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GH: 28 year old female with rectal cancer
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>
Curative Surgery

B » Disease-free
Stage Il rectal cancer for >2 years

Diagnosed during labor
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Hallmarks of Cancer

Functional capabilities (hallmarks of cancer)

Inactivating
growth
suppressors

Establishing
replicative
immortality

Deregulating
cellular
metabolism

Sustaining
proliferative

signaling

Evading
immune
destruction

Resisting
programmed
cell death

Inducing or
accessing
vasculature

Unlocking
phenotypic
plasticity

Activating
invasion and
metastasis




Vogelstein adenoma:carcinoma sequence
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Metastasis causes >90% of cancer death
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Metastasis

 “Meta” = Other “Stasis” = Place

* The development of secondary malignant growths at a
distance from a primary site of cancer.
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The metastatic cascade

a Primary tumour b Proliferation/ ¢ Detachment/ d Embolism/circulation
angiogenesis invasion

Lymphatics,

venules,
caplilaries Interaction with platelets,
lymphocytes and other
blood compenents
e Extravasation Adherence to Arrest in organs Transport

vessel wall

Nature Reviews | Cancer



Metastasis involves co-evolution of the tumor and host

A Surgery
Adjuvant — Dissemination
l therapy — Dormancy

| | Colonization
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Primary tumor Cryptic metastasis Overt metastasis

Local dissemination

Primary tumor Micrometastasis
e Attrition s @ Outgrowth
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Intravasation MIC * Extravasation
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=
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tumor cells

Progressive resistance to physical, biochemical, redox, and immunological stressors

>

Gerstberger, Jiang and Ganesh, Cell, 2023

The goal of most cancer drugs is to target metastasis, not primary tumors



Therapy Genetic
resistance selection

[

e Selection of ®* Permissive mutational

resistance landscape
mutations ® Evolutionary
e Adaptive cellular bottlenecking
Mac-:ro- reprogramming * Increasing
environment e Lineage plasticity | aneuploidy
systemic

- Plasticity
reprogramming ]
. * Transcriptional

° DysregUIated systemic heterogeneity

inflammation. o : ¢ Rewiring epigenetic
* Pre-metastatic f \ landscape

niche cnfeation ( \Y[ ) * Metabolic
e Cachexia > adaptability

Principles of
metastasis

Organ-specific Developmental
microenvironment and regenerative
adaptation reprogramming
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¢ Transient adoption
of fetal-like multi-
potential states
¢ Reversion along
developmental
continuum

* Reciprocal reprogramming
of tumor and host
e Selection of organ-
adapted
transcriptional
states

Immune
Dormancy evasion
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* Dynamic * Altered antigen

equilibrium with presentation
immune e Dysregulated
surveillance cytokine secretion
* Reversible ® Innate immunity
cancer cell suppression

quiescence * Impaired effector immune
cell recruitment and

cytotoxicity

Gerstberger, Jiang afjd Ganesh, Cell, 2023




Genetic alterations do not explain the emergence of metastasis

Frequency (%)

Colorectal cancer
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Co-option of developmental and regenerative programs during metastasis
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Gerstberger, Jiang and Ganesh, Cell, 2023



Patterns of metastatic dissemination

Lung cancer Liver cancer Pancreatic cancer
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What determines organ-tropism of metastasis?

Mechanistic theory: determined by the pattern of blood flow. James
Ewing 1929




What determines organ-tropism of metastasis?

|II

“Seed and soil” theory: the provision of a fertile environment in which compatible
tumor cells could grow. Stephen Paget 1889

* 1950s-1970s injection of tumor cells into circulation of animals
* Vast majority of injected cells died

 The number of metastases was proportional to the number of tumor cells
injected

* The rate of tumor cell trapping in the microvasculature of different organs,
and the survival and outgrowth of trapped cells varied.
* Metastasis is largely clonal

1973 Isiaih J. Fidler Nature New Biology 242, 148—-149
* 2000s Joan Massague

* Selection of multiple metastatic lines with different organ tropism



IN VIVO SELECTION TO IDENTIFY METASTASIS MEDIATORS

MDA-MB-231

cell line TN SN
Parental 1834 4175
(LM2)

Wr

Bone Mets

Different seeds can have different affinities for different sites in the body, as has been shown by
studies that bred mice to have particular sub-clones of metastatic colonies that are either lung
specific or bone specific

