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The Human Cancer Model Initiative

Objectives and Achievements in a Nutshell
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Barriers for Drug Development in Oncology

Oncology drug development attrition rate  Causes for lack of efficacy for oncology drugs

Stage 1
Basic research

Stage2
Drug discovery

Stage3
Preclinical research

Stage 4
Clinical research

Stage 5
Approved drug @

Number of compounds

Tumor Heterogeneity Adaptive Resistance
2016 2021
Phase Il Phase Il - 0
Ophthalmology 66 88 K | A /’
Hematology 73.3% 6 92 I ' PY i.j \‘. d
Others 66.7% 9% 63.6% 154 [ @)
Metabolic 61.1% 95 61.8% 136 K.f]’ .A ; S
Infectious disease 69.5% 347 57.8% 403 =
Allergy 67.6% 37 56.4% 55
Respiratory 65.3% 150 55.9% 179
Psvchiamm' & i: ::: ﬁz Limited Predictive Models Accessibility-BBB
All indicati 63.2% 3582 52.0% 4414 W\
Cardiovascular 58.9% 209 50.0% 214 au: \W
Oncology 62.8% 1222 48.8% 1628 ((====3 A% \5
Neurology 59,1% 462 47.7% 516 —_—— @ 9? e
Gastroenterology 75.6% 41 46.7% 45 e 5 0
Endocrine 58.9% 299 319 A 7,‘” i :
Urology | 571% 21 22 ———N L

Bio, February 2021

~50-60% of drugs fail in the clinic due to lack of efficacy_ up to 85% in oncology)
FDA Approval can take up to 13 years and cost up to $2.5b
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Conventional vs. Next-Generation Cancer Models

Conventional Models

(monolayer, 2-dimensional (2D) cultures on plastic)
Cells plated on flat plastic surfaces

+Cells grown in high levels of animal serum

*Poorly recapitulate tumor heterogeneity and plasticity
*Often overpredict drug efficacy

*Often lacking clinical information of parental tumor origin

— Simple, scalable, but low physiological relevance
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Timeline of Glioblastoma Model Development

@ Timeline of glioblastoma research and models @ Conventional serum vs 3D cell culture models

?-

18005 Early Pathological Descriptions —r -

3D Organoids, Microfluidics
& GBM-on-a-Chip
Modern Classification Begins

e stem cell conventional
medium-+ media
growth +serum
factors adherent

First Xenograft & Cell Line Models

—) 1950-705

1970s Radiation Therapy Trials

Whole transcriptome and genetic analyses

—r—r

— 1990s

Meurospheres & Glioma Stem Cells

Parental tumor
A

Phenotype: a

20005 Genetically Engineered Mouse Models & TMZ

% % ’ c
@ Historical & @ In vivo & clinical models @ Mol lar & stemn cellera  f 30 & patient-derivad models Woe smm
HeOCH
Boureas: CHTRUS, PHC, Frantiens is Oneology, Cotting Thiough Histeey (PMC 2024) & &
3 TS —
Features 3D/Spheroids w/oSerum 2D/Adherent w/Serum % &': @ sc -act M
Proliferation et Limited at early passages & ' - : Progeny of TSC
Cells with de novo
Tumorigenicity +H+ Limited at early passages eratons
i GBM-defl
Differentiation potential i+ +* % > + mboﬂslw Seum  NBE  Blood
N 2N
Telomerase activity 4 Limited at early passages s .’ zmmﬁ:"w‘ s’ ol
Infiltrative growth e - % . L
Concordance/transcriptome b * Lee etal, Cancer Cell 2006, PMID:16697959
Concordance/genome 4 + Genotype: A Genotype: A+ X
Phenotype: a Phenotype: b

m NATIONAL CANCER INSTITUTE

cancer.gov/CCDI

#data4childhoodcancer

7



Opportunities and Challenges for

Next-Gen Cancer Model Development

Applications for cancer biology

o

Cancer Modeling, Cancer Biology
Drug Discovery and Tox Studies
Precision Medicine

Applications in Oncology 0 /

Lo et al, Nature Cancer 2020, PMCID:PMC8208643
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The Human Cancer Model Initiative (HCMI)

The HCMI is an international consortium founded by the National Cancer
Institute and dedicated to generating next-generation, patient-derived cancer
models as a community resource to facilitate cancer research

Qucahly Coslrolled
. linical Data
Cli | Data y T
lllll i » Cll)ImcaI Genomic Data g‘a'a e &
s ata lorage
”~ > Center (CDC) Commons (GDC) _RRERN
7 1st
Cancer Model 6 Subset of @
Development
#Ontario Institute for Cancer Research * * Hubrecht Institute Centers (CMDCs) el oo Molecul
Toronto, ON, Canada c-rwoo MA, USA fissrtbter] @ Biospocimy Characterzation
*Broad Institute - ® 2nd = - ata De
*GcnomquCommom CImhvldm MA.USA_J Samples W Prorassingn Y o Senomic
Chicago, IL USA (Normal, Tumor Center (BPC) Characterization
*WollColi Medical College | & Model) 0 s Centers (GCC) @
m NY.USA | : A
Nationwide ChlldmuHowml = )
Colombus, OH, USA wwm Nv " Cold Spring Harbor,NY, USA. | *UHW;MN d&ym HCMI Resources (supported by NCI)
ferona,
*Stanford University | Information Management Services HCMI Sear; chable GDC Data
Distributor
Catal Portal & Tools
MLCA._USA_J \ Rockville, MD, USA l o
“*University of North Carolina v m ted
Model Data Elemen! l
Chapel Hill, NC, USA J ATCC
VA, USA
Source: - Source: - - -

