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CNS tumours trigger transformation from BBB to BTB
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Blood-Brain Barrier (BBB)

Brain colonization by a primary
or metastatic CNS tumour

Blood-Tumour Barrier (BTB)

Ostrom et al., Neuro Oncol. 2019



BBB forms a tightly regulated neurovascular unit to maintain brain function
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Sweeney et al, Physiol Rev. 2019; Steeg, Nat Rev Clin Oncol. 2021



BBB regulation relies on multiple transport systems
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Some solutes diffuse across brain endothelial
cells and are cleared by the perivascular
interstitial fluid flow, which travels in the
reverse direction of the blood flow and drains
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Sweeney et al, Physiol Rev. 2019



BBB endothelial cells express a multitude of uptake and efflux transporters
and prevent leukocytes ingress
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Pericytes and astrocytes interact with endothelial cells and contribute to BBB stability
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Depletion of pericytes or
AQP4 expressed by astrocytes
results in increased BBB
permeability in mice

Winkler et al., Nat Neurosci. 2011; Yao et al., Nat Commun. 2014
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Cancer cell colonization drives transformation of BBB into BTB
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Cancer cell colonization drives transformation of BBB into BTB
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The loss of pericytes
expressing CD13 and the gain
of pericytes expressing
desminl in BTB is associated
with increased paracellular
permeability

Basement membranes are
altered in BTB, with a loss of
laminin a2 and other protein

components

Cancer cells cause astrocytes
endfeet displacement

AQP4 expression is decreased
in BTB




Cancer cell colonization drives transformation of BBB into BTB
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BTB: changes in permeability to anticancer drugs

Overall, the BTB is heterogeneously permeable to many drugs, contributing to poor
therapeutic efficacy



BTB: changes in permeability to anticancer drugs

Tracers and small-molecule drugs
TRD Implanted RG-2 glioma cells QAandIF
experimental metast ases of
HER2' MDA-MB-231BR breast
cances cells
AB Sp derived QA
fromWalker 256 breast cancer cells
AlB Experimental metastasis of PCY QA
NSCLC cedls
TRD Implantation of DIPG cells IF
Padlitaxel d sbicin, Experi | metastasis of Perfusion, QA
TRD and AIB MDA-MB-231 and 4T1 breast and IF
cances cells
Doxorubicin Implantation of GBM8401 MS
dlioblastoma cdls
Vinorelbine and TRD Experimental metastases of Perfusion, QA
MDA-MB-231BR cells and IF
Temozolomide Impl d gli cell MSand
microdialysis
Temozolomide Implanted US7 glioma cells MS
Vineristine and TRD Implanted SHH subtype and Perfusion andIF
B-catenin-mutant WNT subtype
medulloblastoma cells
MK-1775(WEE1 inhibitor) GBM22 gliobl acedls MS
mphmed into brains or flank
GNE-317and GDC0%80  Experimental metastases of Two-photon
{PI3K inhibitors) aswellas  RFP-A2058BR3 mel acells i Py
sodium fluorescein througha
cranial window
GNE-317and GDCO980  Implantation of GL261 MS
glioblastoma cels
Osimer tinib, gefitinib, Experimental metastasis of PCS QA andMS
rociletiniband afatinib cells and H1975 NSCLC cdl
implantation
Lapatiniband TRD Experimental metastasis of Perfusion, QA
MDA-MB-231 cells transfected and MS
with HER2

Expert ST dtherapeutics
In gliomas, the distribution of TRD was relatively homog HA-conjugated paditaxel Exper I metastasis of
witha 2-5-fold increaseind over uninvolved brain; inbrain andunconjugated mﬂe—«ngauveb-mlcamet
is. permeability was heterog 2 padlitaxel
NBdnmbmmmte&edvimbranmaaunmeM ANGloospa:liunl Experimental metastasis of
third lower thanthat of ars™ 2). MDA-MB-231 cells
mgaopeplmdpacbmd
H: 0 P of brai toAlB; Padlitaxel z angiopep 2, Implanted US7 glioblastoma cells
isplatin—etoposide d ‘Alﬂpamed:llly"" angiopep 2 and angiopep
Intact BB expressionof ABCB1. ABCG2 and ABCC1 was bR Rk
inthe BTB relative to the BBB' pep
Heterogeneous drug and tracer levels; only the ~10% of brain amali;;mmm and S&’-'MB-B;BR* -
metastases with the highest paditaxel distribution contained
apoptotic cells™
Antibody-based agents