Source: 1] Fidler. (1973) Nature 242:148-149, reprinted with permission from Macmillan Pub-
lishers Ltd; Y Kang et al. (2003) Cancer Cell 3:537-549, reprinted with permission from Elsevier;
AJ] Minn et al (2005) Nature 436, 518-524, reprinted with permission from Macmillan Publishers Ltd




Primary tumor Metastatic tumor

Good representation Good infiltration of Increased number of Reduced number
of all TME cells CD4 and CD8 T cells T regulatory cells of CD4 and CD8
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Increasing
immune
suppression
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Gerstberger, Jiang and Ganesh, Cell, 2023




Micrometastatic disease

Oligometastatic disease

Multi-organ metastatic disease

(=)

All metastatic stages:

Limit dynamic plasticity of MICs (e.g. at the
epigenetic level with chromatin remodeling
inhibitors, DNA hypomethylating agents)

Anticipate and target lineage plasticity

Enforce terminal differentiation of regenerative
progenitors

Development of state-specific immunotherapies
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Gerstberger, Jiang and Ganesh, Cell, 2023




Plasticity is the overarching halimark of metastasis

Primary tumor Metastasis
: Hybrid Dedifferentiated
= Metast
Plasticity inieiiaatsinZSIS intermediate stem cell- Proliferative
cell (MIC) cells like MIC MIC
Dl=seninaion Transient fetal/ Dormant
regenerative MIC

progenitors

Tumor initiating

cancer stem Diverse phenotypic /
cell (CSC) states of MICs

Elasticity Deformability Transdifferentiation

Gerstberger, Jiang and Ganesh, Cell, 2023



Models for studying cancer:
pros and cons

Clinical samples

Tissue culture

GEMMs

Xenograft mouse models
NAMs

— Patient-derived organoids
— Bioengineered systems
— Al models






MSK IRB#14-244: Generating Colorectal Cancer Organoid Cultures
to Study Cancer Dissemination and Metastasis.

o Synchronous colectomy +
@) metastatectomy
Metastasis l
>
O Tissue Procurement )
Lymph node O Service Surgical Pathology
% R
= Fresh frozen specimen R
Normal colon <
o
Primary l MSK-IMPACT
Metastatic CRC l
2 RNA
Matrigel sphere - 3 IHC/IF
Growth factor-defined Organoid culture

organoid media

Patient-derived organoid advantages:

* High efficiency of generation (>80% CRC)

* Genetically tractable

* Transplantable into orthotopic sites in mice
* Retain metastatic tropisms

* Heterogeneity and plasticity

Organoid lumen
Epithelial cells
Matrigel




Organoids
capture patient
specific
phenotypic states
and treatment

responses

MSKCC Rectal Biobank Project

Organoids

Patient

Organoid response = Patient response

Complete response to therapy No response to therapy

Ganesh et al, Nature Medicine, 2019



Can we use organoids to understand how cancers evolve during metastasis?



MSK IRB#14-244: Generating Colorectal Cancer Organoid Cultures
to Study Cancer Dissemination and Metastasis.

o Synchronous colectomy +
@) metastatectomy
Metastasis l
>
O Tissue Procurement )
Lymph node O Service Surgical Pathology
% R
= Fresh frozen specimen R
Normal colon <
o
Primary l MSK-IMPACT
Metastatic CRC l
2 RNA
Matrigel sphere - 3 IHC/IF
Growth factor-defined Organoid culture

organoid media

Patient-derived organoid advantages:

* High efficiency of generation (>80% CRC)

* Genetically tractable

* Transplantable into orthotopic sites in mice
* Retain metastatic tropisms

* Heterogeneity and plasticity

Organoid lumen
Epithelial cells
Matrigel




Andrew
Moorman

Elizabeth
Benitez

Francesco

Cambuli
NATIONAL
CANCER
INSTITUTE

HUMAN TUMOR ATLAS NETWORK

Patient-derived biospecimen platform to dissect transitions to metastatic state

Synchronous resection of metastatic colon cancer
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How do tumors transition to metastasis?

What are the shared metastatic mechanisms across
patient tumors?

