of	the	vaccine	doses	and	half	of	them	saw	the	vaccine	trigger	T	cells	needed	to	target	their	pancreatic	cancer.The	results	were	encouraging,	but	a	mixed	bag	—	after	a	year-and-a-half	post-treatment	period,	those	who	had	a	strong	T	cell	response	did	not	show	signs	of	the	cancer	returning.	The	other	half	who	didn’t	respond
to	the	vaccines	with	T	cell	activation	saw	their	cancer	return	within	an	average	of	one	year,	reports	NIH	Research	Matters.Dr.	Janice	Mehnert,	a	melanoma	expert	and	medical	director	of	NYU	Perlmutter	Cancer	Center’s	Clinical	Trials	Office	in	New	York,	told	Healthline	that	the	Moderna	mRNA	vaccine	program	is	currently	“a	super	exciting	space	to
watch.”The	drug	manufacturer	has	been	engaging	in	promising	mRNA	vaccine	clinical	trials	in	non-small	cell	lung	cancer,	for	which	it’s	partnering	with	Merck	on	a	phase	III	trial,	as	well	as	two	vaccine	trials	for	melanoma.In	July,	the	companies	announced	a	phase	III	trial	of	a	combination	therapy	that	consists	of	mRNA-4157	plus	pembrolizumab,
brand	name	Keytruda,	for	people	who	are	at	high	risk	and	who’ve	received	surgery.	The	goal	is	to	enroll	1,089	people	at	melanoma	stages	IIb	to	IV,	with	final	trial	results	expected	in	2029.Earlier	in	the	year,	the	two	companies	reported	results	from	a	phase	2b	trial	of	mRNA-4157	and	pembrolizumab	in	a	157-participant	trial.	It	revealed	a	44%
decrease	in	risk	of	post-surgical	melanoma	recurrence	or	death,	compared	to	the	risk	with	pembrolizumab	used	on	its	own.	This	combination	therapy	has	earned	breakthrough	designation	from	the	U.S.	Food	and	Drug	Administration	(FDA).Mehnert	said	that	these	developments	combine	“two	of	the	most	exciting	breakthroughs	in	medicine	—	mRNA
vaccine	technology	and	immunotherapy	in	a	personalized	tumor	informed	approach.”There	was	also	news	about	antibody	drug	conjugates	(ADCs)“Antibody	drug	conjugates	are	a	major	space	to	watch	with	huge	breakthroughs	in	breast	and	bladder	cancer	as	well	as	lung	and	stomach	cancer,”	Mehnert	said.Antibody	drug	conjugates	(ADCs)	are
basically	a	way	to	directly	target	cancer	cells	without	causing	the	toxic	damage	of	chemotherapy.	They	consist	of	monoclonal	antibodies	attached	to	the	drug	itself	by	way	of	a	linking	chemical	that	can	directly	hit	the	cancer	cells	in	question.The	journal	Frontiers	in	Immunology	reports	that	ADCs	have	proven	successful	in	preclinical	and	clinical	trials,
and	some	have	even	been	approved	by	the	FDA	to	treat	some	types	of	cancer.	It’s	a	growing	field	and	2023	saw	it	continue	to	be	high	on	everyone’s	radars.Given	how	the	disease	presents	itself	so	differently	between	individuals	and	the	many	forms	it	takes,	cancer	is	one	of	the	more	complex	health	issues	that	frustrates	clinicians	and	patients
alike.Samuel	Godfrey,	PhD,	a	research	information	lead	at	Cancer	Research	UK,	said	that	is	changing	partially	due	to	the	work	of	TRACERx,	a	project	that	aims	to	deliver	“the	most	detailed	understanding	of	cancer	evolution	ever.”“We	learned	how	cancer’s	capacity	for	rapid	change	is	inexhaustible,	which	helps	explain	why	this	disease	is	such	a
challenge	to	beat.	TRACERx	has	showed	that	it	is	actually	possible	to	spot	patterns	and	predict	cancer’s	behavior,	even	among	such	high	levels	of	complexity.	Realistically	we	could	one	day	predict	how	a	cancer	progresses	and	perhaps	even	intervene	before	it	becomes	a	problem,”	Godfrey	told	Healthline.These	are	artificial	antibodies	that	essentially
aim	a	person’s	T	cells	to	their	intended	cancer	cell	target.Godfrey	also	pointed	to	clinical	trials	such	FOxTROT	from	the	University	of	Birmingham	in	the	United	Kingdom	and	INTERLACE	out	of	University	College	London	as	showing	great	promise	in	“markedly	improved	cancer	survival.”“What	I	find	exciting	about	these	trials	is	that	the	breakthroughs
weren’t	about	new,	expensive	medicines	but	rather	using	well-established,	cheaper	drugs,”	he	said.	“In	short,	with	treatment,	it	might	be	all	about	timing.”Many	of	the	advancements	and	breakthroughs	these	experts	cited	are	currently	in	trials,	some	of	them	might	be	years	away	from	making	a	direct,	concrete	impact	in	cancer	care.Some	of	them	are
already	changing	the	game.It’s	a	wide	range,	just	in	the	same	way	cancers	themselves	affect	people	around	the	globe	in	such	broad	and	varied	ways.When	asked	what	he	sees	on	the	horizon,	Godfrey	said	that	now	is	a	time	of	“much	optimism	and	excitement	in	the	science	community.”“As	we	look	forward	to	2024,	I	am	particularly	excited	about
seeing	many	small	but	vital	steps	toward	better	prevention,	diagnosis	and	treatment,”	he	added.	“I	think	there	will	be	further	innovation	in	the	use	of	our	own	immune	systems	to	tackle	cancer.	We’ll	see	more	improvements	to	technology	that	can	detect	the	earliest	signs	of	cancer.	And	AI	[artificial	intelligence]	will	continue	to	allow	our	scientists	to
do	more,	taking	on	some	of	the	toughest	cancer	challenges	such	as	predicting	who	is	most	at	risk	of	the	disease.”“There	is	still	a	long	way	to	go,	but	it	is	very	inspiring	to	see	how	we	are	steadily	moving	toward	a	future	where	cancer	won’t	be	a	major	problem,”	Godfrey	said.	Every	new	year	brings	excitement	and	anticipation	for	what	might	happen
over	the	next	12	months.	So,	what’s	in	store	for	2025	that	could	change	the	way	we	diagnose	and	treat	cancer?	What	first-in-class	therapeutics	could	offer	new	life-saving	options	to	patients?	What	scientific	discovery	will	have	everyone	talking?		In	2024,	we	saw	the	approval	of	oncology	drugs	for	more	than	50	indications,	including	11	first-in-class
therapeutics.	One	of	those—the	first	tumor-infiltrating	lymphocyte	(TIL)	cell	therapy—involved	research	dating	back	over	30	years.	That	only	illustrates	the	time	and	dedication	sometimes	required	to	take	breakthroughs	from	bench	to	bedside,	making	predictions	challenging.	Thought	leaders	in	oncology,	however,	have	their	finger	on	the	pulse	of	the
field,	as	witnessed	though	our	annual	Experts	Forecast	series.			This	year,	we	spoke	with	five	leaders	about	the	advancements	they	are	most	looking	forward	to	in	their	respective	fields:		Siu,	director	of	the	Phase	I	Clinical	Trials	Program,	BMO	Chair	in	Precision	Cancer	Genomics,	and	codirector	of	the	Bras	and	Family	Drug	Development	Program	at
the	Princess	Margaret	Cancer	Centre,	University	Health	Network,	believes	we	are	about	to	enter	a	new	era	for	drugging	the	undruggable	with	the	next	generation	of	mutant-specific	molecules.	She	explained	how	the	RAS	space	is	still	very	active	as	we	move	beyond	the	first-generation	KRASG12C	inhibitors—sotorasib	(Lumakras)	and	adagrasib
(Krazati)—to	second-generation	inhibitors	of	this	variant	as	well	as	early	phase	I	evaluation	into	KRASG12D,	KRASG12V,	pan-KRAS,	and	pan-RAS	inhibitors.	In	addition	to	small	molecule	inhibitors,	therapeutic	cancer	vaccines	and	T-cell	receptors	are	other	modalities	actively	targeting	this	oncogene.		“These	variants	and	mutations	are	common	across
multiple	tumor	types,”	Siu	explained.	“We	could	see	very	exciting	data	in	the	next	year	or	so	with	these	types	of	novel	RAS-specific	inhibitors	in	tumors	that	were	previously	deemed	very	difficult	to	target	using	a	precision	medicine	approach,	such	as	pancreatic	cancer.”			Siu	also	sees	advances	in	technologies	such	as	spatial	transcriptomics,	single-
cell	sequencing,	and	artificial	intelligence	(AI)	and	machine	learning	(ML)	helping	to	further	our	understanding	of	the	tumor	microenvironment,	which	could	result	in	more	effective	targeted	therapies	and	immunotherapies.	For	example,	she	suggested	that	using	AI/ML	to	analyze	hematoxylin	and	eosin	(H&E)	slides	and	impute	transcriptomic	profiles
of	a	patient’s	tumor	sample	may	spot	hints	of	treatment	response	or	resistance	earlier	than	currently	available	methods.	This	could	be	particularly	beneficial	for	immunotherapies	where	identifying	predictive	biomarkers	has	been	challenging,	Siu	said.				“Other	than	PD-L1,	microsatellite	instability	(MSI)	status,	and	tumor	mutational	burden,	there
aren’t	really	any	validated	biomarkers	for	immunotherapy	selection,”	she	explained.	“But	with	high-resolution	spatial	technologies	and	perhaps	the	implementation	of	AI/ML	in	digital	pathology,	we	may	have	a	higher	chance	of	identifying	additional	predictive	biomarkers	as	well	as	novel	immunotherapy	targets	or	combinations	that	would	be	more
effective	than	current	strategies.”			Another	method	for	monitoring	response	to	treatment	that	researchers	have	been	examining	is	the	detection	of	circulating	tumor	DNA	(ctDNA).	In	the	coming	year,	Siu	expects	to	see	more	early-phase	clinical	trials	incorporate	ctDNA	testing	to	guide	dose	escalation	and	optimization	and	perhaps	even	aid	in	making
go/no-go	decisions	about	whether	a	trial	should	move	forward	to	a	later	phase.	However,	she	stressed	that	while	ctDNA	may	be	helpful	as	a	short-term	biomarker	in	clinical	trials,	it	is	not	sufficient	to	use	as	the	only	endpoint	at	the	present	time.			“We	have	to	follow	patients	through	to	see	whether	that	clearance	of	ctDNA	could	actually	predict	and
