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Incidence of Brain Metastases

Primary site Incidence Rates
Lung (overall) 16.3-19.9%
SCLC* 29.7% (at S years)
NSCLC* 12.69 (at S years)
Breast 10-15%
HER2 positive 25-50%
Triple negative 20%
Melanoma 6.9-7.4%
Renal 6.5-9.8%
Colorectal 3.0%

*can be up to 50-60% depending on study and disease duration

Glitza Oliva et al. Ann Oncol 2018;29: 1509-1520
Barnholtz-Sloan et al. J. Clin Oncol. 2004;22(14):2865-72
Schouten et al. Cancer. 2002;94(10):2698-705
Chamberalin et al. Neuro-Oncology. 2017;19(1):i1-i24



Challenges

Blood-brain barrier
Genetic Heterogeneity
Tumor Microenvironment

Exclusion from Clinical Trials



Kim et al., Pharm Res 2018;35:177
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Cancer Therapy: Preclinical

oS¢ cormmentary p. 5805

Heterogeneous Blood-Tumor Barrier Permeability Determines

Drug Efficacy in Experimental Brain Metastases of Breast Cancer
Pad R. Lockman', Ryendar K. Mtapall’, Kunal S Tasiar' . Vinay Rudraraju’, Brumdde Gnl®, Kac A. Bomn'
Chris E. Adkins’, Amanda Roberts’, Helen R. Thorsheim', Julie A. Gaasch”, Suyun Huarg®, Dane Palmieri”,

Patricia S. Steeg®, and Quentn R. Smith'

2010;16:5664-78
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Lapatinib

Heterogeneity of BBB disruption and lapatinib concentration in mouse model of breast cancer

Met1-213nglg -
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Texas Red 3kd dextran 14C-Lapatinib

Taskar et al. Pharm Res. 2012;29(3):770-81
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Neuro-Oncology

Neuro-Oncology 17(2), 289 - 295, 2015

Capecitabine and lapatinib uptake in surgically resected brain
metastases from metastatic breast cancer patients: a prospective
study

Aki Morikawa, David M. Peereboom, Helen R. Thorsheim, Ramakrishno Samala, Rojiv Balyan, Conleth G. Murphy,

Paul R. Lockman, Ahkeem Simmons, Robert J. Weil, Viviane Tobor, Patricia S. Steeg, Quentin R. Smith, and Andrew
D. Seidman

Table 3. Lapatinib concentrations at time of BCBM resection and
BCBM-to-serum ratio”

Patient  No. BCBM Avg Serum 4 BCBM/
Preop Concentration Concentration,” Serum
Doses  (range), pM? pM 4

L1 5 63.6 (43.9-77.2) 6.5 9.8

L2 3 14.6 (11.7-22.2) 2.4 6.0

L3 3 18.6 (11.3-31.0) 3.5 5.3

L4 2 1.0 (0.7-1.5) 5.3 0.19

“BCBM average concentrations were calculated from multiple samples
of a single collected lesion.
®Serum 4 is taken at the time the BCBM is identified.



Genetic Heterogeneity in Brain Metastases

Branched evolution of brain metastases

Common ancestor cell
of primary tumor and
brain metastases

Common mutations of

pnmary tumor and bran

metastases

Primary tumor

Mutasions detected only
in the brain metastases

Common ancestor cell
of brain metastases

Brain metastasis -
location 2

Bergoff and Brastianos Seminar Neurol 2018;35:95-103
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Brain-Specific Microenvironment

PTEN loss induced by astrocyte-derived exosomal microRNA primes brain metastasis outgrowth via functional cross-talk
between disseminated tumour cells and brain metastatic microenvironment

a b d IBA 1+ myeloid cell =
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?: : v Q
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Zhang et al. Nature 2015; 527(7576): 100-104



Modernizing Clinical Trial Eligibility Criteria:
Recommendations of the American Society of Clinical
Oncology-Friends of Cancer Research Brain Metastases
Working Group

Nancy Ul Lin, Tariana Prowell, Antoinerte R Tar, Marisa Kozak, OVivwer Roser, Laleh Amiri-Kondestard, Jrdsa
Whirte, Joohee Sid, Loutse Perkins, Katherine Benl, Richard Gaymor, and Edward S. Kim

e Pts with treated or stable brain mets
* Pts with treated or stable brain mets who are stable for 4 weeks are eligible for all phases of
clinical trials

e Pts with active brain mets
» Pts with active brain mets should be considered early in clinical development if there is a strong
scientific rationale for likelihood of benefit based on molecular pathway, histology or
preclinical data
* For therapies with less robust preclinical data, inclusion of brain met pts should still be
considered esp if BM common in the intended population. Consider brain met specific cohort.