176 datasets: 31 patients, 9 untreated, 22 5FU chemotherapy treated, 6 metachronous metastases

Moorman®, Cambuli*, Benitez* et al. bioRxiv 2023



Progressive plasticity from canonical intestinal to non-canonical states during CRC metastasis
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Moorman, Benitez, Cambuli, et al., Nature, 2025
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Tumors progress via a conserved fetal progenitor intermediate state

Fetal progenitor score
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« Cancer cells display conserved, sequential cell-state transitions during progression

Moorman, Senitez Camoull etal. . Non-canonical states are pervasive across patients and correlate with worse outcomes



Primary and met organoids retain distinct differentiation potential ex vivo
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Moorman, Benitez, Cambuli, et al., Nature, 2025



PROX1 inhibits non-canonical transition in primary CRC

OKG146P 1 shCtrl
shPROX1-4

A | ]

| | | | |
000 025 050 0.75 1.00
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XX¥

In primary organoids, PROX1
knockdown releases inhibition and
induces non-canonical states

B shCtrl
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o |
|

] | | | |
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OKG146Li
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In metastasis organoids, PROX1
knockdown has little impact on
transdifferentiated state

PROX1 dependency is weak in mets



Cancer cell plasticity involves specific regulators

development In metastasis, barriers falil

...allowing promiscuous expression
from different lineages

________________________________________________________________________

factors defining regulatory landscape



Plasticity in colorectal metastasis

« Metastatic cells display greater plasticity, allowing them

Absorptive njury to adapt to different tissue environments

Intestine General Repair 4 Endoderm
Intestine L. Development

- Epithelial injury via metastasis or therapy promotes entry
into non-canonical states

Umor “yc
7 sC \

Neuro-
endocrine

« CRC cells display conserved, sequential cell state
transitions during tumor progression

Squamous | -  PROX1 buffers plasticity in primary tumor contexts

These mechanisms are observed across multiple patients



How can we therapeutically target plasticity?
Target regulators of cell state transitions?

Target conserved tumor regenerative states

Canonical to
Non-Canonical
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Challenges: heterogeneity, fetal-state specific targets are largely not at the cell surface



How can we therapeutically target plasticity? A\ ° .

Target regulators of cell state transitions?

Colorectal Cancer
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Targeting tumor regenerative transitional states

L1CAM marks a conserved tumor regenerative intermediate state

L1CAM-ADC

\ ; 3 : .,\ ..
\ f b ) F;‘.(}
\\ i// ?
Canonical .
States
Non-
Canonical
States
Patient metastatic tumor Patient-derived metastasis organoid

single cell RNA sequencing

Could therapeuitic targeting of L1CAM could block metastasis and cancer regrowth after therapy?

Ganesh et al. Nature Cancer, 2020

Chatila et al.. Nature Medicine, 2022

Moorman, Benitez, Cambuli et al., Nature, 2024
Park et al., Molecular Cancer Therapeutics, 2026
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Using patient-derived organoids to find LLCAM inhibitors:
Collaboration with Tri-l Therapeutics Discovery Institute
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Collaboration with Tri-l Therapeutics Discovery Institute



Technology: L1CAM-targeting antibody-drug conjugates (ADC)

ADC

Linker

—— Antibody

Antibody-drug  Tumour-
conjugate associated
antigen

L1CAM

Tumor cell



L1CAM-targeting ADCs abrogate tumor growth in vivo
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Pretreatment

Post-treatment

resection

biopsy

Clinical trial paradigm:
Physician’s choice first line therapy + L1CAM ADC

Locally advanced rectal cancer

organoids -«

5= )
100 pm ©
A o X By -
g ; &
’7 & e"""‘?
- Sn
. 2
|7 '41
3: % .%.J
Patient 1 Patient 2

9

oA

5 weeks

= N
re e 3

4 weeks
+/- doxycycline?