correlate	with	long-term	outcomes,	such	as	event-free	survival	and	overall	survival,”	Siu	explained.			Another	trend	she	thinks	will	continue	in	2025	is	the	increased	focus	on	clinical	trials	for	neoadjuvant	therapies,	especially	ones	that	are	built	around	immunotherapies	or	targeted	treatments	that	have	already	shown	positive	results	in	other	cancer
types.				“We	will	continue	to	see	drugs	moving	into	earlier	disease	treatment	settings,	because	this	is	where	we	would	make	the	biggest	difference	in	increasing	cancer	cures,”	Siu	said.			This	could	include	advancements	in	cancer	vaccines	and	antibody-drug	conjugates	(ADCs),	two	other	drug	classes	Siu	said	she	will	be	watching	closely	in	2025.	In
terms	of	therapeutic	cancer	vaccines,	she	will	keep	an	eye	on	the	ongoing	clinical	trials	for	neoantigen	vaccines	in	patients	who	have	very	low	tumor	burden,	such	as	those	with	molecular	residual	disease.	While	for	ADCs,	she	is	interested	in	following	the	progress	with	identifying	biomarkers	for	ADC	selection	beyond	immunohistochemistry,	such	as
by	looking	at	the	cytoplasmic	and	membrane	ratio	of	the	expression	of	specific	targets,	as	well	as	the	progress	with	novel	ADC	designs.			“Just	as	important	as	the	target	is	the	linker	and	the	payload,”	Siu	explained.	“A	lot	of	the	toxicity	for	ADCs	stems	from	the	payload	because	they	tend	to	cause	myelosuppression,	neuropathy,	etc.,	so	there	is	an
urgency	in	the	field	to	find	payloads	that	have	higher	therapeutic	index	without	causing	as	much	toxicity.”			In	the	immunotherapy	realm,	Balachandran	is	also	excited	to	track	the	progress	of	ADCs	as	one	of	several	methods	for	harnessing	immune	recognition	to	fight	cancer	that	he	believes	will	advance	in	2025.			“The	ability	to	target	tumor	proteins
with	an	ADC—an	antibody	attached	to	a	toxic	payload—really	opens	up	the	opportunity	to	test	a	variety	of	different	targets	for	a	variety	of	different	indications,”	he	explained.	“In	2025,	I’ll	be	watching	for	the	discovery	of	novel	targets	for	ADCs	as	well	as	application	of	existing	targets	to	new	cancer	types.”			As	director	of	The	Olayan	Center	for
Cancer	Vaccines	at	Memorial	Sloan	Kettering	Cancer	Center,	Balachandran	will	also	be	closely	watching	the	expanding	research	into	cancer	vaccines.	He	said	that	there	has	already	been	early	proof	of	concept	that	vaccines	may	help	the	immune	system	fight	cancers	that	typically	harbor	very	few	mutations,	such	as	pancreatic	cancer	and
glioblastoma,	as	well	as	highly	mutated	cancers	like	melanoma.				“It’s	still	early,	but	excitingly,	there	are	now	many	ongoing	clinical	trials	testing	vaccines	against	mutation-derived	antigens	in	cancers	that	span	the	mutational	spectrum,”	Balachandran	said.	“The	results	of	these	trials	will	provide	us	with	a	better	understanding	of	what	cancers	might
be	best	suited	for	treatment	with	a	vaccine.”			Most	of	these	ongoing	efforts	are	in	the	adjuvant	space,	Balachandran	explained,	where	the	cancer	vaccine	is	being	used	for	secondary	prevention	after	the	primary	cancer	has	been	removed,	with	the	goal	of	interrupting	the	cancer	from	returning.	There	are	also	efforts	to	examine	cancer	vaccines	as
primary	prevention,	but	Balachandran	does	not	expect	such	trials	to	report	results	in	2025.				“Cancer	vaccines	for	primary	prevention	are	mainly	focused	on	scenarios	where	there	is	a	higher	inherent	chance	of	cancer	forming,	such	as	with	Lynch	syndrome	where	tumors	develop	as	a	consequence	of	deficiencies	in	the	mismatch	repair	pathway,”	he
explained.	“Clinical	trials	in	this	space	will	be	very	interesting,	but	it	will	take	a	longer	time	for	us	to	understand	the	results.”			Another	question	that	Balachandran	is	interested	to	see	addressed	in	the	coming	years	is	whether	cancer	vaccines	must	be	personalized	for	one	or	more	antigens	based	on	a	patient’s	tumor	or	if	off-the-shelf	vaccines	for
shared	antigens	common	among	multiple	patients	would	be	just	as	effective.			“We	do	not	know	whether	a	specific	antigen	class	is	superior	or	not	when	targeted	with	a	vaccine,	so	it	will	be	important	to	look	at	the	science.	The	data	that	emanate	from	these	trials	will	help	us	understand	if	both	ways	might	work	or	if	one	is	better,”	he	said.				A	similar
query	is	being	explored	regarding	cell-based	therapies	like	chimeric	antigen	receptor	(CAR)	T-cell	therapy.	Most	CAR	T-cell	therapies	use	autologous	T	cells,	meaning	they	are	extracted	from	a	patient,	re-engineered	to	recognize	and	attack	cancer	cells,	and	then	infused	back	into	the	same	patient.	This	process,	however,	requires	expertise,	and	is	time
consuming	and	cost	prohibitive,	limiting	scalability.	But	allogeneic	CAR	T-cell	therapies	are	currently	being	tested	to	see	if	an	off-the-shelf	version	could	be	developed	that	uses	T	cells	from	healthy	donors.				“The	field	is	realizing	that	scalability	is	crucial	to	increase	access,	so	it	will	be	important	to	see	if	off-the-shelf	approaches	that	simplify	the
process	are	feasible,”	Balachandran	explained.			In	the	shorter	term,	Balachandran	will	be	monitoring	the	expansion	of	cell-based	immunotherapies	to	treat	more	cancer	types	following	the	first	FDA-approved	TIL	therapy	to	treat	metastatic	melanoma—making	it	the	first	cell-based	immunotherapy	approved	for	a	solid	tumor.	He	also	sees	research	into
cancer	vaccines	and	cell-based	therapies	as	interconnected	in	ways	beyond	the	question	of	off-the-shelf	options,	as	both	approaches	fundamentally	rely	on	the	interaction	between	immune	cells	and	cancer	antigens.			“It’ll	be	exciting	to	see	how	information	we	gather	from	one	method	impacts	the	other	and	vice	versa,”	Balachandran	said.		Dick,	a
senior	scientist	at	the	Princess	Margaret	Cancer	Centre,	also	foresees	progress	being	made	with	allogeneic	CAR	T-cell	therapies	becoming	more	widely	accessible	in	the	near	future.	That	is	just	one	of	his	predictions	related	to	how	advances	in	immunotherapies	will	have	an	impact	in	treating	hematologic	malignancies.				“In	blood	cancers,	one	of	the
issues	is	that	in	some	ways	the	easy	things	have	been	done,	and	now	it’s	time	to	tackle	the	more	challenging	problems,”	explained	Dick.	“We	have	advanced	therapies	that	can	target	the	vast	majority	of	the	cells	of	a	tumor	based	on	defined	phenotypes	and	genetic	driver	profiles,	but	there	are	two	problems:	tumors	can	possess	rare	drug	tolerant
cancer	cells	and	cancer	stem	cells	that	drive	recurrence;	and	therapies	can	also	kill	noncancerous	cells.	Now	the	challenge	is	to	develop	treatments	that	are	more	selective	for	targeting	all	classes	of	cancer	cells	present	in	the	tumor.	We	are	seeing	advances	in	trying	to	find	a	more	combinatorial	T-cell	targeting	therapy	where	you	can	target	a	cancer-
specific	marker	including	cancer	stem	cells	while	leaving	normal	cells	alone.”			For	example,	Dick	is	most	excited	by	the	idea	of	developing	CAR	T	cells	that	are	coded	by	a	sort	of	a	Boolean	logic.	In	these	cases,	the	CAR	T-cell	therapy	would	have	multiple	receptors	with	at	least	two	different	targets	that	are	known	to	be	associated	with	leukemia.	The
therapy	only	activates	when	it	finds	a	cell	with	both	leukemia	markers,	helping	to	spare	healthy	cells.				Dick	said	researchers	are	also	exploring	other	ways	to	spare	healthy	cells	when	treating	patients	with	blood	cancers.	This	includes	bispecific	antibodies	that	only	target	the	tumor	and	then	bring	in	cells	of	the	immune	system	to	kill	the	cancer
cells.			Like	Siu,	Dick	is	also	intrigued	by	the	latest	research	into	understanding	how	some	cancer	cells	are	able	to	resist	treatment	and	eventually	even	regrow	the	tumor.				“There’s	increasing	evidence	that	along	the	evolutionary	process	of	some	hematologic	tumors	that	certain	cells	are	fated	to	resist	therapy,”	Dick	explained.	“These	cells	are
already	there	the	day	the	person	walks	into	the	clinic.	They	can	be	very	rare	elements	of	the	tumor,	but	they	are	already	wired	with	metabolic	and	epigenetic	properties	that	cause	them	to	resist	standard	therapy.”			According	to	Dick,	advances	in	single-cell	analysis	of	gene	expression,	chromatin	accessibility,	and	methylation	are	helping	to	identify
these	cells	and	offer	a	better	understanding	behind	the	wiring	that	keeps	them	in	the	state	of	being	able	to	both	resist	therapy	and	later	regenerate	a	recurrence.	Dick	also	pointed	to	how	these	technologies	are	offering	a	wider	look	at	the	genome,	which	is	unlocking	additional	information	about	resistance	to	treatments.				“Cancer	isn’t	just	a	disease
of	genes	that	have	gone	bad;	98%	of	the	genome	contains	noncoding	regions	with	very	important	cancer-specific	regulators,”	Dick	explained.	“There	is	a	lot	of	cancer-related	information	in	these	regulatory	regions,	and	we	are	finding	that	the	reason	some	cancer	cells	resist	therapy	is	often	not	a	genetic	lesion	or	a	mutation,	but	a	change	in	cell	state