*Managed by the Frederick National Laboratory for Cancer
Research (FNLCR), Leidos Biomedical Research, Inc.
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HCMI Models in the ATCC Catalogue - Adult

- - - -
Human Cancer,Models Initiative s Y 4 ‘ % Searchable Catalog

Model: HCM-BROD-0106-C71 (owaioeo <sackroseancn (@ aomooeromvist (CIEIESD

TOP 10( 90%)

of total

CPredos Mode 1ot Nert>

S,

MODEL DETAILS. PATIENT DETAILS. 'MODEL IMAGES (2)

Nl
—

¢ Colon 55
3.0 Othe (o, neurosphere,ariqud ntrface, Gencer wate
b w e ace e Pancreas 52
Spit Ratio. 2 At Diagnosis (Years) 52 i
oot o i 76 3 . Brain 50
e . : 2 ‘ Esophagus 36
Neosdjoanc heragy o Skin 29
MULTIPLE MODELS FROM THIS PATIENT (0) Tecany surgery
* Omovemecong Total Launched Rectum 21
R ——— e B o] wax Stomach 18
AVAILABLE MOLECULAR CHARACTERIZATIONS (8) B Lors REPOSITORY STATUS Lung 7
. jston
it | v | ol . - — \ Breast 7
wes [ o ) TNM Stage A Date Of Availabisty September 30,2019 . .
—= S . S o sioge Groupng. WA LeensiogRequredror Connective tissue 5
MotogcaiGade WA CommeralUse m1 2 m3
BNAseq o ] x Date Created ‘September 27,2019
oA ttaion x x x
EXTERNAL RESOURCES . . .
Collection includes models derived from rare adult and
S pediatric cancers such as rhabdomyosarcoma,
st pow-12 70 puRGHASE

leiomyosarcoma, Ewing sarcoma, and Wilms tumor.

Bl Glioblastoma, primary
Bl Glioblastoma, recurrent
[ Brain Metastases

Models Tissues
available represented

New
models

~5/mo

Courtesy of Carolina Lucchesi @ ATCC Total=86
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High-Grade Glioma
Treatment and Challenges

Therapeutic Challenges and Opportunities
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Primary High-Grade Gliomas: Distinction, Frequency, and Mortality

o Primary vs. Secondary Brain Malignancies e Primary Malignant Brain Tumor Incidence, Mortality

Ve M People inthe U.S. living with primary, malignant
brain tumor: Est. 338,000+

70-80% are glioma
Glioblastoma most common malignant glioma

Tumor Types with Highest Mortality
(5-year Survival)

Glioblastoma Brain Metastasis
40

Il Glioblastoma

Il Diffuse and Anaplastic Astrocytoma
3 Other Gliomas

[ Other Malignant Brain Tumors

2| &
| .I \ ,@I\ ,

30

Percent survival
N
o

Il Oligodendroglioma, Oligoastrocytic

Il Other Astrocytic 0 o g PN
@00\«_06‘0? & SN &P
S S QR P TP 5 1S
Sources: NCI SEER CSR 1975-2021; SEER Stat Facts; ,@eq":& f:q,ejﬁ/ c,o*‘;\o°°é<e\@i’,p
Incidence Annual Brain Malignacy Diagnosis in U.S. CBTRUS (Ostrom et al., Neuro-Oncology); ACS Cancer Facts AQ,C’\ \'&\&,bo‘} Vi @@""}'zﬁ‘\o )
300000 & Figures. < é\q“o § eoé‘b s

@ 200000 @,\‘* &

§ 100000 &

. High-grade gliomas and in particular glioblastoma

£ 0 ;

2 o0 <5% 5-year survival rate

0
Primary Secondary
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Glioblastoma: Standard-of-Care (SoC)

and Experimental Therapeutics

Approx. new U.S. cases/year

G Standard of-Care Surgery plus Chemoradiotherapy+TTF e Treatment Costs

SAETILS LSS 87 "
" f f "‘fﬁ"’j; ; *‘j‘, pancreatic
,;- '@ glioblastoma
5 s v

CA A Cancer J Clinicians, 2020, DOI: (10.3322/caac.21613) " L
Mehta, M et al, Critical review in Onc, 2017, PMID:28259296

Standard-of-Care is multi-modal
eTargeted and Immunotherapy for glioblastoma in clinical trials

Promising therapies in clinical trials (~2000
clinical trials)

Costs up to $250K/patient

mee momae SERET ISeeees Clinical trials for glioblastoma are expensive
R (tens of millions of §)
Dewdney et al, Signal Transduct Target Ther 2023 Song etal, Immunity 2025, PMIC:40324379

PMCID:PMC10587102
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Survival with SoC and Brain Tumor Drug Approvals

0 Survival rates with SoC

100
g %
3 %0
E 7.
= &0
H
g ®
g w Radiotherapy plus temozolomide
£
i
s
&
0 6 21 4 30 % &
Months
No. at Risk
Radiotherapy 286 240 144 59 23 20
Radiothetapy 287 246 174 109 57 27 4
plus temo-
zolomide

Stupp etal, Lancet 2005, PMID15758009

0 6 2 18 2 Yy %
‘Overall Survival From Randomization, mo

210 195 147 9% 65 4 28
105 86 68 Q2 23 14 8

Mehta et al, Ciitical review in Onc 2017, PMID:28259296
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e Drug Approvals Lung Cancer vs. Brain Tumors
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Challenges for Development of

Malignant Brain Tumor Therapeutics

Tumor Heterogeneity

sugy
HGG contains multiple genetically distinctclones. Targeting y
one subpopulation allows resistant clones to repopulate.

