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LEARNING OBJECTIVES

* Identify the impact of IDH mutation on the
development of the 2021 WHO Classification in
Brain Tumor

* Describe impact of IDH directed therapy in grade 2
IDH mutated gliomas

* Describe standard of care for glioblastoma patients

 Discuss the challenges in treating primary brain
tumors




5'YEAR . i, 5-year Relative Survival %
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FDA APPROVALS IN PRIMARY BRAIN TUMORS
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15T DESCRIPTION OF IMPACT OF IDH1 AND IDH2

MUTATIONS IN GLIOMAS -
EXAMPLE IN PRIOR HISTOLOGIC DIAGNOSIS OF

GLIOBLASTOMA
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Yan H et al. N EnglJ Med. 360(8):765-73, 2009.
Garrett M et al. Exon Publications; Chapter 4. PMID: 34038049.



VORASIDENIB cirte

e Oral inhibitor of mutant IDH1 and IDH2 Isocitrate

- Specifically designed for brain penetrance IDH1/2
NADPH
* Reduced tumor 2-HG by >90% in resected
grade 2/3 non-enhancing diffuse glioma » NADP+
. . mutant
« 2-HG reduction associated with: IDH1/2

* Lower tumor cell proliferation

 Reversal of IDH1/2 mutation-associated
gene expression programs

* Increased DNA 5-hydroxy-methylcytosine Competitive inhibition of
* Increased tumor infiltrating lymphocytes a-KG-dependent enzymes

Mellinghoff IK et al. Nat Med 29:615-22, 2023.



INvestigating vorasiDenlb in GliOma (NCT04164901)

Vorasidenib .
e 40m Endpoints included
Key eligibility criteria 9

N=168

- 212 years of age ( ) Primary Key secondary
. m.IDH1/2* QFGCer 2 « PFS per BIRC < TINI

oligodendroglioma or

astrocytoma per 2016 WHO 11 Secondary

guidelines double-blinded Orally, once %Eg;g!;f:ggg?g + TGR by volume
o =] pr]or surgery for g”omq randomization daily in 28-day permitted unblinding . Safet
+ Measurable non-enhancing el ey and crossover !

disease (21 target lesion Stratified by © rReEL (el

measuring 21 cm x 21 cm), ]p(;gs 5*‘3‘:“5 Exploratory

. an dseiine
confirmed by BIRC tumor size * Pre- and post-crossover TGR

« Nof in need of immediate
chemotherapy or radiotherapy
per investigafor assessment Placebo - Neurocognitive function

(N=163) .

« Pre- and post-freatment TGR

Seizure activity

Mellinghoff IK et al. N Engl J Med. 389(7):589-601, 2023.



VORASIDENIB PROGRESSION-FREE SURVIVAL

A Progression-free Survival
1.0+

0.9+
0.8

0.7

0.6

0.5 Placebo, median 11.1 mo ~ Vorasidenib, median 27.7 mo

0.4+

0.3+

0.2+

Hazard ratio for disease progression
0.14 ordeath, 0.39 (95% Cl, 0.27-0.56)

P<0.001
0.0 | | | |

T — T T T T T T T T T T T T T T T T T T T T T T T
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Months

Probability of Progression-free Survival

No. at Risk
Vorasidenib 168 166166157 154154 133131129 93 91 81 63 63 52 45 45 25 22 20 11 11 11
Placebo 163162161 146145145117116114 73 70 65 38 38 29 21 19 9 8 & 4 4 2

7 7 4 4 4 0
2 2 1 0

Mellinghoff IK et al. N Engl J Med. 389(7):589-601, 2023.



VORASIDENIB TIME TO NEXT INTERVENTION

B Receipt of Next Intervention
1.0
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0.6
Placebo, median 17.8 mo

0.5 m m
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0.3+

Receiving Next Intervention

0.24

Probability of Being Alive and Not
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Placebo 163163162161 159156155146134119 97 88 77 60 54 45 35 30 21 14 11 7 6 5 2
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Mellinghoff IK et al. N Engl J Med. 389(7):589-601, 2023.