influenced	by	these	noncoding	regions	and	other	epigenetic	processes.”			Dick’s	own	previous	work	in	identifying	stemness	properties	in	leukemia	cell	states	helped	find	predictors	of	treatment	response,	but	he	believes	our	understanding	of	cell	states	will	advance	further	in	2025.	This	includes	a	deeper	understanding	of	clonal	hematopoiesis,	a
natural	feature	of	aging	in	which	one	blood	stem	cell	can	pick	up	a	clonal	advantage	over	many	other	stem	cells.	In	cases	of	TET2-mediated	clonal	hematopoiesis	of	indeterminate	potential	(CHIP),	these	mutated	CHIP	stem	cells	are	the	first	step	in	the	evolution	towards	leukemia	and	the	cell	of	origin,	leading	to	an	increased	risk	for	hematological
malignancies.	They	also	contribute	to	unrelated	diseases	including	cardiovascular	disease	and	even	influence	treatment	responses	for	solid	tumors.			“It’s	become	clear	that	clonal	hematopoiesis	is	influencing	how	immune	checkpoint	inhibitor	therapy	works	in	certain	subsets	of	patients,”	Dick	said.	“We	already	know	that	there’s	often	crosstalk
between	a	solid	tumor	and	the	blood	system	or	the	immune	system,	but	now	there	is	work	that	implicates	clonal	hematopoiesis	as	another	factor	that	has	been	previously	unrecognized.	This	is	a	going	to	become	a	major	player	in	how	patients	with	any	kind	of	solid	tumor	will	respond	to	therapy.”				It	could	also	play	a	role	in	a	new	era	Dick	sees	us
entering	in	which	we	are	able	to	target	cancers	much	earlier	in	their	evolution.	He	said	the	insights	we	gather	about	clonal	hematopoiesis	and	by	monitoring	cell-free	DNA	and	methylation	signatures	could	allow	us	to	target	cancers	in	a	premalignant	state.				“There’s	been	a	huge	advance	in	the	ability	to	map	the	cell	of	origin	for	a	blood	malignancy,”
Dick	explained.	“If	we	can	find	these	premalignant	cells	to	target	them,	we	can	prevent	them	from	progressing	to	cancer.”		Predicting	future	risk	of	cancer	is	at	the	center	of	much	of	Barzilay’s	work.	The	health	AI	faculty	lead	of	the	Jameel	Clinic	at	the	Massachusetts	Institute	of	Technology	has	been	collaborating	on	projects	that	use	AI	to	predict	lung
cancer	and	breast	cancer	years	before	diagnosis.			“We’ve	seen	some	really	exciting	results	in	which	the	performance	of	machines	rivals	the	performance	of	human	experts,”	Barzilay	said.	“Not	only	that,	but	AI	models	can	actually	give	us	reliable	trajectories	of	future	cancer	development.”			This	could	have	two	implications	in	the	years	ahead,
according	to	Barzilay.	One,	it	would	indicate	which	individuals	may	want	to	get	screened	more	frequently.	Two,	which	Barzilay	said	is	even	more	exciting,	it	would	help	identify	potential	participants	for	chemotherapy	prevention	trials,	which	could	lead	to	new	therapeutics	designed	to	prevent	cancer	but	have	so	far	been	difficult	to	conduct	without
knowing	who	is	likely	to	develop	the	disease.			“Until	very	recently,	most	of	the	AI	research	really	focused	on	radiology	and	pathology,	which	are	extremely	important,	of	course,	but	they	definitely	do	not	cover	everything	in	cancer	research	and	care,”	Barzilay	explained.	“Now	there’s	a	lot	of	excitement	related	to	molecular	modeling,	like	AlphaFold,
and	new	avenues	for	research	that	are	building	on	the	experimental	data	that	has	been	collected	for	decades.”		For	example,	the	Chan	Zuckerberg	Initiative,	which	helps	to	build	open-sourced	software	that	leverages	AI	to	advance	biomedicine	research,	has	continued	to	release	resources	from	the	global	Human	Cell	Atlas	and	other	projects	that	are
allowing	researchers	to	build	models	that	can	characterize	cell	states	and	behaviors.	Additionally,	large	amounts	of	biomolecular	patient	data	are	becoming	available	from	blood	analysis,	imaging,	cell	sequencing,	and	more.			“Typically,	you	specialize	in	a	particular	field	and	have	access	to	just	one	of	these	data	sources,	but	I	think	we	are	moving
towards	the	multimodal	analysis	of	all	of	these	data,	which	could	give	us	very	powerful	tools	to	rethink	the	diagnosis	and	treatment	of	cancer,”	Barzilay	said.		One	program	she	will	be	watching	closely	is	ADAPT	from	ARPA-H,	which	will	track	tumor	changes	through	multiple	lines	of	therapy	in	patients	and	offer	a	central	hub	where	clinicians	and
researchers	can	access	that	data.	The	goal	is	to	use	that	information	to	predict	which	mutation	a	cancer	will	develop	to	escape	the	current	line	of	treatment	and	perhaps	offer	a	personalized	plan	for	what	treatment	to	give	a	patient	next.		While	this	project	is	still	ongoing,	Barzilay	said	we	already	have	AI	tools	ready	to	be	used	in	the	clinic—but	the
health	care	infrastructure	is	not	set	up	for	them.	She	pointed	out	that	cancer	screening	guidelines	from	the	National	Comprehensive	Cancer	Network	(NCCN)	and	United	States	Preventive	Services	Taskforce	(USPSTF)	have	limited	recommendations	for	using	AI.	Additionally,	researchers	found	that	coverage	of	AI-based	tools	by	insurance	companies
in	the	United	States	is	lacking,	so	using	such	tools	could	lead	to	financial	toxicity	for	patients.	Current	regulatory	guidelines	are	also	not	supportive	of	rapid	changes	happening	in	AI,	according	to	Barzilay,	who	added	regulators	need	to	have	a	better	understanding	of	what	is	safe	and	secure	for	patients.					“I	hope	that	2025	will	be	the	year	where	it



changes	and	we	are	putting	our	efforts	as	clinicians,	researchers,	and	even	as	patients	together	and	are	lobbying	the	use	of	AI	technology	in	health	care,”	she	said.	“We	really	need	to	recognize	the	opportunity	AI	provides—we	cannot	continue	with	the	status	quo	because	it	costs	lives	and	causes	suffering.”		AI	researchers	can	also	do	their	part	by
involving	clinicians	more	directly	in	the	implementation	of	programs	within	the	clinic,	the	design	of	trials,	and	even	the	design	of	the	tools.	Barzilay	said	it	is	crucial	to	get	the	clinical	community	engaged,	so	they	can	better	understand	how	the	programs	work	and	would	be	more	willing	to	use	them.		As	for	the	issue	of	bias	in	AI	technology,	Barzilay
explained	that	while	this	is	a	serious	problem,	AI	could	potentially	be	part	of	the	solution.		“By	doing	very	large-scale	testing	on	a	diverse	population,	we	can	really	address	the	issue	of	bias	and	help	to	better	provide	equitable	care	for	the	whole	population,”	Barzilay	said.			As	an	epidemiologist,	Gomez	sees	the	advantages	AI	can	bring	when	analyzing
complex	multidimensional	data	to	better	understand	issues	around	cancer	health	inequity.	But	she	said	we	also	must	tread	carefully	when	implementing	this	technology.			“As	the	data	scientists	are	developing	AI	algorithms,	we	need	to	be	sure	they’re	working	hand-in-hand	with	disparities	researchers,	epidemiologists,	and	community	members	to
ensure	we	are	not	further	exacerbating	disparities	through	the	development	of	these	algorithms,”	explained	the	coleader	of	the	Cancer	Control	Program	at	the	University	of	California,	San	Francisco	(UCSF)	Helen	Diller	Family	Comprehensive	Cancer	Center.	“But	there	is	a	lot	of	potential	to	rapidly	accelerate	discoveries	regarding	what	factors	are
contributing	to	disparities,	the	intersections	of	those	factors,	and	how	that	may	potentially	inform	interventions.”		Emphasizing	that	cancer	disparities	are	the	result	of	multiple	factors,	Gomez	said	the	focus	in	2025	is	on	recognizing	the	upstream	factors	that	lead	to	cancer.	These	are	the	structural	and	social	drivers	of	health,	including	structural
racism	and	the	neighborhood	conditions	by	which	people	live,	work,	play,	grow,	and	pray.		“Unless	we	focus	on	these	most	upstream	factors,	we’re	not	going	to	fully	eliminate	cancer	health	disparities,”	said	Gomez,	who	was	awarded	the	2024	AACR	Distinguished	Lectureship	on	the	Science	of	Cancer	Health	Disparities.	“I	already	see	some	substantial
efforts	moving	in	that	direction,	including	studies	that	are	focusing	on	developing	different	measures	of	structural	racism	and	the	effects	of	policies	on	mediating	cancer	outcomes.”		An	area	that	Gomez	and	her	team	will	be	looking	at	more	closely	in	2025	is	the	concept	of	ethnic	enclaves,	which	have	traditionally	been	defined	as	neighborhoods	with	a
higher	concentration	of	specific	groups.	In	previous	research,	they	have	found	that	Asian	Americans	living	in	ethnic	enclaves	tend	to	have	better	survival	outcomes	than	their	counterparts,	while	Hispanics	living	in	Hispanic	enclaves	tend	to	have	worse	cancer	outcomes.	Now,	they	want	to	understand	what	makes	each	ethnic	enclave	different.		“By
trying	to	further	differentiate	ethnic	enclaves	and	clarify	the	specific	attributes	of	a	place,	we	can	pinpoint	some	of	the	protective	but	also	potentially	deleterious	factors,”	Gomez	explained.		In	2025,	Gomez	can	also	see	more	research	being	done	on	previously	understudied	exposures	that	promote	cancer,	such	as	climate	change.	The	effects	of	climate
change	have	been	found	to	disproportionately	impact	those	in	socioeconomically	deprived	areas,	including	during	heat	waves	where	urban	areas	create	“heat	islands”	and	are	more	likely	to	lose	power.		“Populations	that	are	already	more	at	risk	of	adverse	cancer	outcomes	are	going	to	be	further	disadvantaged	due	to	climate	impacts,”	Gomez	said.