Therapy Resistance, Plasticity, Glioma Stem Cells
A subpopulation of cellsis resistant to radiation and chemotherapy,
showing plastidty, driving tumor re-initiation after treatment.

Several key features of malignant brain tumors contribute to
difficulties in developing new treatments

Diffuse Infiltration

Next-generation models recapitulating these
Tumor cells invade surrounding brain tissue far beyond the . ™ .
visible mass, making complete surgical resection impossible. key featu res Wl” faCIlltate Im pathU| I’eseal’Ch

& pave the way for developing new therapies with high
Near-Universal Recurrence clinical efficacy
Nearly all HGGs recur, often with acquired resistance to TMZ

and altered molecular profiles after treatment.

Malignant brain tumors are very diverse and
Blood-Brain Barrier have many Subtypes
Tight junctions prevent most systemicdrugs from reaching the

tumor, severely limiting chemotherapy options.

Immunosuppressive TME

The tumor microenvironment is deeply immunosuppressive,
blunting CAR-T and checkpoint inhibitor efficacy.
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BRAF V600E-Mutant Glioblastoma as a Paradigm for

Precision Medicine in Brain Tumors

p BRAF V600E-altered glioma occur in pediatric + adult patients but in dlfferent types

* 7 ° = BRAF Aleraion L
High Grade Gh*a o

J( Midbrain/Pons|
3 1 K27M)
Tm (FSKeTH| s <27V s csar, (i) BRARENEE

e

Frequency
%\x
VE600E
Location m e
_ -m‘l
< @ ¢ oSs® SRl s
oo @6 Q° ()°t¥&\ e 00\@\ Q° oo(\b\‘?é\ SN W Q0 0°t§>\<2° =R
Median | 5-10 years| 3-6 years 14 years ||>13 years |[14 years Variable
Age
Survival |<1year <1year 1-2years ||>2years ||4 years Variable
CpG island oA
h " TP53 mut s
Other | Global Global Global- yper- PXA-like mPocTA
Alterations| hypo- hypo- hypo- methylator PIK3CA mut O
methylation| methylation |methylation| | phenotype SETD2 mut =
(CIMP+) NF1 Mut ‘Adapted from Johnson et al., Oncologist, 2017
H3K27me3| H3K27me3 |ATRX mut CDKN2A/B PTEN mut / LOH 10q
Loss Loss IDH1/2 del CDK amp
TPS3mut. || mitation CDKN2A del
TP53mut | ACVRT mut |MGMT
PDGFRA promoter ATRX mut
mut/amp methylation || 7p53 mut
Pollack etal, J Neurosurg Pediatr 2019, PMCID:PMC6823600 Schreck etal, NPJ Precis Oncol 2023, PMCID:PMC9975216
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The BRAF V600E-mutant glioma frequency, types, and

prognosis

o BRAF V600E-altered glioma are chemotherapy-resistant e BRAF VB00E co-mutations affect risk for progression

- < Lonnm
——
mo-\ 100, 1, f— ;: oo
usorp é t
n-.""l_«._L‘-h 7 _I 5 .
_.En = H PTEN - - PR T Tima tyoars) X )y
< 50 2 5 g " . N PO P
= g s, S mh B2 Q0
© @ £ ATRX <5 -
& 51 S Ead Unclassied gm
<+ BRAFWT + BRAFWT g ad 14 > 3 g
P = 0000337 BRAF V600E P=.182 BRAF VB0OE § £ =
T T T T T o u T T T T s  2.23.2F 5
0 5 10 15 20 25 0 5 10 15 20 25 30 g
. § 100 : & Ryall etal. Cancer Cell
Schreck etal, NPJ Precis
Time (vears) Time (vears) o _— 2020, PMCID:PMC7 169997
Lassaletta etal., JCO 2017, PMC ID:PMC5791837 2023, PMCID:PMC9975216 WM:WEE b2 E

e BRAF V600E mutations found in various cancer

Commeon Oneogenic Mutations Across Human Cancers

High-Grad ::CLC m—:nm Class | BRAF alterations
o e i Paradoxical( BRAF*=
s Low-grade Serous Carcinoma activity activation
Col. Canc —— RTK [id
Fark Ped. Low-Grade Glioma ?? 4 ? First g i Dimer inhibitors:
§ o Anaplastic Thyroid Carcinoma B O = | BRAFY** inhibitors —{ BRAP™= l—' .(tovoralen:b.
Malignant Melanoma o (Rasere) (dabraf'emb, plixorafenib)
e Serous Borderline Ovarian Tumor ;ir:::':r:';
P53 Hairy Cell Leukemia (Er=) MEK inhibitors
l aj”“ ‘ I === (trametinib,
™ 0 2040 60 80100 } *mirdametinib,
o ) 20 £ By F ok selumetinib,
Mutation Freauency (%) requency [ C=3:3) ~ cobimetinib,
= t
—— rerv—— ——— | L L33 binmetinid)
p 1 - l
7 ‘ Proliferation and growth
ol Profferation and growth
* in development for glioma