Ratio of drug levels in the tumo ur versus contralateral brain
tissue was ~2 and was further elevated 24-fold with FUS'™

-rastuzumab and TRD

Experimental metastasis of
MDA-MB-231BR cells transfected

H dnglewh: dian vinorelbi concmudm with HER2
s il in brai lhammhe g
branbutody&%ofdmgl-n-k o
H it o g G, in uninvolved gz, - Implanted from HER2'
bmnand nmouwasz.hndloynl respectively, versus GEM
21.9 pg/mlin plasma™
H distrib in brain 20-30% of that in T band T-DM1  Implanted HER2' BT-474 breast
ph!na:FUS duced fold i inint ldrug cances cells
concentrations™
DenrmdisuhuedtoWNTbmmSHHsbtypelmn—
WNT itive 10 vi Doxorubicin -DML and  Implanted HER2' BT-474 cells
trypanblue
H distribution; MK-1775 levels inbrain tumour
sechmswefelowu than those in flank tumours'™ Trastuzumaband HRP Experimental metastasis rom
syngeneic 4T1cdls
71% of metastases were imp ermeable to sodium Ruoresceanand
grewmor e slowly; the BBB-penetrant PI3K inhibitor (GNE-317)
M&Mdalm:md\ewmmmm
ic anti-HER2 Experimental metastasis of
e LI coly cntal b Qrei ABCand D HER2" JIMT-1 and SUM180breast
cances cells
Braint hadi d distrib of GNE-317 in brain
core and rim, relative tothat of GDCO%80 REF')
Non-malignant br ain tissue to plasma ratio was 3.4,0.2, <01 Angiop: jugate Impl mode of HER2*
and <0.1 for osimer tinib, gefitinib, rociletinib and afatinib, toanu—HERZ antibody tumour
%cﬁwiy:imhelﬂ?ﬂ graft model osimertinib had (ANG4043)
aC, of 1.9 1.0and 0.7 for plasma, brain and tumour tissues N z
g FRRa : s ) -rastuzumab- Experimental metastasis of HER 2+
respectively, and inhibited experimental brainmet astases' alsncarseiarin MDA-MB-731BR cells
H levels of | ib in brain metastases, with a conjugate(BT2111),
L&fddgmadisrhmmthm in uninvo ved brainbutonly trastuzumab and Texas
10-20% of the levels in extracranial metast ases™ red sul fur-rhodamine

Many studies have investigated BTB permeability
to anticancer drugs in in vivo models

Perfusion andIF

QA with
vascular
comection
EUSAofbrain
homogenate

Perfusion, IF and
MS

IF and QA

PET 1-5 days

HA-conjugated paclitaxd infiltrated brainmetastases; OS of
micewas longer with HA-paclitaxed than with free paditaxel;
in vitro dete suggests an endocytic mechanizm of uptake for

HA-paclitaxel™

Greaterpenetrationofl ANG1005 versus angiopep 2 or paclitaxel
into non-malignant brain tissue; ANG1005 distributed to both
brainmet astases and the unimvolvedbrain®

Free paclitaxel angiopep 2 and angiopep 2-TAT were more
sbundant in the brai h than in although
lhele-ve!sofanguopq:lmdang-cpepz TAT wer e higher than
those of free paclitaxd®

'imouv to phma ratio of acuve memboluewaso.os-oso for
but wa for freeiri 5
labelled Ipowmeswetedqclzd in and prevented met astases™