“Hopefully	research	into	climate-induced	disparities	can	also	help	to	motivate	policy	changes	to	mitigate	some	of	the	impacts	of	climate	change.”		Gomez	also	expects	disparities	researchers	to	devote	more	attention	to	populations	that	have	traditionally	not	been	studied	as	much.	For	Gomez,	this	involves	zeroing	in	on	some	of	the	distinct	populations
that	generally	get	lumped	together	under	the	broad	category	Asian	American,	Native	Hawaiian,	and	Pacific	Islander	as	well	as	the	various	ethnicities	that	are	often	boiled	down	to	just	Hispanic.	Beyond	her	own	work,	she	is	also	excited	by	some	of	the	initiatives	that	are	attempting	to	collect	more	data	from	cancer	patients	of	various	sexual	orientation
and	gender	identity.			“Even	as	we	are	studying	these	distinct	populations,	we	are	moving	away	from	looking	at	social	identities	as	independent	factors,”	Gomez	explained.	“We	know	that	it’s	not	just	about	being	of	one	particular	racial	and	ethnic	group.	It’s	not	just	about	living	in	a	rural	versus	urban	area.	It’s	not	just	about	identifying	as	female
versus	male.	It’s	about	the	intersection	of	all	of	these	characteristics	together.	So,	I’m	hopeful	we	will	start	to	see	more	methods	looking	at	intersectionality	across	social	identities.”		Pulling	this	off	will	require	large	initiatives	involving	multidisciplinary	teams.	Gomez	said	this	idea	of	team	science	has	been	much	discussed	over	the	past	decade	but	has
been	difficult	to	actually	achieve.		“We’re	all	trained	in	our	very	specific	disciplines,	and	coming	together	to	tackle	one	problem	while	critically	thinking	about	how	these	different	disciplines	intersect	is	in	reality	very	challenging,”	Gomez	explained.	“But	I	feel	like	we’re	finally	starting	to	see	that	come	to	fruition	to	help	to	facilitate	cells-to-society
research.”		CAR	T	Cells:	Engineering	Patients’	Immune	Cells	to	Treat	Their	Cancers	Research	to	improve	CAR	T-cell	therapy	is	progressing	rapidly.	Researchers	are	working	to	expand	its	use	to	treat	more	types	of	cancer	and	better	understand	and	manage	its	side	effects.	Learn	how	CAR	T-cell	therapy	works,	which	cancers	it’s	used	to	treat,	and
current	research	efforts.	Treatment	Strategy	for	ecDNA-Driven	Tumors	Shows	Potential	Researchers	have	found	that	cancer	cells	containing	extrachromosomal	DNAs	(ecDNAs)	have	a	weakness	that	can	be	exploited	by	a	drug	that	targets	the	CHK1	protein.	In	mice,	combining	the	drug	with	another	targeted	therapy	kept	cancer	at	bay	for	long
periods.	Will	Ponsegromab	Be	a	Game	Changer	for	Cancer	Cachexia?	In	a	clinical	trial,	people	with	advanced	cancer	and	cachexia	treated	with	the	experimental	drug	ponsegromab	gained	an	average	of	2	to	6	pounds	over	12	weeks,	depending	on	the	dose	they	received.	Participants	treated	with	the	placebo	lost	an	average	of	1	pound	over	the	same
time	period.	Understanding	the	Risk	of	Second	Cancers	After	CAR	T-Cell	Therapy	In	late	2023,	FDA	announced	it	was	investigating	instances	of	second	cancers	following	treatment	with	CAR	T-cell	therapies.	In	this	Q&A,	NCI’s	Dr.	Stephanie	Goff	explains	what’s	known	about	the	issue,	stressing	that	second	cancers	“of	any	kind	are	rare.”	Drug	Combo
JAKs	Up	Immunotherapy	in	Two	Clinical	Trials	Scientists	have	been	searching	for	ways	to	make	immune	checkpoint	inhibitors	work	for	more	patients.	In	two	trials,	researchers	explored	a	possible	role	for	JAK	inhibitors,	which	dampen	chronic	inflammation.	Spurred	by	Survivors,	Researchers	Are	Revisiting	Cancer	Drug	Doses	When	it	comes	to	cancer
drugs,	researchers	are	moving	away	from	a	paradigm	called	the	maximum	tolerated	dose.	Instead,	they’re	focusing	more	on	identifying	doses	that	produce	fewer	side	effects	but	are	still	effective	against	a	person’s	cancer.	A	Better	Biomarker	for	Cancer	Immunotherapy?	A	new	study,	conducted	largely	in	mice,	may	help	explain	why	a	currently	used
molecular	marker—called	mismatch	repair	deficiency—doesn’t	always	work	to	predict	which	patients	will	respond	to	immunotherapies	called	immune	checkpoint	inhibitors.	Oncolytic	Virus	Enables	the	Immune	System	to	Attack	Tumors	A	cancer-infecting	virus	engineered	to	tamp	down	a	tumor’s	ability	to	suppress	the	immune	system	shrank	tumors
in	mice,	a	new	study	shows.	The	modified	oncolytic	virus	worked	even	better	when	used	along	with	an	immune	checkpoint	inhibitor.	Few	People	with	Cancer	Undergo	Testing	for	Inherited	Gene	Mutations	Despite	recommendations,	a	new	analysis	shows	few	people	with	cancer	undergo	germline	testing	to	learn	if	their	cancer	may	have	been	caused
by	gene	changes	inherited	from	a	parent.	Germline	testing	can	help	doctors	determine	the	best	treatments	for	a	patient	and	help	identify	people	whose	family	members	may	be	at	higher	risk	of	cancer.	Strategy	May	Prevent	Tumor	Resistance	to	Targeted	Cancer	Therapies	Researchers	have	identified	a	mechanism	by	which	cancer	cells	develop
specific	genetic	changes	needed	to	become	resistant	to	targeted	therapies.	They	also	showed	that	this	process,	called	non-homologous	end-joining	(NHEJ),	can	potentially	be	disrupted.	Can	Chemotherapy	Drugs	Be	Designed	to	Avoid	Side	Effects?	Researchers	have	modified	a	chemo	drug,	once	abandoned	because	it	caused	serious	gut	side	effects,	so
that	it	is	only	triggered	in	tumors	but	not	normal	tissues.	After	promising	results	in	mice,	the	drug,	DRP-104,	is	now	being	tested	in	a	clinical	trial.	Can	Targeted	Therapy	for	KRAS	Mutations	Double	as	Part	of	Immunotherapy?	Two	research	teams	have	developed	a	treatment	approach	that	could	potentially	enable	KRAS-targeted	drugs—and	perhaps
other	targeted	cancer	drugs—flag	cancer	cells	for	the	immune	system.	In	lab	studies,	the	teams	paired	these	targeted	drugs	with	experimental	antibody	drugs	that	helped	the	immune	system	mount	an	attack.	Targeting	Inflammation	Emerges	as	a	Strategy	for	Treating	Cancer	Inflammation	is	considered	a	hallmark	of	cancer.	Researchers	hope	to	learn
more	about	whether	people	with	cancer	might	benefit	from	treatments	that	target	inflammation	around	tumors.	Some	early	studies	have	yielded	promising	results	and	more	are	on	the	horizon.	Immunotherapy’s	Skin	Side	Effects:	Are	Microbes	to	Blame?	People	with	cancer	who	take	immunotherapy	drugs	often	develop	skin	side	effects,	including
itching	and	painful	rashes.	New	research	in	mice	suggests	these	side	effects	may	be	caused	by	the	immune	system	attacking	new	bacterial	colonies	on	the	skin.	Can	Chronic	Graft-Versus-Host	Disease	Be	Prevented?	Removing	immune	cells	called	naive	T	cells	from	donated	stem	cells	before	they	are	transplanted	may	prevent	chronic	graft-versus-host
disease	(GVHD)	in	people	with	leukemia,	a	new	study	reports.	The	procedure	did	not	appear	to	increase	the	likelihood	of	patients’	cancer	returning.	Can	mRNA	Vaccines	Help	Treat	Cancer?	The	success	of	mRNA	vaccines	for	COVID-19	could	help	accelerate	research	on	using	mRNA	vaccine	technology	to	treat	cancer,	including	the	development	of
personalized	cancer	vaccines.	Study	Details	Long-Term	Side	Effects	of	Immune	Checkpoint	Inhibitors	While	doctors	are	familiar	with	the	short-term	side	effects	of	immune	checkpoint	inhibitors,	less	is	known	about	potential	long-term	side	effects.	A	new	study	details	the	chronic	side	effects	of	these	drugs	in	people	who	received	them	as	part	of
treatment	for	melanoma.	Over	the	past	year,	MD	Anderson	researchers	and	clinicians	have	investigated	the	gut	microbiome,	examined	the	earliest	genesis	of	lung	adenocarcinoma	cells,	tested	new	and	improved	therapies,	and	more.	Their	breakthroughs	in	cancer	research	continue	to	drive	forward	our	mission	to	end	cancer.	Here	are	11	novel	MD
Anderson	research	highlights	from	last	year.	1.	Eating	beans	improves	gut	health,	regulates	immune	and	inflammatory	processes	in	colorectal	cancer	survivors	The	BE	GONE	trial	examined	the	effects	of	adding	one	cup	of	cooked	white	navy	beans	per	day	to	the	diet	of	participants	with	a	history	of	colorectal	cancer.	Carrie	Daniel-MacDougall,	Ph.D.,
associate	professor	of	Epidemiology	and	director	of	MD	Anderson’s	Bionutrition	Research	Core,	led	the	trial.	Participants	saw	an	increase	in	beneficial	bacteria	and	a	decrease	in	harmful	bacteria	in	their	gut	microbiome	after	eight	weeks	when	incorporating	the	beans	into	their	diet,	compared	to	their	diet	without	beans.	Both	diet	and	gut	health,
including	microbiome	balance,	play	a	role	in	the	prevention	of	inflammation,	cancer	and	cardiovascular	disease	that	impact	the	health	and	longevity	of	colorectal	cancer	survivors.	The	study’s	findings,	published	in	eBioMedicine,	highlight	the	importance	of	consistent	and	sustainable	dietary	changes.	“Observing	a	shift	in	microbiome	diversity	with
diet	intervention	alone	is	rare,	and	this	study	underscores	the	ability	of	a	readily	available	prebiotic	food	to	bring	about	such	changes,”	says	Daniel-MacDougall.	2.	PARP	inhibitor	plus	immunotherapy	lowers	risk	of	endometrial	cancer	progression	over	chemotherapy	alone	Compared	to	treatment	with	chemotherapy	alone,	adding	durvalumab,	an	anti-
PD-L1	monoclonal	antibody,	reduced	the	risk	of	disease	progression	or	death	in	patients	with	newly	diagnosed	stage	III-IV	or	recurrent	endometrial	cancer.	Adding	a	PARP	inhibitor	called	olaparib	reduced	the	risk	further.	Shannon	Westin,	M.D.,	professor	of	Gynecologic	Oncology	and	Reproductive	Medicine,	presented	findings	from	the	Phase	III
DUO-E	trial	at	the	2023	European	Society	for	Medical	Oncology	(ESMO)	Congress.	The	findings	were	also	published	in	the	Journal	of	Clinical	Oncology.	3.	Novel	menin	inhibitors	show	promise	for	patients	with	advanced	acute	myeloid	leukemias	A	multicenter	Phase	I	clinical	trial	and	a	Phase	I/II	trial	both	showed	promising	results	from	novel
therapies	for	the	treatment	of	relapsed	or	refractory	acute	leukemia.	Data	from	both	trials	were	presented	at	the	2023	American	Society	of	Hematology	(ASH)	Annual	Meeting.	The	Phase	I	trial,	led	by	Elias	Jabbour,	M.D.,	professor	of	Leukemia,	investigated	the	menin	inhibitor	JNJ-75276617	in	leukemia	with	changes	to	the	KMT2A	or	NPM1	gene.	The
Phase	I/II	trial	led	by	Ghayas	Issa,	M.D.,	assistant	professor	of	Leukemia,	combined	revumenib,	a	menin	inhibitor,	with	the	hypomethylating	agent	ASTX727	and	the	BCL-2	inhibitor	venetoclax	in	patients	who	had	changes	to	the	KMT2A,	NUP98	or	NPM1	gene.	Issa	led	an	additional	trial	of	revumenib,	called	AUGMENT-101,	which	was	previously
published	in	Nature	and	led	to	FDA	approval	of	the	drug	for	adults	and	pediatric	patients	with	relapsed	or	refractory	advanced	acute	leukemia	with	KMT2A	gene	rearrangements.	4.	Changes	in	gut	microbiome	may	influence	cancer	growth	in	other	parts	of	the	body	Interleukin-17	(IL-17)	is	a	signaling	protein	linked	to	both	regulating	the	balance	of
the	gut	microbiome	and	cancer	progression.	In	preclinical	models,	removing	the	IL-17	receptor	in	the	intestines	led	to	an	unbalanced	gut	microbiome	and	the	growth	of	remote	brain	and	pancreatic	tumors.	However,	the	effect	was	reversed	by	adding	antibiotics	that	targeted	the	“bad”	bacteria	promoting	tumor	behavior.	The	research,	led	by
Florencia	McAllister,	M.D.,	professor	of	Gastrointestinal	Medical	Oncology	and	Genetics,	and	published	in	Cancer	Cell,	suggests	a	role	for	antibiotics	or	other	interventions	to	maintain	gut	microbiome	balance	in	trials	with	drugs	targeting	IL-17.	5.	Vaccine	demonstrates	potential	in	delaying	relapse	of	KRAS-mutated	pancreatic	and	colorectal	cancers
Published	in	Nature	Medicine,	results	from	the	Phase	I	AMPLIFY-201	trial	show	the	potential	of	the	ELI-002	vaccine	to	prevent	relapse	of	KRAS-mutated	cancers.	ELI-002	is	an	off-the-shelf	cancer	vaccine	that	targets	KRAS	G12D	and	G12R-mutant	cancers.	It	trains	T	cells	to	recognize	KRAS	mutations	and	eliminate	the	cancer	cells	that	have	them.