Courtesy of Karisa Schreck
BRAF V600E models in HCMI catalogue
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Research Objectives Based on Low-Response Rates

o MAPK pathway reactivation after BRAF inhibition

-

Syngeneic Mouse Models [ e o 1 3 6 2 48 ui o o
For BRAF V600OE-mutant P | =] 5 : =
High-Grade Glioma: =
2
3
I 0

AdCre

336 g E—————

~
& EGRR [ )
beta-acin s | | _ 100}
s
C57BU6 ;
BRaf S Inkdal Arf " Dabrafenib (Db) - + - + a
Trametinib (Tr) - - + + ESO
pe[==— ] [|&

Grossauer et al. Oncotarget,
2016, PMCID:PMC5342782

0 20 40 60 80 100

beta-actin =]

Days post-injection

Dabrafenib (DB)=BRAF inhibitor
Trametinib (TH=MEK inhibitor

Understand how BRAF V600E mutated high-grade gliomas
respond to clinically relevant, molecular-targeted
inhibition (BRAF V600E and MEK inhibition)

Identified potential mechanisms of therapy escape

Find novel therapeutic opportunities to combine with
BRAF V600E- targeted therapy to overcome resistance

m) NATIONAL CANCER INSTITUTE

e Combined BRAF and MAPK inhibition response rates

Grade 1 Glioblastoma  Age18-39years Age »40years
(ne13) (n=31) (ne22) (n=23)
3B(139-684) 32(167-514) 50(282718)  17(50-388)

100 67(282-878) 89(433-984) 50(58-845)

38(17-N8)  28(18-137) 185(55-414)  17(09-25)

452(63NR)" 137(84256) 452079-NR)  87(37-17)

NRenot resc .S desths among 13 putients. 1 Eight desths among 22 patents

Wen etal, The Lancet Oncology 2022, PMID: 34838156

Subbiah etal, Nat Med 2023, PMCID :PMC10202803

e Model Development for BRAF V600E-mutar”1w‘g“high-gr?de qliorrmas

Cancer
Research Cell Reports
A Medicine

Daysiresection:

I

1 conventlonal cell ...._

RCAS plasmids

e
Lerner etal. Cancer Res 2015, caraus =
PMCID:PMC4698003

BRaf = Inkdal Arf **

Nestin;TVA

1 xenograft model nacre | I
1 orthotopic mouse T~ WQO‘W}/ v
S VOGS

cancer.gov/CCDI

Pat |ent samples

~q-l

3 patient-derived spheroid lines
+ matched patient-derived xenografts

% 2 syngeneic mouse models-
s fully immunocompetent

- Xing, Panovska et al, Cell Reports Med
ce7eue 2025, PMCID:PMC12208339

#data4childhoodcancer

18



Unraveling Molecular Therapy
Resistance in Novel BRAF V600E
HGG Models

Identifying novel therapeutic combinations to
overcome resistance
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Targetable Therapy Escape Mechanisms in BRAF V600E-

mutant Glioblastoma

. - s I . i
ﬂ Intratumoral heterogeneity of BRAF V600E-mut glioblastoma BRAF inhibitor treatment does not eliminate CD133+ stem
) like cells
% . DBTRG-05MG Clven
* = 100d =— = EPLX4720 2
© Al NG2 CD133 % 80 n.s. g
: e - £
g‘z - =co|xmez. E 20 I I %
® i NG2 cD133

o

.i. e Combination therapy eliminates CD133+ cells = cancer

stem cells and increases survival in xenografts

0 BRAF V600E-mutant glioblastoma cell line (serum) is homogeneous TR
v B
RTK z
+ Low plasticity and AN £
@ Il CD133* i (»)PLK1)  (RAS *
3 B o heterogeneity (few 9 [
2 B 4+ CD133+ and NG2+ Raf o
08 -~ PLK1 — BRAF
Ce| |S l inhibitor M:K(,’:‘ inhibitor :
% * ’_liEror = i
éﬂ%ﬁf‘i@i’é&%@ wp é 5
N t Surv‘iva[ : 'Z
Lerneretal. Cancer Res 2015, Proliferation

PMCID:PMC4698003 ¢
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Next-gen BRAF V600E-mutant Glioblastoma Models are

Sensitive to PLK1 inhibition

a High-grade glioma exhibit plasticity, e BRAF V600E-mutant 3D/spheroid glioblastoma models
intra-tumoral heterogeneity, differentiation sensitive to PLK1i

o

Mesenchymal stem
ik

cell- like
=
i 8
- *
tl -
Resistance: i
Chemotherapy —p Asymmetric o \
Radiation ,heraz); miosi Morphology of an epithelioid gli tumor 3D spheroid cell line HCM-STAN-
Molecular-targeted therapy ""'"3;:’53*"'" i/ i ;g:‘sli-‘;ﬂt Morphology. left. 2 h after thawing; center. at low density; right. at high
Progenitor-like
Tumor cells
ti
f\ - Astrocyte-like g PLK1i Concentration (nM) o
Differentiation e Z o = s 2 3
o < =
] 5
R ocre = g s g
Trt‘;:-::rxl st ke = E—: 2 I:
= s - g
= e D
= =
2 =