VORASIDENIB ADVERSE EVENTS

Table 2. Most Common Adverse Events (Safety Analysis Set).*
Event

Any Grade
Any adverse event 158 (94.6)
Increased alanine aminotransferase 65 (38.9)
Increased aspartate aminotransferase 48 (28.7)
Increased y-glutamyltransferase 26 (15.6)
Coronavirus disease 2019 55 (32.9)
Fatigue 54 (32.3)
Headache 45 (26.9)
Diarrhea 41 (24.6)
Nausea 36 (21.6)
Dizziness 25 (15.0)
Seizure 23 (13.3)
Constipation 21 (12.6)

Vorasidenib (N=167)

Grade =3 Any Grade

number (percent)

38 (22.8) 152 (93.3)
16 (9.6) 24 (14.7)
7 (4.2) 13 (8.0)
5 (3.0) 8 (4.9)

0 47 (28.8)
1 (0.6) 52 (31.9)
0 44 (27.0)
1 (0.6) 27 (16.6)
0 37 (22.7)
0 26 (16.0)
7 (4.2) 19 (11.7)
0 20 (12.3)

Placebo (N=163)

Grade =3

22 (13.5)
0
0
2 (1.2)

Mellinghoff IK et al. N Engl J Med

. 389(7):589-601, 2023.



GLIOBLASTOMA

* Grade 4 malignant glioma

= g{"’ - - Most malignant, invasive,

‘ 4 ’- - &\‘ ) ® ) ®
o ST difficult-to-treat primary brain
: ' tumor

* Frequency: most common in
older adults

* Peak age: 55-65 years

* Recurrence: rapid growth

* May double every 10 days

* Median survival: ~ 14-21 months

Stupp R et al. N Engl J Med. 352(10):987-96, 2005.
Stupp R et al. JAMA. 318(23):2306-2316, 2017.



STANDARD OF CARE

TMZ 200 mg/m?/d x 5 days
repeat every 28 days
TMZ 75 mg/m?/d Cycle 1 Cycle2  x6cycles
x 7 days
for 6 - 7 wks
WL S I T R v s (e
Weeks 1 7 1 15

ﬂmmﬂmmﬂm Focal RT (30 x 2 Gy, 60 Gy)
Tumor volume with 2 - 3 cm margin

100 —
90 + —— Combined
80 —— Radiotherapy
295 p<0-0001
£ 60
3 Median 05 Radiation thera
£ 50 14.6 months vs. 12.1 months . p.y
A 40+ with temozolomide
30 ° °
= vs. radiation only
10
0 T
q 7
Number at risk Time (yeats)
Combined 254 175 76 39 23 14 6
Radiolherapy 278 144 31 11 6 3 0

Overall survival

1.0-
TTFields +
2 05 Temozolomide vs.
) TTFields + temozolomide .
2 o4 temozolomide only
g 0.2

Temozolomide alone
0 ! T . . . . T T T 1

0 6 12 18 24 30 36 42 48 54 60
Overall Survival, mo

466 424 333 256 174 107 65 45 30 19 16
229 191 144 95 60 33 22 13 7 5 2

Stupp R et al. N Engl J Med. 352(10):987-96, 2005.
Stupp R et al. JAMA. 318(23):2306-2316, 2017.



12-mo 24-mo 60-mo | Median

P U B LISH E D [Reardon 20050 Gleevec+Hydroxyurea 33 NA NA NA  IIE
[Vredenburgh2007 = Bevacizumab+Irinotecan 35 NA NA NA 97

I'Reardon’2008 " Cilengitide (500mg) 41 NA NA NA 65

"Reardon2008  Cilengitide (2,000mg) 40 NA NA NA 9.9

TR IALS FQuinn2009 e Gliadel+O(6)benzylguanine 52 47.0% 10.0% NA - 116
[Quinn2009  TMZ+O(6)benzylguanine 34 NA NA NA 45

['Friedman’2009" " Bevacizumab 85 2.4% 0.0% 0.0% 0.0% [e2nw

R E c U R R E NT [ Friedman2009 | Bevacizumab+lrinotecan 82 9.8% 0.0% 0.0% 0.0% [ 87
PKreisl'2009" " Bevacizumab+irinotecan 48 NA NA NA NA 71