Patients	with	pancreatic	and	colorectal	cancer	who	were	at	high	risk	for	relapse	received	the	vaccine.	84%	of	patients	showed	T	cell	responses	that	were	correlated	with	an	86%	reduction	in	risk	of	relapse	or	death.	The	results	from	this	study,	led	by	Shubham	Pant,	M.D.,	associate	professor	of	Gastrointestinal	Medical	Oncology,	have	led	to	a	Phase	II
trial	with	an	updated	version	of	the	vaccine	targeting	additional	KRAS	mutations.	6.	Study	unravels	the	earliest	cellular	genesis	of	lung	adenocarcinoma	Humam	Kadara,	Ph.D.,	professor	of	Translational	Molecular	Pathology,	and	Linghua	Wang,	M.D.,	Ph.D.,	associate	professor	of	Genomic	Medicine,	led	a	team	who	built	an	atlas	of	around	250,000	lung
epithelial	cells.	Using	single-cell	sequencing,	they	looked	at	genetic	changes	in	individual	cells	from	normal	and	cancerous	tissue	samples	of	the	lung	lining.	A	key	discovery	was	the	identification	of	a	novel	cell	state	with	KRAS	mutations.	A	subset	of	alveolar	cells,	lung	cells	that	help	exchange	gases,	taken	from	normal	lung	tissue	had	KRAS	mutations
that	led	to	lung	adenocarcinoma	in	preclinical	models.	“Our	study	provides	unequivocal	evidence	that	tumor	cells	do,	indeed,	arise	from	these	intermediate	cells,	opening	the	door	for	new	research	avenues,”	Kadara	says	of	the	research,	which	was	published	in	Nature.	“These	findings	are	very	exciting	since	they	suggest	that	KRAS	inhibitors	could	be
clinically	beneficial	for	treatment	or	even	interception	of	primitive	stages	of	lung	adenocarcinoma.”	7.	PARP1-selective	inhibitor	demonstrates	early	efficacy	in	breast	cancers	with	DNA	repair	defects	The	Phase	I/II	PETRA	trial,	led	by	Timothy	Yap,	M.B.B.S.,	Ph.D.,	professor	of	Investigational	Cancer	Therapeutics,	evaluated	a	first-in-class	PARP
inhibitor,	saruparib,	for	patients	with	homologous	recombination	repair-deficient	breast	cancers.	HRR-deficient	cancer	cells	have	changes	that	negatively	impact	their	ability	to	repair	DNA,	which	makes	them	more	dependent	on	the	PARP	protein	to	repair	damaged	DNA.	First-generation	PARP	inhibitors	targeted	two	types	of	PARP	protein,	PARP1	and
PARP2,	whereas	next-generation	PARP	inhibitors,	like	saruparib,	target	PARP1	only.	Saruparib	had	encouraging	efficacy	and	an	improved	safety	profile	compared	to	first-generation	PARP	inhibitors.	Following	results	presented	at	the	2024	American	Association	for	Cancer	Research	(AACR)	Annual	Meeting,	saruparib	is	being	tested	in	a	Phase	III	trial.
8.	Pre-	and	post-surgical	immunotherapy	improves	outcomes	for	patients	with	operable	lung	cancer	Patients	who	received	nivolumab	had	significantly	prolonged	event-free	survival	and	a	42%	reduction	in	risk	of	lung	cancer	progression,	recurrence	or	death,	according	to	research	led	by	principal	investigator	Tina	Cascone,	M.D.,	Ph.D.,	associate
professor	of	Thoracic/Head	&	Neck	Medical	Oncology.	The	study	examined	adding	nivolumab,	a	type	of	immunotherapy,	before	and	after	surgery.	The	results	indicate	perioperative	immunotherapy	effectively	reduced	the	risk	of	relapse	for	the	more	than	half	of	patients	with	operable	non-small	cell	lung	cancer.	Data	from	the	Phase	III	CheckMate	77T
study	was	initially	presented	at	the	2023	European	Society	for	Medical	Oncology	(ESMO)	Congress	and	was	published	in	the	New	England	Journal	of	Medicine.	9.	Proton	therapy	demonstrates	advantages	in	Phase	III	head	and	neck	cancer	trial	A	multicenter	Phase	III	trial,	led	by	Steven	Frank,	M.D.,	professor	of	Radiation	Oncology,	compared
traditional	intensity	modulated	radiation	therapy	(IMRT)	to	intensity	modulated	proton	therapy	(IMPT)	for	patients	with	head	and	neck	cancer	undergoing	chemoradiation	treatment.	IMPT	was	statistically	as	effective	as	IMRT	at	extending	progression-free	survival.	Patients	who	received	IMPT	had	less	malnutrition,	weight	loss	and	feeding-tube
dependence	than	those	receiving	IMRT.	Presented	at	the	2024	American	Society	of	Clinical	Oncology	(ASCO)	Annual	Meeting,	this	was	the	largest	randomized	Phase	III	trial	comparing	IMPT	to	IMRT.	“The	results	of	this	multi-center	Phase	III	randomized	trial	provide	evidence	for	IMPT	as	a	new	standard-of-care	treatment	approach	for	the
management	of	head	and	neck	tumors,”	Frank	says.	10.	GPX4	and	PARP	co-inhibition	may	boost	PARP	inhibitor	effectiveness	in	BRCA1-deficient	cancers	BRCA1-deficient	cancers	and	other	cancers	with	impaired	DNA	repair	mechanisms	often	respond	well	initially	to	PARP	inhibitors,	then	develop	resistance.	In	a	study	published	in	Cancer	Discovery,
researchers	led	by	Boyi	Gan,	Ph.D.,	professor	of	Experimental	Radiation	Oncology,	identified	GPX4	co-inhibition	as	a	possible	therapeutic	strategy	to	overcome	PARP	inhibitor	resistance.	Glutathione	peroxidase	4,	or	GPX4,	is	a	protein	that	inhibits	ferroptosis,	a	newly	discovered	type	of	cell	death	that	depends	on	iron.	In	preclinical	models,	tumors
derived	from	patients	with	BRCA1-mutant	breast	cancer	experiencing	PARP	inhibitor	resistance	had	a	higher	sensitivity	to	co-inhibition	by	both	PARP	and	GPX4.	11.	CAR	NK	cells	with	CD28	costimulation	improved	cell	persistence	and	antitumor	activity	Researchers	led	by	Katy	Rezvani,	M.D.,	Ph.D.,	professor	of	Stem	Cell	Transplantation	&	Cellular
Therapy,	added	CD28	costimulation	to	chimeric	antigen	receptor	(CAR)	natural	killer	(NK)	cells	targeting	CD70	in	preclinical	models	of	solid	tumors	and	hematologic	cancers.	To	target	CD70,	CAR	NK	cells	have	a	protein	receptor	called	CD27	added	to	their	surface.	It	allows	them	to	recognize	and	target	cancer	cells	expressing	CD70.	To	evaluate
costimulatory	options,	researchers	in	the	Rezvani	Lab	tried	adding	CD28,	another	type	of	protein	receptor.	Adding	CD28	costimulation	enhanced	the	CAR	NK	cells’	efficacy	and	persistence,	improving	antitumor	activity.	The	research,	published	in	Cancer	Discovery,	led	to	the	initiation	of	first-in-human	Phase	I/II	clinical	trials	to	assess	CAR27	NK	cells
with	CD28	costimulation.	“Based	on	the	innate	anti-tumor	activity	of	NK	cells	against	cancer	and	the	potential	of	CD70	as	a	target	antigen,	CD70-targeting	CAR	NK	cells	hold	significant	promise	as	an	effective	treatment	for	many	solid	tumors,”	says	Rezvani.	Learn	more	about	research	at	MD	Anderson.	10,000+	patients	enrolled	in	clinical	trials
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research	has	made	remarkable	progress	and	new	discoveries	are	beginning	to	be	made.	In	this	review,	we	will	introduce	and	describe	the	latest	novel	areas	of	cancer	research:	exosomes,	microbiomes,	immunotherapy,	and	organoids.	The	cancer	research	field	has	developed	significantly	through	use	of	new	equipment	and	technology.	One	example	of
new	technology	is	Next‐Generation	Sequencing	(NGS).	Also	known	as	high‐throughput	sequencing,	NGS	is	the	catch‐all	term	used	to	describe	a	number	of	different	modern	nucleic	acid	sequencing	technologies.	These	methods	allow	for	much	quicker	and	cheaper	sequencing	of	DNA	and	RNA	compared	with	the	previously	used	Sanger	sequencing,
and	as	such	have	revolutionized	the	study	of	genomics	and	molecular	biology.	NGS	also	allows	for	easier	detection	of	mutations	in	cancer	samples,	leading	to	development	of	many	new	agents	that	can	be	used	to	treat	patients.	For	example,	if	the	RAS	gene	status	is	detected	as	wild	type	in	a	colorectal	cancer	patient,	then	an	anti‐EGFR	antibody,	such
as	cetuximab	or	panitumumab,	can	be	used	for	treatment.	A	liquid	biopsy,	also	known	as	fluid	biopsy	or	fluid	phase	biopsy,	is	the	sampling	and	analysis	of	non‐solid	biological	tissue,	primarily	blood.	1	It	is	being	used	as	a	novel	way	to	detect	cancer.	Like	a	traditional	biopsy,	this	type	of	technique	is	mainly	used	as	a	diagnostic	and	monitoring	tool	for
diseases,	and	also	has	the	added	benefit	of	being	largely	noninvasive.	Therefore,	liquid	biopsies	can	be	performed	more	frequently,	allowing	for	better	tracking	of	tumors	and	mutations	over	a	duration	of	time.	This	technique	may	also	be	used	to	validate	the	effectiveness	of	a	cancer	treatment	drug	by	taking	multiple	liquid	biopsy	samples	in	the	span
of	a	few	weeks.	It	may	also	prove	to	be	beneficial	for	monitoring	relapse	in	patients	after	treatment.	Novel	devices	and	drugs	have	also	been	developed	and	used	for	cancer	treatment.	For	surgery	procedures,	robotic‐assisted	laparoscopic	surgery	has	evolved	and	made	it	possible	to	visualize	the	fine	movement	of	the	forceps	in	three	dimensions.	This