+ o4
g8
3 g
58
g 8

,k.%S/ LEES LEEL EEE
@ -
v . [ +PLKI
4 1 Cell line Type IC50 BRAFI (M) | IC50 PLK1I (M) | 150 Combo

\h Patient-derived cell line 2- BRAF VG0OE Human adult glicblastoma
RecOTance!) 7113 1728 4383
| Resistance 4 3 HCM-STAN-1297-C71_A- BRAF V600E Hurman pediatric
! glioblastoma 173 ~2469 355

) 2341-luc-BRAF VE0OE Murine high-grade glioma 063 NR 044
® % oe g
ol [} . .
Glioma  BRAFi-sensitive BRAFi-resistant BRAF inhibitor Petritsch Lab, Unpublished D ata, Do not post
Cell ik low PLK1 high
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PLK1 inhibition

TABLE 1 | Glinical triels based on PLK1 inhibitors.

cancers

PLK1 inhibitors FDA-approved for non-brain

NCT number Phase Disease
NCT02211859 I Advanced soid tumors
NCT02211872 I Advanced sold tumors
NCT00412880 [ Smallcal lung cancer
NCTO1662505 | Aaite mysod leukaemia
NCTO0804856 1t Acute mydoid leukaemia
NCTO1023958 ] Urothelal cancer
NCTO0824408 n NSCLC
NCTO1014429 [ Advanced sold tumo
NCT00536835 [ Advanced sold tumors
NCTO1178399 | Advanced soid tumors
NCTO1538537 I Advanced sold tumors
NCTO0854646 " Myelodysplastc syndrome
Acute myslod leukemia
NCTO1168011 I Advanced sold tumors

PLK1i

BI2536
Bi2536
BI2536
BI6727 (Volserth)
BI6727 (Volasertd)
Bi6727 (Volasertb)
Bi6727 (Volaserth)

NMS-1286937 Onvansertit)

GSK461364
TAKS60
ONO1910
(Rigoserti)
ONO1910
(Rigosart)
ONO1910
(Rigosert)

@ PLK1 inhibitor Volasertib is stable in the brain

C 1000000

100000 1

g

Concentration [nM]

0 % 48 2 9% 120

m NATIONAL CANCER INSTITUTE

144

168
Time [h)

—8— tumor

= - kidney

- liver
——lung
—x= musde
—a— brain

—+— plasma

Rudolph et al, Clin Can Res
2009,
PMC19383823

cancer.gov/CCDI

in the clinical arena

Plk1 inhibitors are in clinical trials against several
cancertypes

Volasertib: FDA rare disease breakthrough and orphan
drug designation
-stable in brain
-high systemic toxicity

New inhibitors in early stages of development for brain
tumors (e.g., onvasertib) showing promising results
in pediatric patients

Combination with BRAF/MEK inhibitors to be
determined

#data4childhoodcancer
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Analyses of Pre- and Post-treatment BRAF V600E-mutant

Glioblastoma Samples

a 2 « Radiotherapy

, = Chemotherapy Pre-trealt)men( Posl-t;eav.ment Pre-treatment [ Pre-treatment
* BRAFi + MEKi treatment ) Months | Chemotherapy, Radiation | | Dabrafenib/Trametinib | g : I Postireatment
post-diagnosis: l ¥
t 2 100 *x
- 2 o
a 360 3
o -
5 60
8 @
Histopathology £ w
Immunchistochemistry o

+ Immunofluorescence
« Bulk RNA-sequencing
« Patient-derived glioma cell lines Days/resection: 3 1 60 114

[ Before BRAFi+MEKi I Olig2'PDGFRA"

) After BRAFi+MEKi
ro-raatrmont Post-rosimant modulation of chemical synaptic transmission 2 [ After BRAFi+MEKi 1 0lig2 only
ASCL1 axonogenesis
(=] HESS vascular transport 8x107 . 100
o EGFR gliogenesis > -—
o 2 DLl cell-cell adhesion via pl adhesion 2 'E v
PROM1 glial cell differentiation 2 4x10" 1 ‘S 7 T
NES regulation of neurotransmitter levels £ n 3
GFAP pattern specification process 8 N
3 o
éﬁ:" glial cell development: § 8x108d == 2
POGFRA oligodendrocyte differentiation g o - 9 25
P 0 5 10 15 2 a0t 2
ASPA -log10(P value) 0 0
e g & 0 ¢
PLP1 & W 00\0 &
-«
f—
BRAF/MEK inhibition in patients upregulated not only stem-cell markers but also glial ome stemik

differentiation, indicative of therapy-induced increases in cell plasticity and differentiation o g |

Astrocyte-like state
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BRAF/MEK Inhibition Direct Effects on Cell States and

Differentiation in Patient-Derived 3D Tumor Models

Chamber slides assay

- & |CTRL||CTRL||CTRL|| CTRL

L w/o ; Cell fixation
Cell Drug GF = D+T || D+T || D+T || D+T Staining
plating treatment ICC  Confocal <@ 13 days .MBP Confocal imaging

L - + +— imaging . Olig2 —> Quantification
ay 0 e [omm CTRL”CTRLJ cTRe | -Nestin
DIFF | 2 . oMl cne
- £ om0 o [oor BRAF/MEK inhibition upregulated not only

Mouse cell lines: BRAF-M34, RCAS-BRAF stem-cell markers but also glial differentiation,

e in cell culture-based assays, indicative of

direct effects on tumor cell plasticity and
differentiation

Xing, Panovska etal, Cell Reports Med 2025, PMCID :PMC12208339
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Immune-modulatory Effects of BRAF/MEK inhibitors?