‘Park2010 " Resection 34 29.4% 8.8% 2.9% 29% | NA

[Park2010° " Resection 109 23.9% 8.3% 3.7% 0.9% [UNATH

[Kunwar2010 | Cintredekin Besudotox 183 NA NA NA NA 91

GLIOBLASTOMA PKuRWaF 2010/ | Gliadel 03 NA  NA  NA  NA B8
Wick2010 " Enzastaurine 174 4.6% NA NA NA 6.6

FWick'2010 i Lomustine 92 10.9% NA NA NA 71

(2005_201 8) [Pope2012 " Bevacizumab 97 44.3% 16.5% NA NA ~ NA
[Stupp2012° " Tumor Treating Fields 120 20.0% 7.5% 3.3% NA 6.6

[Stupp2012° 1 Active Chemotherapy 117 18.8% 5.1% 0.9% NA 6.0

'Desjardins’ 20127 TMZ+Bevacizumab 32 31.3% NA NA NA 85

[Batchelor2013 = Cediranib 118 15.3% NA NA NA 80

[ Batchelor2013 ' Cediranib+Lomustine 122 16.3% NA NA NA 94

[ Batchelor2013  Lomustine 56 13.8% NA NA NA 9.8

[Taal2014 e Bevacizumab 50 26.0% NA NA NA - 80

'Taal2014 ~ Llomustine 46 30.4% NA NA NA 80

[Taal2014 " Bevacizumab+Lomustine 44 45.5% NA NA NA - 110

[Reardon2017 " Nivolumab+lpilimumab 182 42.0% NA NA NA 9.8

'Reardon2017 """ Bevacizumab 165 42.0% NA NA NA - 100

"Duerinek 2018 Axitinib 50 NA NA NA NA (L6700

['Duerinck2018 " Axitinib+Lomustine 29 NA NA NA NA 63

Omuro2018 " Nivolumab+lpilimumab 20 30.0% 15.0% 0.0% 0.0% [73

['Ghiaseddin'2018" """ Bevacizumab+Vorinost 40 NA NA NA NA - 104

‘Lang2018  DNX-2401 (group A) 25  36.0%  20.0%  20.0% NA | NA

FLang2018 = DNX-2401 (group B) . 12 = 58.0% 8.0% 0.0%  0.0% [UNATT

| Desjardins 2018 PVSRIPO 61  54.0%  21.0%  21.0%  21.0% | 125




NCCN GUIDELINES — NEWLY DIAGNOSED GLIOBLASTOMA

MGMT PROMOTER

PATHOLOGY® STATUS
See GLIO-9 for H3-mutated
glioma recommendations
e
Methylated
or

indeterminate®®

Good PS
(KPS =60)

.

Unmethylated —»

Age=T0y

Glioblastoma®d

Poor PS

L §

(KPS <60)
Age =70 y———— = GLIO-8

ADJUVANT TREATMENT

Consider clinical trial (preferred for eligible patients)
or

alternating electric field therapy (preferred) (category 1)9:M.99:hh
or

Standard RT™ + concurrent TMZ and adjuvant

TMZ (category 1)3:.09

or

Standard RT™ + concurrent and adjuvant lomustine and TMZ
(category 2B)9:fag.ii

Consider clinical trial (preferred for eligible patients)

nr ER T

Standard RT™ + concurrent TMZ! and adjuvant TMZ! +
alternating electric field therapy (preferred) (category 1)2:M-09.hh
nr %

Standard RT™ + concurrent TMZ! and adjuvant

TMZ (category 1)9:09.i

or

Standard RT alone™

Hypofractionated RT™ (preferred) * concurrent or adjuvant
™Z9

or

T™MZ94

or

Palliative/best supportive care

Standard RT™ + concurrent TMZ and adjuvant TMZ + ‘—"m—

FOLLOW-UP?

Brain MRI
2-8 whkis after
RT, then

= [every 2-4 mo
or 3 y, then
every 3-8 mo
indefinitely

Recurrence

™ [{GLID-10)

NCCN Guidelines Version 1.2023



WHY ISIT SO HARD * Diffuse tumor infil.tration.in the I:.>rain
TO TREAT PRIMARY . E:cefellelzitai;g::ns impossible at time
BRAIN TUMORS?