* Leptomeningeal Disease
* Inclusion of LMD cohort encouraged in early phase trials if CNS activity expected and when
relevant in specific disease type under study
* CSF PK measurement encouraged
* Consider LMD cohort in later phase trials



THE LANCET Oncology

Clinical trial design for systemic agents in patients with
brain metastases from solid tumours: a guideline by the
Response Assessment in Neuro-Oncology Brain Metastases
working group

D Ross Camidge, Eudocia Q Lee, Nancy U Lin, Kim Margolin, Manmeet S Ahluwalia, Martin Bendszus, Susan M Chang, Janet Dancey,
Elisabeth G E de Vries, Gordon ) Harris, F Stephen Hodi, Andrew B Lassman, David R Macdonald, David M Peereboom, David Schiff,

Ricardo Soffietti, Martin J van den Bent, Jeffrey S Wefel, Patrick Y Wen

2018;19:e20



Targeted Molecular Therapies
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Melanoma

Columbino et al. J Clin Oncol 2012; 30(20): 2522-2529

* Paired tissue samples from primary tumors and metastases showed an 80% genetic concordance (lower
than that between the primary tumor and metastases to the draining lymph node (93%) and visceral
organs (96%).

* More MBM than primary tumors harbored BRAF (48% versus 43%) or NRAS (23% versus 15%)
mutations.

Chen et al. Clin Cancer Res 2014;20(21): 5537-5546

* Extracranial metastases and found that all 16 sample pairs were concordant for BRAF and NRAS
mutations and other genetic alterations

Zhang et al. Nature 2015; 527(7576): 100-104

* Loss of PTEN, upregulation of pAKT

Glitza Oliva et al. Ann Oncol 29: 1509-1520, 2018



Table 1l

Brain and Transporter Related Features of Molecularly Targeted Therapy for Melanoma

Compound Molecular  Dose in Bran penetration | Brain penetration Response rate Transporter effect Reference
target patients (%6 of CSF to (% of brain to plasma | in BM patients (%)
(mg/day) plasma levels) in rabo) in pre-cinical
patient® model*

Vemuralenb BRAF 960 (bid.) 098 0012 NA P-gp and Bap substrate | (144,199)
inhebitor

Dabrafersb  BRAF 150 x 2 ND 44 71-78 P-gp and Bep substrate | (70,149)
inhsbitor (bad.)

Cobmetnib MEK 60 ND 8 Under investigation P-gp substrate (Not Barp) | (1 54)
inhibitor (NCT02537600)

Trametnb  MEK 2 ND 0.28 NA P-gp substrate, )]
inhabitor but not Bap

E6201 MEK ND 270 NA Minimal effect with Pgp | (200)
inhibitor and Bap

(ND, not determined; NA, not avalable)
*Total drug concentrations are reported

Kim et al. Pharm Res 2018;35:177



Melanoma

Table 1. Completed dinical trials of targeted therapies for the treatment of MBM

Study Therapy Cohort N Key inclusion criteria Median PFS (months) Median OS (months)
NCT01781026 [110] Vemurafenib 2 =1 lesion unamenable to SRS or surgical Measurement of CSF levels of N/A
resection vemurafenib
NCT01378975 [37] Vemurafenib - BRAF V600; =1 measurable MBM
90 Previously untreated 3.7 89
56 Previously treated 40 96
NCT01253564 [111)  Vemurafenib 24 Unresectable MBM; prior failed MBM treatment 39 53

BRAF, serine/threonine-protein kinase B-Raf; CSF, cerebrospinal fluid; MBM, melanoma brain metastases; N/A, not applicable; OS, overall survival; PFS, pro-
gression-free survival; SRS, stereotactic radiosurgery.