— DAPI/PD-L1 DAPI/PD-L1| DAPI/PD-L1
) — | o s - iy
- tateron e sgnsivs | [ R— o
Intertercn gamma signaling | n
Cell Drug s s Tansison S|
plating  treatment IcC  Confocal comsnraat o [l 1A grocsssieq e [a]
I } +— imaging - — 5 it pocessng
g ormaon " sing
day0 3 13 JR—— Newovanamiter rocopnors ah -
RNA seq ather ond sostsynsohc sgnel Lﬁ
Tansmission criss Chéaicel A
Dabrafenib (DB)=BRAF inhibitor Syepooy 7'y =
Trametinib (T)=MEK inhibitor Newronal Sysiem $ad
Formaton of e cotag ___L &
Xing, Panovska etal, Cell Reports Med “—A %
2025, PMCID:PMC12208339 o w Neureimsnmr\eumhgms-—L
-5 o 5

PDCL#2

Fluorescence intensity
(DAPI normalized)

Bl PD-L1 positive
B PD-L1 negative

Control-reated
BRAF/MEKi-induced

§ + — é M1 M2 HCM-STAN- PDCL#2
w a 100 3 1297-C71_A
<@ 2 a0 BRAF+MEK inhibitors induced
“1 g glioma cell differentiation along with

SE & . .

S | petitsch Lab, Unpublished upregulated antigen presentation &

B Do not pos o
¢ e up-expression of
immune checkpoint inhibitors
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Immune Checkpoint Inhibition Enhancing BRAF/MEK

inhibition Anti-Tumor Effects?

BRAF/MEK inhibitor treatment inactivates
T cells mediating immune

BRAFi: Dabrafenib

’;’IEKi:Tram etinib es Ca pe

ICI:PD-L1 & CTLA-4 antibodies

V-V

BRAF-M34 —~ Control RCASBRAF  _ control B [l B o :
™ e e ' T BRAF/MEK inhibition Synergizes with
- s R £ ™ - Immune Checkpoint Inhibition to
3 2 prozs = T Reactivate T cells and
= p*=0.048 3 =0 |
£ 2 s b-0.0049 £ 20- p*=0.019 Overcome Therapy Resistance.

’ 0 1I0 A 2I0 3IO 4I0 5l0 ’ 0 2I0 4IG BIO 8IO 160
Days post implantation Days post implantation

Xing, Panovska etal, Cell Reports Med
2025, PMCID:PMC12208339
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Response>>Escape

~
s
-

——— ‘."‘:: =
————— -

1. Interfercn gamma >

response

signature-cytotoxdty '3

2. MHC dass LI antigen

3. PD1 signaling>T cel

inhibition

4. Gal3 mediated escape

- Glial cells
po ".J a,

Summary

1. nterferon gamma response I
sgnature-cytotaxicity

2. MHC class I/ antigen

3. PO sgnalingsT cell inhiition

4. Gal3 medated escape l

Aenyw]

MAIN FINDINGS
BRAF/MEK inhibition induces glioma cell state
transitions that triggers increases in stem cells, and
immune evasion

BRAFi+MEKi activates the interferon response and
anti-tumor immunity, while simultaneously
suppressing T cellsvia PD-L1 upregulation in glial
cells

Glial differentiation and immune evasion could be
mediated by therapy-induced secretion of immune
modulatory factors

High PD-L1 expressionin BRAF-mutant GBM
provides a criterion for anti-PD-1 therapy
Concurrent BRAF/MEK and checkpoint inhibition
enhances anti-tumorimmunity and survival

CLINICAL IMPLICATION

Our preclinical findings highlight the potential of
integrating BRAFi+MEKi treatment with PLK1 inhibition
and with ICI, with emphasis on concurrent treatment

cancer.gov/CCDI #data4childhoodcancer 27
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Clinical implications of BRAF/MEK inhibitor resistance

studies

Drug development phase
Outrule ribfTramsting Dardaepron
FDA-approved Carmantine r iy 3
Focused Ultrasound (NCT01698437) mTOR inhibition (everolimus, Fmm—r— [ B TR Lebsie - s [
Phase Il tri NCT04485559, PNOC021) v
Nanoparticle Delivery 44 1 I 1 ¥
i PI3K-beta inhibitor GSK2636771
Preclinical RTK pathway inhibition PLK1 inhibition (NCT04439149) 1980 000 2000 0
EGFR inhibitor (812536)
: SHP2 inhibit . T
Reported Drug Resistance PANRAS '|'
Class | BRAF inhibitor inhibition 0 TTF
(vemurafenib, dabrafenib) (Daraxorasib) Heterogeneity- Oncogenic o e ] o i
‘ ) Blood-Brain-Barrier bypass P BLFTUNE DANSA cwsralenia ‘Wormidenit
(MEIK inhibit:)r R Cell Plasticity = POKARS patiay
selumetini EREDRIDOR activation
Ulixertinib
A T04566639 STAT3 inhibition (LLL12)
BRAF+MEK inhibitor Pan-RAF inhibition MAPK pathway
o lifirafenib reactivation * Inflammatory signals
NCT0390514 MAPK pathway mutations. (S\'ATZ,%;,EV‘LB 23
o BGB-3245 " BAF Dimenzaton/CRAF Qs ; p——
(NCT04249843) | [, expression (PDL1) mmune checkpoin
o PEGTIuIT EIK Pattey Tomerimmune | | biton Challenges
(NCT05355701) |} Ll : © anti-PD-1, .. . .
RAF/MEK glue RN microenvironment | | NCTo6712875) Toxicity (75 % of long-term survivors have chronic health
1K-595 . A 4 « Immune checkpoint anti-PD-1/PD-L1+ o
o E’ﬁ:&:?:gw?:dz; "_‘a‘j/men??c? 3 Intrinsic Resistance ;‘"ﬂ"ts:}ﬂfm‘;‘;‘“‘ anti-CTLA4) con d| tIO n S)
(ERAF Protein Degrader. - BRAF ampliicatc
CFT1946
(NCT05668585)
RAF-MEK clamp S = . Th ially d . £ di . .
0-occurring
e Autophagy | Alterations ese are especially devastating for pediatric patients
« PIIKMTOR