 Blood-brain barrier and efflux pump
proteins

* Highly heterogeneous tumors

 Gliomas are generally regarded as
“cold” tumors

* Tumor/treatment impact on the
neurologic functioning of our patients




CHECKPOINT INHIBITORS NSCLC VS GBM

NSCLC

100 1 Nivolumab Docetaxel
(n = 135) (n=137)
Events, No. (%) 110 (81) 128 (93)
80 4
Median OS, 9.2 6.0
months (95% CI) | (7.3 to 12.6) (6.1t07.3)
- 60
E’:.- ——— Nivolumab
4 1-y OS rate = 42% Docetaxel
40 .
1
1
1
. 2-y OS rate = 23%
I
20 1 1.y OS rate = 24% | i
i ' A15%
l :
1 1
1 M
1 I 1 1 1 1 1 1 1 1 1 1 1
0 3 6 9 12 15 18 21 24 27 30 33 36 3
Time (months)
No. at risk:

Nivolumab 135 113 86 69 57 51 38 34
137 104 69 46 33 22 17 14

29 19 14 7 1 0
m 9 6 4 1 0

GBM

IEI Probability of OS by intervention

Median 05 I
Events, | (95% CI), 05 Rate (95% CI), %
Intervention | No. months 6 Months 12 Months 18 Months
Nivolumab |154 |9.8(8.2-11.8) |72.3(65.2-78.2)|41.8 (34.7-48.8)21.7 (16.1-27.9)

Bevacizumab|147

10.0 (9.0-11.8)

78.2(71.2-83.6)42.0 (34.6-49.3)[21.6 (15.8-28.0)

Probability of 05
=]
wn

—— Nivolumab
Bevacizumab

HR, 1.04 (95% CI, 0.83-1.30)
P=.76

Mo, at risk

Nivolumab 184
Bevacizumab 185

3 6
168 133
169 135

96
99

12 15 18 21 24 27
Months

17 59 39 24 9 0
12 48 37 14 5 0

Horn L et al. J Clin Oncol 35(35):3924-3933, 2017.

Reardon et al. JAMA 6(7): 1003-1010, 2020.



WHY ARE  Gliomas are generally regarded as “cold” tumors
CH ECKPO'NT * Intratumoral immune-activation is suppressed

INHIBITORS FA'”N’Gd.prlying mechanisms are diverse:

* Immuno-inhibitory function of the blood-
brain barrier

 Paucity of specific antigens (neoantigens)

* Immunosuppressive glioma
microenvironment

* Bone marrow sequestration of immune
effectors from the location of the tumor in
the brain




INTRAVENTRICULAR
CARV3-TEAM-E T CELLS
IN RECURRENT GLIOBLASTOMA

Choi BD et al. N Engl J Med 390(14):1290-1298, 2024.




A MRI in Participant 2

INTRAVENTRICULAR
CARV3-TEAM-E T 43700 | A ~
CELLS

IN RECURRENT
GLIOBLASTOMA

B EGFRvIII and EGFR in CSF-Derived evRNA in Participant 2

B EGFRwlII EGFR
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Choi BD et al. N Engl J Med 390(14):1290-1298, 2024.



LERAPOLTUREV
(PREVIOUSLY
PVSRIPO) »

‘ ORIGINAL ARTICLE

The NEW ENGLAND
JOURNAL of MEDICINE

Recurrent Glioblastoma Treated with
Recombinant Poliovirus

Annick Desjardins, M.D., Matthias Gromeier, M.D., James E. Herndon II, Ph.D.,
Nike Beaubier, M.D., Dani P. Bolognesi, Ph.D., Allan H. Friedman, M.D.,
Henry S. Friedman, M.D., Frances McSherry, M.A., Andrea M. Muscat, B.Sc.,
Smita Nair, Ph.D., Katherine B. Peters, M.D., Ph.D., Dina Randazzo, D.O.,
‘ John H. Sampson, M.D., Ph.D., Gordana Vlahovic, M.D., William T. Harrison, M.D.,
Roger E. McLendon, M.D., David Ashley, M.B., B.S., Ph.D.,

‘ and Darell D. Bigner, M.D., Ph.D.