3% of serum trasty ab reached the lig brain,
whereas -5% reached brain metast sses; druguptake inthe most
permeable lesions was eightfold over thatinuninvolved brain;
hetero geneous permeability within andbetween metastases
correlated with TRD distribution but not withtumour size™
ktmqmleddmepe:gramdlmmsu%md92%
and 1 'bvanl.sme.req:ecwdy'

Western
blotting of
tumour tissue

FUS and
intravital

Histology and
single-photon
emission
tomography

IF using
anti-human lgG

IF

QA andIF

T T

Heterogeneous levels of trastuzumab and T-DM 1 permeability
toeach dwgwassmla veseldemny and vasa.lav volume not
sgmf-camly different b and control
groups™

FUS increased doxorubicin uptake into tumour overa 10-minute
time course; uptake was highest in tissue nearest the vasculature;
FUS with microbubbles accd erated FDM 1 entry into tumours “*
<20% of metast ases showed any uptake of HRP; trastuzumab
was also exduded from brain met astases; TNF andlymphotoxin
transiently increased permeability®

ADC permeated a medianof 4-6% of the area of JIMT- 1 lesions,
witha maximum of ~18%, and a median of 7-17% of the area
of SUM190 lesions, witha maximum of >80%:; ADC uptake
msobumdmﬂmnTRDumngmdwsmmndvmh
epithelial endocytosiz in

Increased uptake of ANGA043 inbr ain tumour and unimolved
braincompared with the anti-HER 2 antibody slone ANGA043
conjugate increasedsurvival™

Heterogeneous andoverallhigheruptake of BT2111 in brain
metastases, predominant ly in small lesions, as compared with
trastuzumab. Mean K., at 8hours post-injection ll x10° ’fot
trastuzumab, 10-12 x 10 “for conj
reduced the formation of brainmet astases™




BTB: changes in permeability to anticancer drugs

 BTB is partially and heterogeneously permeable: different levels of drugs
and tracers between different metastases within the same brain and often
between areas within a single lesion

* Brain metastases are always less permeable than other metastases of the
‘ same tumour: drug and tracer distribution through the BTB remains
limited in most cases

* The development of new approaches for drug distribution through the
BTB, exploiting mainly paracellular permeability, is a high priority to
achieve additional clinical progress in the treatment of primary or
secondary brain tumours

Arvanitis et al., Nat Rev Cancer. 2020; Steeg, Nat Rev Clin Oncol. 2021
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Ibrutinib vs BBB crossing chemotherapy in mantle cell ymphoma CNS relapse
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Multicenter retrospective observational study to compare ibrutinib vs BBB crossing
chemotherapy (HD-MTX, HD-Ara-C) in mantle cell ymphoma CNS relapse, a rare
phenomenon with a dismal prognosis

Goldwirt et al., Cancer Chemoter Pharmacol. 2018; Rusconi et al., Blood. 2022



Ibrutinib vs BBB crossing chemotherapy in mantle cell ymphoma CNS relapse
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Ibrutinib therapeutic choice was the strongest independent favorable predictive factor

for both OS and PFS

ORR was higher in the ibrutinib cohort (p=0.031)

Rusconi et al., Blood. 2022



Ibrutinib vs BBB crossing chemotherapy in mantle cell ymphoma CNS relapse
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There was no PFS and OS benefit from the addition of intrathecal chemotherapy, known
to be associated with morbidity and logistic burden, irrespectively of CNS-directed systemic
therapy

Rusconi et al., Blood. 2022



TKIs CNS penetration and activity in Philadelphia-positive leukemia
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Ponatinib, when compared to dasatinib, achieves greater
therapeutic concentrations in the CNS in animal models

Porkka et al., Blood. 2008; Ravi et al., Leuk Lymphoma. 2021



Rituximab immunotherapy in animal models of PCNSL
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Rituximab increased survival in rat
models of PCNSL, irrespective of
adding MTX or BBB disruption