method	is	now	used	in	esophageal,	gastric,	and	rectal	cancer	surgeries	in	Japan.	2	,	3	,	4	Recently,	immunotherapy	became	an	additional	method	for	treating	cancer	patients.	The	discovery	of	the	immune	checkpoint	by	Dr	Honjo	led	to	the	development	of	immune	checkpoint	inhibitors.	5	Despite	these	developments,	gastrointestinal	cancers	are	still	a
major	problem	in	need	of	new	treatment	methods.	In	this	review,	we	introduce	and	describe	four	new	areas	of	cancer	research	that	may	contribute	to	cancer	treatment	in	the	future:	exosomes,	microbiome,	immunotherapy,	and	organoids.	An	exosome	is	a	small	particle	that	is	secreted	by	cells.	Its	size	can	range	from	50	to	150	nm	and	has	a	surface
consisting	of	proteins	and	lipids	that	originate	from	the	cell	membrane.	Additionally,	proteins	and	nucleic	acids,	such	as	DNA,	microRNAs,	and	mRNAs,	can	be	found	inside	the	exosome	as	its	“cargo.”	6	Recently,	many	researchers	have	discovered	that	exosomes	are	involved	in	the	mechanisms	of	various	diseases.	As	mentioned	above,	various
functional	compounds,	such	as	microRNAs,	mRNAs,	and	proteins,	can	be	contained	within	exosomes.	7	,	8	Many	cells	use	secretion	of	exosomes	to	communicate	with	one	another,	and	these	exosomes	can	even	reach	distant	cells.	Cancer	cells	can	also	secrete	exosomes	that	contain	molecules	beneficial	to	cancer	growth.	For	example,	microRNAs	found
in	cancer	exosomes	can	modulate	gene	expression	to	induce	angiogenesis	in	the	tumor	microenvironment,	which	supports	metastasis.	9	Exosomes	released	from	cancer	cells	can	also	reportedly	break	the	blood‐brain	barrier,	which	makes	it	contribute	to	brain	metastasis.	10	,	11	Cancer	cells	themselves	are	similarly	affected	by	the	exosomes	secreted
by	the	surrounding	normal	cells.	12	In	one	case,	the	exosomes	secreted	by	bone	marrow‐delivered	mesenchymal	stem	cells	can	force	cancer	cells	into	a	dormant	state.	13	These	dormant	cancer	cells	become	resistant	to	chemotherapy	and	are	involved	in	long‐term	disease	recurrence.	Thus,	exosomes	are	deeply	involved	in	cancer	proliferation,
invasion,	and	metastasis,	as	well	as	in	the	formation	of	the	tumor	microenvironment	and	pre‐metastatic	niche.	13	Further	research	on	cancer‐related	exosomes	is	ongoing.	Knowledge	of	exosomes	can	be	applied	to	cancer	treatment.	If	the	secretion	of	exosomes	from	cancer	cells	can	be	prevented,	then	signal	transduction	supporting	the	formation	of
the	tumor	microenvironment	and	pre‐metastatic	niche	can	be	blocked.	Work	focusing	on	the	removal	of	cancer	exosomes	is	now	ongoing.	14	Exosomes	can	also	be	utilized	for	cancer	diagnosis.	Exosomes	secreted	by	many	cell	types	are	found	in	various	body	fluids,	such	as	blood	and	urine.	Capturing	and	analyzing	exosomes	from	cancer	cells	can	be
used	to	detect	the	presence	of	disease.	15	Obtaining	blood	or	urine	from	patients	is	not	very	invasive	or	painful.	Since	many	molecules,	such	as	various	proteins,	DNA,	and	microRNAs,	can	be	found	in	exosomes	from	normal	cells,	it	is	important	to	distinguish	them	from	cancer‐related	ones.	If	exosomes	are	to	be	used	for	cancer	diagnosis,	then	specific
biomarkers	need	to	be	discovered.	Additionally,	the	development	of	a	method	to	detect	these	exosomes	must	be	done.	Currently,	exosome	detection	methods	for	exosomes	abundantly	found	in	the	serum	of	colorectal	and	pancreatic	cancer	patients,	as	well	as	exosomes	found	in	the	urine	of	bladder	cancer	patients,	are	being	developed.	16	,	17	Thus,
further	understanding	of	the	mechanisms	governing	cancer	proliferation,	invasion,	and	metastasis,	as	well	as	the	development	of	cancer	detection	and	therapeutic	methods,	is	significantly	affected	by	exosome	research.	A	large	number	of	microorganisms	inhabit	the	human	body.	These	microorganisms	include	bacteria,	viruses,	and	fungi.	Among
them,	bacteria	have	the	most	important	relationship	with	the	human	body.	Bacteria	can	live	anywhere	within	the	human	body,	including	the	digestive	tract,	respiratory	system,	and	oral	cavity.	18	,	19	,	20	In	particular,	bacteria	in	the	digestive	tract	are	rich	in	type	and	number,	21	with	possibly	1000	types	and	more	than	100	trillion	individual	bacterial
cells	present.	22	,	23	The	overall	population	of	various	bacteria	found	in	the	human	intestine	is	referred	to	as	the	“intestinal	flora.”	Recently,	the	terms	“microbiota”	or	“microbiome”	have	also	been	widely	used.	Recent	advancements	with	NGS	have	led	to	a	much	more	precise	understanding	of	the	intestinal	microbiome.	24	The	bacteria	in	the	human
microbiome	mainly	belong	to	four	phyla:	Firmicutes,	Bacteroidetes,	Proteobacteria,	and	Actinobacteri.	Of	these,	Firmicutes	and	Bacteroidetes	are	the	most	dominant	species.	It	is	reported	that	microbiome	vary	depending	on	age	and	race.	25	,	26	Dysbiosis	is	a	condition	in	which	the	diversity	of	the	microbiome	is	reduced.	Dysbiosis	is	reportedly
involved	in	various	diseases	such	as	inflammatory	bowel	disease,	colorectal	cancer,	obesity,	diabetes,	and	allergic	diseases.	27	,	28	,	29	For	example,	bacteria	such	as	Atopobium	parvulum	and	Actinomyces	odontolyticus	increase	in	number	during	the	early	stages	of	colorectal	cancer	(adenomas	or	intramucosal	cancers)	and	decrease	in	number	during
cancer	progression.	30	This	suggests	that	a	specific	microbiome	is	associated	with	early	stages	of	colorectal	cancer	development,	which	may	be	useful	knowledge	for	early	cancer	detection.	Various	studies	have	also	been	conducted	to	elucidate	the	relationship	between	the	microbiome	and	the	human	immune	system.	31	The	IgA	antibody,	which	is	one
of	the	most	important	elements	in	the	intestinal	immune	system,	is	believed	to	play	a	role	in	the	elimination	of	pathogens	and	maintenance	of	the	intestinal	environment.	The	IgA	antibody	recognizes,	eliminates,	and	neutralizes	pathogenic	bacteria	and	toxins.	It	also	maintains	a	symbiotic	relationship	by	recognizing	and	binding	to	the	normal
microbiome	of	the	host.	32	Mice	lacking	a	microbiome	have	reduced	production	of	the	IgA	antibody.	A	microbiome	is	required	for	IgA	antibody	differentiation.	Recent	studies	have	identified	W27IgA	antibodies	that	have	the	ability	to	bind	to	various	bacteria.	33	Oral	administration	of	a	W27IgA	antibody	to	enteritis	model	mice	suppressed	enteritis	by
altering	the	microbiome.	This	W27IgA	antibody	can	recognize	a	part	of	the	amino	acid	sequence	of	serine	hydroxymethyl	transferase,	which	is	a	metabolic	enzyme	involved	in	bacterial	growth.	The	W27IgA	antibody	can	suppress	the	growth	of	E	coli	by	binding	to	them.	However,	the	W27IgA	antibody	does	not	bind	to	bacteria	that	suppress	enteritis,
such	as	bifidobacteria	and	lactic	acid	bacteria.	33	Thus,	the	microbiome	is	deeply	involved	in	human	intestinal	immunity.	Recently,	it	is	having	been	established	that	the	microbiome	is	not	only	involved	in	intestinal	immunity,	but	also	in	the	systemic	immune	system.	As	the	analysis	of	the	microbiome	progresses,	the	pathophysiology	of	various	diseases,
such	as	cancers,	and	its	relationship	with	the	regulatory	function	of	the	human	immune	system	will	be	further	elucidated.	It	has	been	demonstrated	that	F	nucleatum	plays	a	role	in	the	development	and	progression	of	colon	adenomas	and	colorectal	cancer.	It	is	also	related	to	lymph	node	metastases	and	distant	metastasis.	34	,	35	Also,	microbiome	is
associated	with	hepatocellular	carcinoma.	36	Studying	microbiome	will	give	us	some	clue	in	the	development	and	remedy	for	gastrointestinal	cancers	(Table	1).	Gastrointestinal	cancer	and	their	related	microbiome	Gastrointestinal	cancer	Related	microbiome	Gastric	cancer	Helicobacter	pylori	Colorectal	cancer	Atopobium	parvulum	Fusobacterium
nucleatum	Actinomyces	odontolyticus	Solobacterium	moorei	Parvimonas	micra	Peptostreptococcus	stomatis	Desulfovibrio	longreachensis	Bacteroides	fragiis	Peptostreptococcus	anaerobius	Escherichia	coli	Campylobacter	jejuni	Hepato	cellular	carcinoma	Bacteroides	Lachnospiracea	incertae	sedis	Clostridium	XIVa	Helicobacter	hepaticus	Biliary	tract