Desjardins*, Gromeier* et al.,, N Engl J Med. 379(2):150-161, 2018.



LERAPD I_TU REV - Targets CD155 (poliovirus receptor)

 Present on all solid tumor cells

WHY AN D H OW - Sabin type 1 polio vaccine, where a critical piece of

genetic information has been replaced

TO MAKE PO I_IO * Lerapolturev cannot harm or kill normal brain cells

* Lerapolturev is CNS-incompetent, but toxic/lethal in

SAFE - cancer cells

* Genetically stable

y*.. PVSRIPO-infected Y Dendritic cells

4 AN A
l@:@ tumor cells {®r¢
PO P s N

Lp(A)

rhinovirus type 2 IRES PVS-RIPO

Immunologically PVSRIPO infection Neutrophils Dendritic cells/CD4/8Tells ~ Anti-tumor T cells
‘cold’ tumor damages tumor invade ‘damaged’ are recruited into destroy the tumor
exposes danger signal tumor an immunologically
‘hot’ tumor

Desjardins*, Gromeier* et al.,, N Engl J Med. 379(2):150-161, 2018.



PVSRIPO MONOTHERAPY PHASE 1 AND 2 STUDY DESIGN

@ PVSRIPO
Intratumoral infusion by convection-enhanced delivery

% 6 weeks

Key eligibility criteria:

a— 2 weeks

* Recurrent biopsy-proven

™ M &
supratentorial WHO grade IV Day0 A A A A A A ?
malignant glioma 1 2 4 8 12 16 »52
* Measurable disease (>1cm to Polio vaccine Evaluations — Woeeks post-PVSRIPO infusion —
<5.5 cm) booster
. Age =18 years 2PVERIPO retreatment allowed at progression if 212 months from initial infusion or if
eligible per protocol. "Short term use of 7.5 mg/kg bevacizumab every 3 weeks as needed
o KPS =70% to manage cerebral edema.
wl UUKE h;\][’“’l \\ISII i{" @  § BAPTIST University Hospitals LK‘\SF @ Dana-Farber
MDAnderson Cleveland Medical Center |[ElSSSseg W Cancer Institute

MASSACHUSETTS
GENERAL HOSPITAL

CaneerCenter

KPS, Karnofsky performance score.

Desjardins et al. Neuro-Oncol. 23(56):vi97, 2021.



TOXICITY * No viral neurological toxicity (eg., encephalitis, poliomyelitis)

AN D * No systemic toxicity
« Side effects in relation to location of tumor in the brain (close

EFFICACY to motor strip, speech centers, etc.)

pre-infusion 4 months 11 months 1.0 GROUP
; : Lerapolturey
Historical Controls
087 ORR: 11.5%
> DOR: median 60.6 months
% 0.6+
a (95% Cl 19.6 - 60.6 months)
m
g 0.4-
14 months é;
0.2 H =+ 4
0.0 4 H\_‘}I}'{'
| I I 1 I I I T I I I 1 I
0 6 12 18 24 30 36 42 48 54 B0 66 72
Time from start of study treatment to death or last follow-up {(months)
PVSRIPO &1 55 29 10 8 [ 5 3 3 3 2 2 ]
Historical controls 104 80 a7 24 14 8 4 a 2 0

Desjardins*, Gromeier* et al., N Engl J Med. 379(2):150-161, 2018.



SURVIVAI 1o ——
RESULTS  zoss. _L‘x\

Median Overall Survival

Phase 1: Phase 2:
12.0 months 11.5 months
(95% Cl: 9.8, 17.2) (95% Cl: 10.4, 13.0)

>
5
©
WERE ., -
© 1y
SIMILAR M
S 0.25 bh
ACROSST -~ ! ac A
0.00 1 w
TWO I
Numl?er at risk, n (%) ° 12 18 24 30 36
STU D I ES 31 (100) 29 (94) 16 (52) 7(23) i £ o

RP2D, recommended phase 2 dose; TCIDs,, 50% tissue-culture infectious dose.

Desjardins et al. Neuro-Oncol. 23(S6):vi97, 2021.