Muldoon et al., Clin Cancer Res. 2011



Lenalidomide +/- rituximab in relapsed PCNSL (phase 1 trial)

Recurrent CNS Lymphoma

V

Treatment 1 Cycle 1:
Lenalidomide Monotherapy

v

Restage
l l Treatment 2 Cycle 1:
SD/CR/PR PD —» Lenalidomide +
¢ IV/IO Rituximab

Treatment 1 Cycle 2:
Lenalidomide Monotherapy

IL10 (1 month / baseline)

— N w S (&) D
1 1 1 1 1 1

o
p 1

- 50

L 40

- 30

- 20

10

PFS LR (months)

PFS

100 - =l— Standard Induction/Consolidation
=dem Salvage HD-MTX or Focal Irradiation

80 - Followed by Lenalidomide Maintenance
601 CR25
40 -
20 - CR1 P=0.008

O T T T I T T

0 10 20 30 40 50

Time [months]

Lenalidomide had a good CSF penetration and

is active as monotherapy (inverse correlation
between IL10 CSF levels and response)

Maintenance lenalidomide is feasible and may
potentiate response duration after salvage in
relapsed PCNSL and delay WBRT.

Rubenstein et al., Blood Adv. 2011




[ APPROACHES TO OVERCOME THE BBTB ] BBTB, blood-brain tumor barrier
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R-CHOP preceded by NGR-hTNF-a in R/R PCNSL

R-CHOP regimen may improve survival and management of PCNSL patients, but BBB penetration of related drugs is poor
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Exploratory phase: 10 patients
received 1 cycle of R-CHOP
alone and 5 cycles of R-CHOP
preceded by engineered tumor
necrosis factor-a

\

NGR-hTNF-oo targets CD13+ tumor vessels and
permeability selectively in tumor/peritumoral areas of PCNSL.

increases vascular

Ferreri et al., Blood. 2019



R-CHOP preceded by NGR-hTNF-a in R/R PCNSL

Enhanced area Perilesional area
120 A 74
1 p=0.39 p=0.01
100 - 6
80 - ]
a £ 4
S 60 4 [
< < 3]
40
0 5
20 - o
0 0
Course First Second Sixth First Second Sixth
NGR-hTNF NO YES YES NO YES YES
Median 23.5 35.3 25 4.7
Range 6.8-98.8 23.9-887.7 0.4-3.9 22-37.7

l

In responders DCE-MRI analysis showed that vascular
permeability was increased after the first NGR-hTNF
infusion

Ferreri et al., Blood. 2019




R-CHOP preceded by NGR-hTNF-a in R/R PCNSL

Grade 1-2,n (%) Grade 3,n (%) Grade 4, n (%) Grade 5

Neutropenia 9(7) 17 (13) 57 (43) —
Thrombocytopenia 34 (26) 25 (19) 26 (20) —_
Anemia 86 (65) 12 (9) 2(2) —
Febrile neutropenia — 5 (4) 1(1) —
Hepatotoxicity 27 (20) 4 (3) 1(1) —
Oral mucositis 1(1) 3(2) — —
Infections — 5 (4) — —
Seizures 3(2 —_ —_ -
Deep vein thrombosis 2(2) — — —
Syncope — 2(2) —_ —_
LVEF reduction 1(1) - - -
Constipation 2 (2 1(1) — —
Nausea and vomiting 4 (3) —_ = —
TNF infusion reaction® 9(7) — — —

!