Glitza QOliva et al. Ann Oncol 29: 1509-1520, 2018



GOOD SCIENCE

s wcene Annals of Oncology 28: 634-641, 2017

G. A McArthur'®, M. Maio?, A. Arance’, P. Nathan®, C. Blank®, M-F. Awil®, C. Garbe’, A. Hauschild®,
D. Schadendorf’, 0. Hamid"®, M. Fluck'', M. Thebeau'?, J. Schachter'®, R. Kefford'*, M. Chamberlain'®,
M Makrutzki'®, S Robson'®, R Gonzalez'” & K. Margolin™

e 146 patients were treated
* Cohort 1 (untreated)-90

0. ot |~ ol praiounly ested

* Cohort 2 (previously
treated)-56

e Intracranial BORR:

e Cohort 1 by IRC was 18% (2
CRs, 14 PRs)

e Median PFS (brain only,
investigator-assessed) was 3.7
months in cohort 1 and 4.0 months
in cohort 2

e  Median OS was 8.9 months in
cohort 1 and 9.6 months in cohort 2




Melanoma

Table 2. Ongoing or recruiting dlinical trials of targeted therapies for the treatment of MBM

Study Therapy Cohort N

Key inclusion criteria Planned primary and secondary out-
come measures

NCT02038348 [112] Vemurafenib =

NCT02537600 Vemurafenib and A
(CONVERCE) [113) cobimetinib B

C

NCT02039947 Dabrafenib and A
(COMBI-MB) [38] trametinib B

C

D

NCT01978236" [114) Dabrafenib before surgery A
Dabrafenib and trametinib B
before surgery
NCT02452294 Buparlisib
(BUMPER) [115]

137
(total)

/6
16
16
17
15
15

22

BRAF mutation Value of "*F-DOPA-PET imaging in assess-
ment of tumor
Neurologically asymptomatic; without (A) CR or PR intracranial RR; CSF-to-plasma
or with (B) prior local treatment ratio of vemurafenib and cobimetinib
Neurologically symptomatic; without
or with prior local treatment
BRAF VBOOE; asymptomatic; without (A)  Intracranial RR of cohort A; intracranial RR

or with (B) prior local therapy of cohorts B, C, and D; extracranial RR,
BRAF V6OOD/K/R, asymptomatic PFS, OS, safety
BRAF V6OODYE/K/R; symptomatic
BRAF VG0OE or VBOOK extracranial Concentration of drug and metabolites in
lesions+MBM tumor and surrounding tissue

WT BRAF and BRAF VEO0E/K; failed ther Intracranial DCR
apy with BRAFi=MEKi (BRAF VGOOE)
and anti-PD-1 and/or anti-CTLA4
(BRAFWT)

Glitza QOliva et al. Ann Oncol 29: 1509-1520, 2018



Dabrafenib in patients with Val600Glu or Val600Lys
BRAF-mutant melanoma metastatic to the brain
(BREAK-MB): a multicentre, open-label, phase 2 trial

Georgina V Leng. Lwe Teefeer, Michoel A Davies, Bichard F Kefford, Poolo A Ascierto, Poud B Chapmen, ior Puzenoy, Axel Mauschild,
Carcline Robert, Alain Algary, Laurent Mortier, Husseln Tawty, Tebea Wilhelm, Liso Zinser, Jufie Switzky, Suzenne Suwann, Anvse-Marke Martin,
Mary Geckere, Vickl Goodman, Michod! Strat, John M Kiwood®, Disk Schadendor*

Lancet Oncol 2012; 13: 1087-95

A

~1 No previous treatment for BM
|«
: ] Cohort A Cohort B
; l:,.. ............................................................................................ Val600Glu BRAF mutant 74 65
i ° Overall intracranial response 29(39-2%. 20 (30-8%,
i (CRePR) 280-512%) _ 19.9-434%)
; : Intracranial disease control 60 (811%, 68 (89-2%,
e (CR+PR4SD)* 703-893%)  791-956%)
' L: Intracranial CR 2(3%) 0

L Intracranial PR 27 (36%) 20(31%)

200~ Intracrandal SD 31(42%) 38 (58%)

,:‘ Intracranial PD 9(12%) S (8%)
, Previous treatment for BM Not assessable S@%)t 2(3%)
i ol Overall response (CR+PR)S 28 (37-8%, 20 (30-8%,
£ s 26.8-499%)  19-9-43.5%)
£ Overall disease control (CR+PR+SD)  59(797%,  54(831%,
i 688-882%) 717-91-2%)
\ o 6-month survival estimate (%) 61% 61%
| B (467-732%)  (46:3-727%)
et
§ ] Response rate in BRAFV600K mutations 15%
’: AR