« hTERT
- P53

« ATRX
* H33K27M,
* I0H

HSP90 inhibition

Include neurosensory impairments, cognitive and visual
- deficits, memory and attention deficits, slower
CDK4/6 inhibition

= Palbociclib (NCT04720768)

Abemaciclib (NCT06413706)

processing speed.
= Ribociclib (NCT02345824)

inhibitors ((
NCT04201457)

NCT04485559, PNOC021

PI3K-beta inhibitor GSK2636771
NCT04439149)
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The HCMI Pediatric Cancer Models

Introducing the developing collection of models
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The Human Cancer Model Initiative (HCMI)

The HCMl is an international consortium founded by the National Cancer Institute
and dedicated to generating next-generation, patient-derived cancer models as
a community resource to facilitate cancer research

Quality Conirolied
Clinical

Clinical Data

Clinical Genomic Data

g Commons (GDC)

s
=0
g -

e
& 1

Data
Storage &
Analysis

Data
Center (CDC)

¥ Cancer Model Subset of

Development Clinical Data

*Ontario Institute for Cancer Research *me * Hubrecht Institute Centers (CMDCs) —
__Towomo,ON,Canada | Cambridge, MA, Utrecht, Netherlands l @ Biospecimen Bl horacierizatio
Genom = \:\ 2nd - Biospecimen

" m‘:.'::"u@\ 4 o Tomor =" c";:::s(ss".?c)

Pl > “*Weill Cornell Medical College & Model) Cente rs (GCC) @
. N"ym.m T B . ad 4 « B Nl
Nationwide Children's Hospital

Columbus, OH, USA — '~< University of Verona |
- WW NY USA V“:Y“'M HCMI Resources (supported by NCI)

#Stanford University Management Services HCMI Searchable GDC Data
USA Roem- MD, USA , Catilog Portal & Tools
|
|

Model Data Elements. Molecular Data

FUniversity of North Carolina

ATCC
Shopst i V6, U9, J VA, USA

(Source: i - (Source:
i - - ) model-development)
(* Managed by the Frederick National Laboratory for Cancer
Research (FNLCR), Leidos Biomedical Research, Inc.)
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HCMI Has Focused on Adult Cancer

= Current HCMI models are mainly from adult tumors

A Ageg ngae {'ears
| EaE
\\ W TOP 10( %0%) oo i
Colon 55 4
Pancreas 52
763 . 332 Brain 50 - e
Esophagus 36 4 (100107 (0se-105) O
Skin 29 a “‘079' (os as» (05: 2 0.58)
fotal L“”"ChEd Rectum 21 : S e e
Stomach 18 > & & \@ e % o S
Lung 7 c;gﬁgo o 3’;& S fﬁﬁz & @":‘§§§a ig‘%&
Breast 7
Connective tissue 5 C Ages 1:—ggYears

30

(25.99-26.39)
Collection includes models derived from rare adult and
pediatric cancers such as rhabdomyosarcoma, -
leiomyosarcoma, Ewing sarcoma, and Wilms tumor.
(1 96 2 16) 11.02

e K 03? 1.07) (9 —93‘} 63

10, (62 -6 1) 535 43
(5.29-5.41) @ 3 4
°
A ; »oe

12 models are from pediatric patients -
egfw@a wﬁﬁf wds,e,o W

Average Annual Age-Adjusmd Incidence per 100,000 (2017-2021)

Neuro Oncol, Volume 26, Issue Su pplement_G, October2024,

Pagesvi1-vi85, https://doi.org/10.1093/neuonc/noae145.
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Rationale for Developing Next-Generation Pediatric Solid

Tumor Models

Childhood Cancer Incidence, Characteristics >100 subtypes of pediatric solid tumors

Age 0-19, 2017-2021

incidences than in

dults A Summary of the Inaugural WHO Classification
adu ) of Pediatric Tumors: Transitioning from the
Optical into the Molecular Era 2

* Different treatment
strategies (minimize
long-term sequelae)

e Different pathogenetic

. INTRODUCTION
@ Leukemia: 25% mechanisms e a———
@ Lymphoma: 16% - .
@ Brain and Central Nervous System: 16% (deVelO p me ntall MAPK
@ Epithelial Neoplasms and Melanomas: 13%
@ Rhabdomyosarcoma (Soft Tissue Tumors): 7% pathway Vs. RTK’ onco
@ Germ Cell Tumors: 6% fus|ons' ep|genet|c
@ Neuroblastoma and Other Peripheral Nerve Cell Tumor: 5% .
@ Bone Tumors: 5% regulat|0n)