No unexpected toxicities, no interruptions or dose
reductions due to toxicity
36/132 missed courses due to PD
Only 6 courses delayed

p=0.066
6 | |
€]
5 4
o
4
o
3 -
o
O
2 - —
8 o
0 8
—— o)
14 o 8
8 (o)
]
0
Complete Others
responders l

CgA levels correlated with lower CR rates
Treatment with PPl was associated with
high CgA levels

Ferreri et al., Blood Adv. 2020



Tisagenlecleucel in primary CNS lymphoma (phase 1/2 trial)

Patient ID

001*
002*
005*
007*
008*
011
014*
004
[l Stable disease
015 M Partial response
B Complete response
003 H Progressive disease
012* ® Deceased
¥'7 CSF negative &
009* off steroids
T T T T T T ]
0 3 6 9 12 15 18 21 24

Months from infusion

Max CRS/ICANS

None
Grade 1 CRS

Grade 3 ICANS

Grade 1 CRS
Grade 2 ICANS

None

Grade 1 CRS
Grade 1 ICANS

None

None

Grade 1 CRS

Grade 1 CRS

Grade 1 CRS
Grade 1 ICANS

Grade 2 ICANS

Grade 1 CRS

Grade 2 ICANS

Characteristics Patients (n = 12)

l

7/12 patients (58.3%) demonstrated response,

with CR in 6 patients (50%)

After a median follow-up of 12.2 months, 7
patients alive and 3 patients with no PD

CRS*
Any CRS 712
Grade 1 712
Grade 2 —
Grade 3 —
Grade 4 —

Required tocilizumab —

Median onset of CRS (day 4
postinfusion)

Median duration of CRS (day 2
postinfusion)

ICANS*
Any ICANS 6/12
Grade 1 312
Grade 2 212
Grade 3 112
Grade 4 —

Required corticosteroids
At time of infusion for disease 412

controlt
Additional provided for 6/12
ICANS following infusion

Median onset (day postinfusion)

Median duration (day 3
postinfusion)

Although any
patients
experienced
toxicity, all of them
but 1 experienced
low grade
CRS and/or ICANS
- acceptable
safety profile

Frigault et al., Blood. 2022



Tisagenlecleucel in primary CNS lymphoma (phase 1/2 trial)

Log2 counts

Day +7 CSF WPRE expression level
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CR Others

Patients who achieved a CR as their
best response demonstrated higher

IL-6 MCP-1 IL-18
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levels of CAR transgene RNA in the CSF

Along with CNS trafficking of CAR-T cells, there was a trend
toward increased inflammatory cytokines compared with
preinfusion baseline within the serum and CNS 1 week
after tisagenlecleucel infusion

Frigault et al., Blood. 2022



Conclusions

« The BBB (blood brain barrier) prevents neurotoxic plasma components, blood cells and pathogens from
entering the brain

 The BBB regulates transport of molecules into and out of the CNS, which maintains tightly controlled
chemical composition of the neuronal milieu that is requested for neuronal functioning

* Endothelial cells, pericytes and astrocytes are the main cellular players of the BBB
* Cancer cells disrupt the normal physiology of the BBB and induce a BTB (blood-tumor barrier)
 The BBB penetration by novel pathway inhibitors and mAbs requires detailed studies

* Novel strategies for facilitating drug delivery across the BBB are under investigation
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Ponatinib, chemotherapy, and transplant in adults with Philadelphia-positive ALL (PONALFIL)

1.0 1.0 A —H—i—l
3-year OS: 96% (95% ClI, 89-100)
0.8 3-year EFS: 70% (95% Cl, 51-89) 0.8 A
. . 19
2 o = 06 High efficacy (CMB 7 .A at the end of
3 g consolidation)
@ 0.4 - 2 0.4 High rate of alloHSCT performance
(26/30 patients)
0.2 1 0.2 Promising EFS and OS
0.0 0.0 1
0 1 2 3 4 5 0 1 2 3 4 5
Years after diagnosis Years after diagnosis
1.0 hana |
PONALFIL; 3-year OS, 96% (95% Cl, 89-100)
0.8
PONALFIL showed a significant
E 0.6 PETHEMA ALLPhO8; 3-year OS, 53% (95% Cl, 33-73) . .
s improvement in OS when compared to
2 04 ALLph08 (Chemotherapy and Imatinib in
Young Adults With Acute Lymphoblastic
. Leukemia Ph positive)
0.0 R=00Z
0 2 4 6 8 10 12
Years after diagnosis Ribera et al., Blood Adv. 2022