cancer	Salmonella	enterica	Salmonella	typhi	Helicobacter	hepaticus	Helicobacter	pylori	Helicobacter	bilis	Pancreatic	cancer	Porphyromonas	gingivalis	For	many	years,	surgery,	chemotherapy,	and	radiation	therapy	were	the	main	methods	of	cancer	treatment.	In	addition	to	these	therapies,	immunotherapy	has	recently	attracted	great	attention
worldwide	(Table	2).	37	,	38	Under	normal	circumstances,	a	cancer	antigen	will	activate	the	patient's	immune	system	to	attack	the	cancer	cells.	However,	sometimes	the	immune	system	does	not	recognize	the	cancer	cells	as	non‐self,	or	it	simply	fails	to	attack	them.	This	can	result	in	the	development	and	progression	of	cancer.	Immune	checkpoint
inhibitors	Immune	checkpoint	inhibitor	Target	molecule	Target	cancer	Ipilimumab	CTLA‐4	Malignant	melanoma,	Renal	cell	carcinoma,	(combination	with	nivolumab)	MSI‐H	CRC	Tremelimumab	CTLA‐4	(combination	with	Durvalumab)	Non‐small	cell	lung	cancer,	Head	and	neck	cancer	Pembrolizumab	PD‐1	Malignant	melanoma,	Non‐small	cell	lung
cancer,	MSI‐H	solid	tumors	Nivolumab	PD‐1	Malignant	melanoma,	Non‐small	cell	lung	cancer,	Head	and	neck	cancer,	Gastric	cancer	Spartalizumab	PD‐1	BRAF	mutated	maligant	melanoma	Cemiplimab	PD‐1	Squamous	cell	skin	cancer	Atezolizumab	PD‐L1	Breast	cancer,	Non‐small	cell	lung	cancer,	Small	cell	lung	cancer	Avelumab	PD‐L1	Merkel	cell
cancer,	Renal	cell	carcinoma	Durvalumab	PD‐L1	Non‐small	cell	lung	cancer	Although	therapies	that	activate	the	immune	system	against	cancer	cells	have	been	studied	for	a	long	time,	the	use	of	the	patient's	own	immune	system	for	cancer	treatment	was	not	established.	Recently,	the	effectiveness	of	both	immune	checkpoint	inhibition	therapy	and
chimeric	antigen	receptor	(CAR)‐T	cell	therapy	has	proved	to	be	promising.	39	,	40	Immunotherapy	has	moved	to	the	forefront	of	cancer	treatment	strategies.	There	are	two	major	reasons	why	proving	the	efficacy	of	cancer	immunotherapies	was	difficult	for	some	time.	First,	cancer	immunity	is	strongly	suppressed.	Signal	transduction	from	immune
checkpoint	compounds,	such	as	PD‐1	and	CTLA4,	strongly	inhibits	cytotoxic	T	cells	(CTLs).	38	This	checkpoint	mechanism	can	prevent	the	immune	system	from	attacking	cancer	cells.	The	development	of	immune	checkpoint	inhibitors	has	arisen	from	the	discovery	of	this	mechanism.	Inhibition	of	immune	checkpoint	molecules	with	neutralizing
antibodies	can	release	the	suppression	of	cancer‐specific	CTLs,	activate	immunity,	and	promote	cancer	elimination.	The	effectiveness	of	immune	checkpoint	antibodies	has	been	confirmed	and	clinically	applied	to	many	solid	cancers	such	as	melanoma,	41	lung	cancer,	42	urothelial	cancer,	43	gastric	cancer,	44	and	esophageal	cancer.	45	In	addition	to
PD‐1	and	CTLA4,	new	immune	checkpoint	molecules,	such	as	LAG3,	TIGIT,	and	SIRPA,	are	also	being	actively	studied.	46	,	47	,	48	Although	this	therapy	is	promising,	the	cancer	cases	who	respond	to	these	therapies	are	limited.	This	is	because	use	of	this	therapy	requires	the	presence	of	cancer‐specific	CTLs	in	the	patient's	body.	To	maximize	the
therapeutic	effect,	it	is	desirable	to	select	appropriate	cases	and	develop	useful	biomarkers.	The	second	difficulty	for	immunotherapy	is	that	T	cells	do	not	recognize	specific	cancer	cell	antigens	and	immune	accelerators	are	too	weak.	One	goal	of	CAR‐T	cell	therapy	is	to	strengthen	the	immune	accelerator	by	administering	CTLs	to	the	patient's	body
that	recognize	specific	cancer	cell‐specific	antigens.	A	CAR	is	prepared	by	fusing	a	single	chain	Fv	(scFv),	derived	from	a	monoclonal	antibody	that	recognizes	a	specific	antigen	expressed	by	cancer	cells,	with	CD3z	and	costimulatory	molecules	(CD28,	4‐1BB,	and	others).	Next,	the	CAR	is	introduced	to	the	T	cells	obtained	from	a	cancer	patient	and
CAR‐T	cells	are	made.	CAR‐T	cells	recognize	the	specific	antigen	of	the	cancer	cells	and	are	activated	to	damage	these	cells.	CAR‐T	cells	recognize	cancer‐specific	antigens	with	high	antibody	specificity	and	attack	the	respective	cancer	cells	with	strong	cytotoxic	activity	and	high	proliferative	activity.	CAR‐T	therapy	is	effective	in	blood	cancers	such	as
B‐cell	acute	lymphoblastic	leukemia	and	myeloma.	49	,	50	While	CAR‐T	cell	therapy	has	a	high	therapeutic	effect,	a	frequent	and	serious	adverse	event	called	cytokine	release	syndrome	has	been	observed	in	some	patients.	51	,	52	The	development	of	a	technique	for	suppressing	the	occurrence	of	cytokine	release	syndrome	is	anticipated.	In	addition,
the	development	of	CAR‐T	cell	therapies	for	solid	tumors	is	ongoing.	Recently,	there	was	new	progress	made	in	treating	gastrointestinal	cancer	patients.	For	MSI‐H	colorectal	cancer,	the	combination	therapy	with	nivolumab	and	ipilimumab	was	approved.	From	the	nivolumab	plus	ipilimumab	cohort	of	CheckMate‐142,	progression‐free	survival	rates
were	76%	(9	months)	and	71%	(12	months);	respective	overall	survival	rates	were	87%	and	85%	which	were	quite	high.	This	new	treatment	will	benefit	MSI‐H	colorectal	cancer	patients.	53	Thus,	it	is	expected	that	further	understanding	of	cancer	immune	mechanisms	and	the	development	of	various	immunotherapies	will	contribute	to	great	progress
in	cancer	treatment.	One	problem	for	immunotherapy	is	that	there	is	no	certain	predictive	biomarker.	It	was	thought	that	the	expression	of	PD‐1	or	PD‐L1	would	predict	the	effect.	However,	this	was	not	the	case.	To	find	a	new	biomarker,	we	assessed	the	cytolytic	activity	(CYT)	score.	The	CYT	score	is	a	new	index	of	cancer	immunity	calculated	from
the	mRNA	expression	levels	of	GZMA	and	PRF1.	We	are	now	evaluating	CYT	score	in	gastric	cancer	patients	(data	not	published).	The	development	in	the	biomarker	search	will	benefit	many	gastrointestinal	cancer	patients.	The	three‐dimensional	(3D)	organoid	system	is	a	cell	culture‐based,	novel,	and	physiologically	relevant	biologic	platform.	54	An
organoid	is	a	miniaturized	and	simplified	version	of	an	organ	that	is	produced	in	vitro	in	3D	and	shows	realistic	microanatomy.	With	only	one	to	a	few	cells	isolated	from	tissue	or	cultured	cells	as	the	starting	material,	organoids	are	grown	and	passaged	in	a	basement	membrane	matrix,	which	contributes	to	their	self‐renewal	and	differentiation
capacities.	54	,	55	The	technique	used	for	growing	organoids	has	rapidly	improved	since	the	early	2010s	with	the	advent	of	the	field	of	stem	cell	biology.	The	characteristics	of	stem,	embryonic	stem	cells	(ES	cells),	or	induced	pluripotent	stem	cells	(iPS	cells)	that	allow	them	to	form	an	organoid	in	vitro	are	also	found	in	multiple	types	of	carcinoma
tissues	and	cells.	Therefore,	cancer	researchers	have	applied	ES	cells	or	iPS	cells	in	their	field.	56	,	57	,	58	Organoid	formation	generally	requires	culturing	stem	cells	or	their	progenitor	cells	in	3D.	54	,	55	The	morphological	and	functional	characteristics	of	various	types	of	carcinoma	tissue	have	been	recapitulated	in	organoids	that	were	generated
from	single‐cell	suspensions	or	cell	aggregates.	These	suspensions	or	aggregates	were	isolated	from	murine	and	human	tissues	or	cultured	cells,	as	well	as	from	cancer	stem	cells	propagated	in	culture.	The	structures	of	the	organoids	show	the	potential	of	cancer	stem	cell	self‐renewal,	proliferation,	and	differentiation	abilities,	and	also	provide
insights	into	the	roles	of	molecular	pathways	and	niche	factors	that	are	essential	in	cancer	tissues.	56	,	57	,	59	,	60	,	61	,	62	The	organoid	system	also	has	been	utilized	for	studying	multiple	biological	processes,	including	motility,	stress	response,	cell‐cell	communications,	and	cellular	interactions	that	involve	a	variety	of	cell	types	such	as	fibroblasts,
endothelial	cells,	and	inflammatory	cells.	These	interactions	are	mediated	via	cell	surface	molecules,	extracellular	matrix	proteins,	and	receptors	in	the	microenvironment	under	homeostatic	and	pathologic	conditions.	Although	the	organoid	system	is	a	complex	and	not	effortless	procedure	that	requires	specific	media,	supplements,	and	many	tricky
techniques,	58	,	63	application	of	this	system	has	been	extended	to	a	variety	of	cell	types	from	different	carcinomas	(colorectal,	pancreatic,	prostate,	breast,	ovary,	and	esophageal	cancers).	56	,	57	,	59	,	60	,	61	An	organoid	is	generally	induced	within	a	few	days	to	weeks,	and	is	faster	and	less	costly	than	the	murine	xenograft	assay.	Furthermore,