WE CAN Survival after PVSRIPO infusion
SUCCESSFULLY
RETREAT PATIENTS

wu

F

0 10 20 30 40 50 60 70 80 90

W 1st infusion M 2nd infusion 3rd infusion

Desjardins et al. J Clin Oncol. 37(15s):101s, 2019.

70 months
10 months from retreatment

36 mnth 60 mnths



REPEATED POLIOVIRUS IN MELANOMA PATIENTS

Three injections; day 0, day 21 and day 42 Three injections ; day 0, day 21 and day 42

Figure 3 Patient 9 clinical photographs. (A) Pre-PVSRIPO, (B) 9days after first PVSRIPO injection, (C) 63 days after first
PVSRIPO injection, (D) 5 months after first PVSRIPO injection, and (E) 12 months after first PVSRIPO injection.

Beasley GM et al. J Immunother Cancer. 9(28(8):1630-1639, 2021.



RAPID RETREATMENT FEASIBLE -
DR. TODO IN JAPAN

Before 1st 2nd 3rd 4th im 2m 3m 6m

Todo T et al. Nat Medicine. 28(8):1630-1639, 2022.



TANDEM REPEAT
INTRATUMORAL
LERAPOLTUREYV YIELDS
SIGNIFICANTLY
IMPROVED SURVIVAL
IN CT2A MOUSE
GLIOMA

100 - Control
I_ (n=10)

PVSRIPO

(n=10)

| p=0.14

% Survival
L
o

Control (n=9)

PVSRIPO (n=12)
LL|_H_‘|::=I:II.I]IIZIIIIZI2

lllll

0
0 ‘10 20 30 40
PVSRIPO

0, 1;c+ 20 30 40 50
| IPVSRIPO

Days post treatment

Brown MC et al. J Immunothe Cancer. 11(4):e006463, 2023.



PHASE 2 TRIAL OF REPEATED CED AND CPL LERAPOLTUREV INJECTIONS VS
LOMUSTINE IN RECURRENT GBM

v

2 consecutive infusions of lera via CED (Mon & Fri with same CED catheter), followed by cervical perilymphatic injections of lera every 3 weeks

¥v" Lerapolturev is infused via CED in residual disease following maximal safe resection
¥v" 1:1 randomization to lomustine

2 N\

Istari

ONCOLOGY

&

Duke University
School of Medicine

rGBM
Gross total
resection
1:1

Randomization

*randomization at
~2 weeks post surgery

AN J

Arm1

Experimental
N=40

Arm 2

Lomustine
N=40

Lerapolturev
Repeat CED

Monday & Friday .-

2x103TCID50x 2 |

Lerapolturev
Total: 4x108TCID50

Cervical perilymphatic subcutaneous area weekly (x4), then every 3 weeks

Ap—— 3 weeks

90

o O

| 2 Weeks > 1week [=» 1
. T e S S PR IS
AAAA A A A A A A
Wks 1-4 Twks 10wks 13wks 16wks 19wks 52wks

A A
Polio vaccine Mon Fri
booster :
Installation
CED catheter

Screening* P

Al ) Weeks [—

Observation for PFS/0OS

Lomustine 110 mg/m2 x 1 dose oral every six weeks, max 9 cycles
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ADDITIONAL  Headaches/Cerebral edema/Seizures
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* Infusion volume/catheter placement
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 Platelet count 2125 000 prior to CED catheter
IMMUNOTHERAPY insertion

OR OTHER TRIALS « CT post catheter removal

 Pseudo-progression

- Safe to start low dose bevacizumab (7.5 mg/kg IV

every 3 weeks) 14 days after CED catheter
removal

Desjardins*, Gromeier* et al., N Engl J Med. 379(2):150-161, 2018.
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IN CONCLUSION

Clear unmet need for malignant glioma patients

Malignant glioma patients and families normally decide to
proceed with comfort care due to the impact of the tumor
on:

+ Day-to-day functioning/independence

* Cost to family (monetary, time, emotional)
Each tumor progression triggers additional neurologic
deficit
Most trials only allows patients very early in their disease
process

Continued work needed in developing the optimal
therapeutic

Finally, thank you to all our patients and caregivers, the
true trailblazers
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