Kidney Tumors (including Wilms Tumor): 4%
Liver Tumors (including Hepatoblastoma): 2%
@ Retinoblastoma: 2%
@ Other: 1%

Y Ve T — FEBRLIRY 2022 CANCERDISCOVERY | 331

Pfister, SM et al; Cancer Discov.
2022; PMCID:PM(C9401511
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Adult versus Pediatric Brain Tumors Incidence & Subtypes

0 Distribution of age at diagnosis by selected primary brain tumors e Overview of the relative incidence of brain tumors with age

Price et al; Neuro-oncology 2024; https://doin.org/10.1093/ne uonc/noael4d5

90 :‘
80 1 ( | [
| 5 1
70 l, ) 8 '
| | et H !
H ! ] > g !
T SR m | g | :
g | Ouder Adults (404) i H
% ® -8t t-H-t-t-v-tn-unt- '
= [
AYA (15-39) s . ,J/
3 B
2 9 5 5= o5 B o £ 2 B 4
3 (Chigren (0-14) 3 |
o u

x@;*g;fjﬁ g, ng 7 f;ffw s B e

‘Age at Diagnasis (yours)

‘b d" Lim-Fat et al; Neuro-oncology 2025, PMCID:PMC11726256
¢
e Incidence of dlfferent subtypes of glioma, medulloblastoma, and ependymma
i Glioma o ) ) Medulloblastoma Ependymoma
Low-grade glioma are the most common Pediatric high-grade glioma are rare butdevastating
and carry unique genetic alterations m ‘:::: ” G':;’ i
Subtype wm- stHa |:m S5 Goup xmuwww«mJﬁu

WM i dhé dibe
=0 @& © @

03 >17 347 | 010 347 | 347 | 347
33% | 9% | 9% 4% | 20% | 40% 40% | 40% | 40%
70%

90% | 90% 65% | S5% | 40% 65% | 75% | 80%
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Pediatric Cancer Model Development - Workflow

Established Bioprocessing Workflow in our laboratory
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Established Mutation Identification

Steps of Targeted Sequencing

DNA Extraction

U

Target Enrichment and
Sequencing

Data Analysis

Stanford Actionable Mutation Panel~250 genes, UCSF 500
Caris (WES)

An established biobanking workflow with
standardized targeted sequencing of patient
Tumors to identify recurrent mutations,
including oncofusions
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Representative Cohort of Pediatric Brain Cancer Types

Total = 73
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e ~90% of cases yield tissue for research
45 subtypes of brain cancer and 12 subtypes
captured over a 4-year period

Longitudinal collectionis crucial to capture

of non-CNS cancers

diverse, rare cancers
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Pediatric Cancer Types for HCMI

=Pediatric central nervous system (CNS) solid tumors
*Diffuse Midline Glioma (DMG), H3-K27-mutant
*Diffuse High-Grade Glioma (HGG), MAPK activated,
H3 and IDH wildtype & IDH-mutant
*Recurrent Lower Grade Glioma
*Medulloblastoma
*Ependymoma

*Non-CNS pediatric solid tumors
*Malignant Rare Soft Tissue and Bone sarcoma
*Wilms’ Tumor
*Neuroblastoma

Clinical Data

~  Cancer Model
Development

@ Centers (CMDCs)

Sam,

(Normal,

% 2nd
ples

& Model)

HCMI Resources

(supported by NCI)

-

Tumor

Quality Controlled

Clinical Data
Clinical . : Data
Data : Pt S Nl Storage &
Center (CDC) Analysis
o (=)
Clinical Data

Molecular
. Characterization
Biospecimen
7 Data Daia
Biospecimen
Processing

o Center (BPC)

- Genomic
Characterization

Centers (GCC) @

Nucleic
Acids

Distributor

Validated I

Models

HCMI Searchable

Catalog @

Model Data Elements

KEY

® Processing Entity
Input/Output

@ Publicly Available Resource
Internal Quality Control

GDC Data
Portal & Tools
Clinical & @

Molecular Data

*Hepatoblastoma

=Qther rare cancer types and subtypes as feasible.

(Source: https://

n

model-development)

60-70% success rate for model development

27 subtypes of brain cancer and 4 of non-CNS cancer were captured in models

Challenges: small tumor size

m) NATIONAL CANCER INSTITUTE
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Planning and management oversight by the team at Frederick
National Laboratory for Cancer Research, Leidos Biomedical
Research, Inc.

This project has been funded in part with federal funds
from the Childhood Cancer Data Initiative (CCDI), National
Cancer Institute, National Institutes of Health, Task Order
numbers 75N91020F 00035, under contract no.
75N91019D00024.
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Q&A
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Join Us at Our Next Webinar

CCDI Pediatric, Adolescent, and Young Adult Rare Cancer Study

Monday, April 27, 2026
12:00-1:00 p.m. ET

Come learn about the newly launched study from Mary Frances
Wedekind, D.O., Associate Research Physician at NCI!

Learn more and register at events.cancer.gov/ccdi/webinar
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How You Can Engage with CCDI

Learn about CCDI and subscribe to our monthly newsletter:
cancer.gov/CCDI

Access CCDI data and resources:
ccdi.cancer.gov

Questions? Email us at:
NCIChildhoodCancerDatalnitiative@mail.nih.gov
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Thank you for attending!
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