\J%/- irinotecan Jﬂ

f

rerrt

s.c. injection randomization  euthanasia
Tumor volume
™
E 64- p=0.02
3 324 -
2 46 -
(0]
£ T ..
3 s L E
S 4 0 p=0.0002
6 . % % % "ﬁ.-
& 2+ % oo ° o e’
2 . =
g 11
;E:) 05 1 1 1 1 1 1 1 |
A 4 (o) (o) & Q o
& \xbo & );\(\0 ,\0?"@ & );\‘&‘ &\0
S & PSS
PN N \«\x 9 \>O \Q @x
x¥ oY é&/,\ov
r}\\/

Ganesh et al., Nature Cancer, 2020



Acknowledgements

Ganesh Lab
Qingwen Jiang
Manisha Raghavan
Ellie Benitez
Jaeyop Lee

Swara Patel
Kathleen Luckett
Christopher Cowley
Stefanie Gerstberger
Andres Rettig
Bernadette Modl

Georgios Karagkounis

Christine Sukhwa
Michael Giarrizzo
Asha Saxena

Jura Pintar
Jenny Xue

Daniel Kim
Fabian Zincke

Ganesh Lab Alumni
Francesco Cambuli
Aileen Rodriguez
Ahmed Mahmoud
Melissa Lumish
Saskia Hartner
Jonathan Bermeo
Sasha Balkaran
Simran Asawa
Valeria Sgambati
Julia Zehenter
Laura Eibler
Joshua Leinwand
Emilie de Vet

Dana Pe’er lab
Andrew Moorman
Tal Nawy

Dana Pe’er

Joseph Chan Lab
Joseph Chan

Morgan Lallo
Britney Forsyth

Sanchez-Vega lab

Francisco Sanchez-Vega

Fan Wu
Farheen Shah
Anisha Luthra

Quaid Morris lab
Cyrus Lam
Quaid Morris

Proteomics
Mara Monetti
Zhuoning Li

AlL
Roshan Sharma
Ronan Chaligne

ERIL
Richard Koche
PJ Hamard

X @KarunaMDPhD “ @karunamdphd.bsky.social

Gl Pathology
Jinru Shia

Canan Firat
Nil Urganci

Michael Kharas

David Scheinberg

HPB and CRC DMT
Julio Garcia-Aguilar
Michael D’Angelica
Martin Weiser
Rona Yaeger

Our patients and
their families

{ Pershing Square Sohn Prize

: . Experimental Therapeutics Fund

ganeshk@mskcc.org

R37/R01 CA266185 MERIT Award
KO8CA230213
U2CCA233284
U54CA209975
RO1CA288880
PSOCA257881 - 04AW1 STAND UP TO CANCER

; . CANCER O
Trainees: GRAND

K99CA297011 (Lee); KOOCA264439 (Cowley); CHALLENGES
F30CA288018 (Luckett); F30CA298663 (Benitez)

) Ameri
K12CA184746 (Gerstberger); c;‘,‘,i';fa“
HHMI Gilliam/NSF GRFP (Mahmoud) Society®

Institutional T32s

Burroughs Wellcome Career Awards for Medical Scientists
Damon Runyon Clinical Investigator Award -
AACR NextGen Grant for Transformative Cancer Research | gty

SU2C Convergence 3.1416 CONQUER

IV foundation Translational Grant FoUNPATION

Dalton Family Foundation : —

) ) American Association
Therapeutics Discovery Fund for Cancer Rasearch
Josie Robertson Foundation

' * Gerry Metastasis and Tumor @PERSHING SQUARE SOHN

Ecosystems Center v CANCER RESEARCH ALLIANCE
Society of MSK

Anna Fuller Fund

Starr Cancer Consortium

US:Israel Binational Science Foundation
Cycle for Survival

Stuart Early Onset Cancer Fund
Conquer Cancer Foundation of ASCO
Experimental Immuno-oncology Center
Tow Developmental Oncology Fund

HUMAN TUMOR ATLAS NETWORK



	Slide 1
	Slide 2: Disclosures
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7: Metastasis
	Slide 8
	Slide 9: The metastatic cascade
	Slide 10: Metastasis involves co-evolution of the tumor and host
	Slide 11
	Slide 12
	Slide 13
	Slide 14: Patterns of metastatic dissemination
	Slide 15: What determines organ-tropism of metastasis?
	Slide 16: What determines organ-tropism of metastasis?
	Slide 17
	Slide 18: Some molecular mediators of metastasis
	Slide 19
	Slide 20:  Plasticity is the overarching hallmark of metastasis
	Slide 21: Models for studying cancer:  pros and cons
	Slide 22
	Slide 23
	Slide 24
	Slide 25: Can we use organoids to understand how cancers evolve during metastasis?  
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37: Using patient-derived organoids to find L1CAM inhibitors: Collaboration with Tri-I Therapeutics Discovery Institute
	Slide 38
	Slide 39
	Slide 40
	Slide 41