applying	novel	genetic	manipulations	(e.g.	CRISPR‐Cas9)	can	be	carried	out	in	the	organoid	system.	64	,	65	Kasagi	et	al	modified	keratinocyte	serum‐free	medium	to	grow	3D	organoids	from	endoscopic	esophageal	biopsies,	immortalized	human	esophageal	epithelial	cells,	and	murine	esophagi.	Esophageal	3D	organoids	serve	as	a	novel	platform	to
investigate	regulatory	mechanisms	in	squamous	epithelial	homeostasis	in	the	context	of	esophageal	cancers.	64	We	anticipate	that	many	experimental	results	that	utilize	the	organoid	system	will	be	published	in	the	future.	The	3D	organoid	system	has	emerged	in	the	past	several	years	as	a	robust	tool	in	basic	research	with	the	potential	to	be	used	for
personalized	medicine.	66	By	passaging	dissociated	primary	structures	to	generate	secondary	3D	organoids,	this	system	can	be	performed	using	live	tissue	pieces	obtained	from	biopsies,	operative‐resected	specimens,	or	even	frozen	tissues.	This	method	has	the	potential	to	transform	personalized	therapy.	For	example,	in	the	case	of	cancer
recurrence,	an	effective	chemotherapy	can	be	selected	by	testing	the	chemotherapeutic	sensitivity	of	cancer‐derived	organoids	from	an	individual	patient's	tissue	stocks.	In	many	cases,	a	patient's	organoid	accumulation	is	helpful	for	testing	the	sensitivity	of	novel	therapeutic	agents	for	treating	carcinoma.	66	Hence,	it	appears	that	organoid	biology
will	further	develop	with	a	goal	of	translating	the	research	into	personalized	therapy.	This	review	describes	four	new	cancer‐related	studies:	exosomes,	microbiome,	immunotherapy,	and	organoids	(Figure	1).	The	summary	of	the	four	cancer	research	areas.	In	this	figure	the	summary	of	the	four	cancer	research	areas	is	shown:	exosome,	microbiome,
immunotherapy,	and	organoid	researchSince	exosomes	are	released	in	blood	or	urine,	if	the	capturing	system	is	established,	it	will	be	a	less	invasive	test	to	diagnose	cancer.	In	the	present,	the	presence	of	circulating	tumor	DNA	(ctDNA)	is	one	of	the	tools	to	detect	the	minimal	residual	disease.	However,	since	ctDNA	is	only	DNA,	it	is	difficult	to
spread	to	cancer	research.	In	that	respect,	as	exosomes	include	not	only	DNA	but	also	other	nucleic	acids	and	proteins,	this	will	be	a	new	tool	for	cancer	research	such	as	the	diagnosis	of	early	cancer.	Microbiome	may	lead	to	improved	cancer	diagnosis	and	treatment.	Detecting	a	specific	microbiome	in	a	gastrointestinal	tract	may	predict	a	specific
cancer.	And	changing	microbiome	in	some	way	may	result	in	preventing	cancer	development.	Organoids	may	help	address	the	problem	of	drug	resistance,	and	also	lead	to	the	development	of	personalized	therapy.	However,	producing	organoids	takes	time	and	testing	the	drug	resistance	may	take	more	time.	If	we	could	overcome	these	problems,	the
research	into	organoids	can	contribute	to	overcoming	cancer.	As	shown	in	Table	3,	many	new	studies	and	findings	are	reported	into	this	field	of	research.	These	four	novel	cancer	research	areas	will	make	many	contributions	to	the	diagnosis	and	treatment	of	cancer.	Recent	studies	on	exosome,	microbiome,	immunotherapy,	and	organoids	Research
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Articles	from	Annals	of	Gastroenterological	Surgery	are	provided	here	courtesy	of	Wiley	Infobiochem	February	23,	2025	Introduction	Cancer	research	has	made	significant	strides	over	the	past	few	decades,	improving	detection	methods,	targeted	treatments,	and	better	patient	outcomes.	As	a	complex	group	of	diseases,	cancer	requires	a	multifaceted
approach	that	incorporates	genetics,	immunology,	and	cutting-edge	technology.	This	article	explores	the	latest	advancements	in	cancer	research	and	their	potential	impact	on	future	treatments.	Breakthroughs	in	Early	Detection	Early	detection	remains	a	key	factor	in	improving	survival	rates.	Recent	innovations	include:	Liquid	Biopsies:	Non-invasive
blood	tests	that	detect	tumor	DNA	fragments,	allowing	for	early	cancer	detection	and	monitoring.	Artificial	Intelligence	(AI):	Machine	learning	algorithms	are	improving	diagnostic	accuracy	by	enhancing	imaging	techniques	such	as	mammography	and	CT	scans.	Biomarkers:	Advances	in	biomarker	research	are	leading	to	the	development	of	specific
tests	for	various	cancer	types,	enabling	personalized	screening.	Targeted	Therapy	and	Precision	Medicine	Traditional	chemotherapy	affects	both	cancerous	and	healthy	cells,	often	causing	severe	side	effects.	Targeted	therapy	aims	to	minimize	these	effects	by	focusing	on	cancer-specific	molecules.	Genomic	Profiling:	Analyzing	a	tumor’s	genetic
mutations	allows	for	the	customization	of	treatment	strategies.	PARP	Inhibitors:	Effective	in	treating	cancers	with	BRCA	mutations,	particularly	breast	and	ovarian	cancer.	Monoclonal	Antibodies:	Lab-engineered	antibodies	that	bind	to	cancer	cells	and	flag	them	for	destruction	by	the	immune	system.	Immunotherapy	and	Its	Growing	Role
Immunotherapy	has	revolutionized	cancer	treatment	by	harnessing	the	body’s	immune	system	to	fight	tumors.	Key	developments	include:	Checkpoint	Inhibitors:	Drugs	like	pembrolizumab	and	nivolumab	block	immune	checkpoints,	allowing	the	immune	system	to	attack	cancer	cells.	CAR-T	Cell	Therapy:	A	personalized	treatment	where	a	patient’s	T
cells	are	genetically	modified	to	target	cancer	cells,	particularly	effective	in	blood	cancers.	Cancer	Vaccines:	Experimental	vaccines	are	being	developed	to	prevent	or	treat	cancers	by	stimulating	an	immune	response.	The	Role	of	Artificial	Intelligence	in	Research	AI	and	big	data	analytics	are	accelerating	cancer	research	by:	Identifying	patterns	in
vast	datasets	to	predict	cancer	risk	and	progression.	Enhancing	drug	discovery	by	simulating	molecular	interactions.	Improving	personalized	treatment	plans	through	AI-driven	analysis	of	patient	histories	and	genetic	data.	Future	Prospects	in	Cancer	Research	Looking	ahead,	several	promising	avenues	may	redefine	cancer	treatment:
Nanotechnology:	Using	nanoparticles	to	deliver	drugs	directly	to	tumor	cells,	reducing	side	effects	and	increasing	efficacy.	Gene	Editing:	CRISPR	technology	holds	the	potential	for	directly	correcting	genetic	mutations	responsible	for	cancer.	Microbiome	Research:	Understanding	the	gut	microbiome’s	role	in	cancer	could	lead	to	novel	prevention	and
treatment	strategies.	Conclusion	The	landscape	of	cancer	research	is	evolving	rapidly,	with	innovations	offering	new	hope	for	improved	outcomes	and	potential	cures.	Continued	investment	in	scientific	exploration,	collaborative	efforts,	and	technological	advancements	will	play	a	crucial	role	in	shaping	the	future	of	cancer	treatment	and	prevention.	As
the	owner	of	this	site,	we	want	to	contribute	a	little	support	to	the	users	by	providing	relevant	information	about	biochemistry	and	related	fields	with	relevant	reference.	Please	donate	us	if	you	find	our	articles	informative.	A	featured	survivor	in	the	AACR	Cancer	Progress	Report	2024,	Jennifer	Ficko	was	diagnosed	with	stage	4	melanoma	in	2010.	She
enrolled	in	a	clinical	study	evaluating	a	new	immune	checkpoint	inhibitor,	ipilimumab	(Yervoy),	but	her	cancer	did	not	respond	to	the	treatment.	Jennifer	then	received	a	combination	of	ipilimumab	and	another	checkpoint	inhibitor,	nivolumab	(Opdivo).	While	the	combination	produced	an	intermittent	response,	numerous	severe	side	effects	made	it
impossible	for	her	to	continue	treatment.	In	2017,	Jennifer	enrolled	in	a	clinical	trial	to	evaluate	a	novel	immunotherapy	known	as	tumor-infiltrating	lymphocyte	(TIL)	therapy.	Scientists	isolated	immune	cells	known	as	T	cells	from	her	tumor,	grew	them	in	numbers,	and	infused	them	back	into	her	body.	While	the	treatment	triggered	severe	swelling	in
her	body,	that	reaction	was	a	sign	that	the	therapy	was	working.	While	her	recovery	was	long	and	exhausting,	and	she	still	experiences	lingering	side	effects,	Jennifer	has	been	cancer-free	for	seven	years.	“I	was	lucky.	Not	everybody	is	so	lucky.	Many	cancers	are	on	the	rise.	We	need	research	so	that	we	can	find	cures,	or	perhaps	prevent	[cancers]
from	occurring	in	the	first	place.	This	can	only	be	accomplished	through	funding	for	cancer	research.	We	must	have	congressional	support;	otherwise,	we’ll	never	find	a	cure.”	Video:	Learn	more	about	Jennifer’s	story.