Dabrafenib plus trametinib in patients with BRAF***-mutant
melanoma brain metastases (COMBI-MB): a multicentre,

multicohort, open-label, phase 2 trial Lancet Oncol 2017; 18: 863-73

Michael A Davies®, Ph 'r;-;-- Sanqg®, ¢ arcdine Robert, Jean-) wques Grobd, K eith T Hoherty, Ana Arance. Vanna Chiarion-Sdeni Luc Thomas

Thienry Lesimple, Laurent Movtier Sergios | Moschos, David Hogq Ivin Mdrguez-Rodas, Michele Def Vecchio, Céleste Lebbé, Nicolas Meyer,

Y L.,;'".,A' Q. ¥ ) ¢ Hi ang Bhoyesh Mookerjee, Gex ll'.;ll.‘\'l{ ong

e Multicenter, multicohort, open-label phase II study

e Dabrafenib 150mg bid and trematinib 2mg qd
* Group A (76pt) : BRAFv600E +ve, asymptomatic melanoma BM, no previous local brain
therapy, ECOG 0 or 1
e Opverall intracranial response (CR+PR=58 %)
e Group B (16 pt): BRAFV600E +ve, asymptomatic melanoma BM, previous local brain therapy,
ECOGOorl
e Opverall intracranial response (CR+PR=56 %)
e Group C (16 pt): BRAFv600D/K/R +ve, asymptomatic melanoma BM, with or without previous
brain therapy, ECOG O or 1
e Opverall intracranial response (CR+PR=44%)
* Group D (17 pt): BRAFv600D/E/K/R +ve, symptomatic melanoma BM, with or without
previous brain therapy, ECOG 0,1 or 2

e Opverall intracranial response (CR+PR=59 %)



Dabrafenib plus trametinib in patients with BRAF**-mutant
melanoma brain metastases (COMBI-MB): a multicentre,
multicohort, open-label, phase 2 trial Lancet Oncol 2017;18: 863-73

Michael A Davies®, Phlippe Salag®, Caroline Robert, Jean-Jacques Grob, Keith T Hoherty, Ana Arance, Vanna Chiarion-Sdeni, Luc Thomas
Thiemy Lesimple, Laurent Movtier, Stergios | Moschos, David Hogg, Ivin Mdrquez-Rodas, Michele Def Vecchio, Céleste Lebbé, Nicolas Meyer,
Ying Zhang, Yingje Huang, Bljoyesh Mookerjee, Georgina V Long
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Dabrafenib plus trametinib in patients with BRAF**-mutant
melanoma brain metastases (COMBI-MB): a multicentre,
multicohort, open-label, phase 2 trial Lancet Oncol 2017; 18: 863-73

Michael A Davies* l-'h.’ulv-;r Saag”, ¢ arcdine Robert, Jean-J o ques G b KeithT i'uhrv!j,', Ana Arance. Vanna Chianion-Sdeni Luc Thomas
Thienry Lesimple, Laurent Movtier S:cfgxus)!.‘.c-:du 5, David Hogg, Ivan Mdrquez-Rodas, Michele Def Vecchio, Céleste Lebbé, Nicolas Meyer,

Ying Zhang, Yingpe Hoang, Bljoyesh Mookerjee, Georgina V Long

CohortA (n=76) CohortB (n=16) CohortC(n=16) CohortD (n=17)
Intracranial duration of response

Events 29/44 (66%) 6/9 (67%) 4/7 (57%) 8/10 (80%)
I Median (95% Cl; months) 6-5(4-9-10-3) 7-3(3:-6-12-6) 8-3(1-:3-15.0) 4-5(2-8-5.9) I
Response at 6 months 63% (45-76) 73% (28-93) 67% (19-90) 13% (1-43)

Extracranial duration of response

Events 16/42 (38%) 0/7 6/12 (50%) 4/7 (57%)
| Median (95% CI; months) 102 (5.8-NE)  NE (NE-NE) 4.9 (3-0-NE) 59(18-NE) |
Response at 6 months 69% (50-82) 100% (100-100)t  40% (10-70) 48% (8-81)

» Intracranial response appears to be shorter than extracranial response
« 7?7 Upregulation of PI3K pathway
« Potentially combinations of MAPKi and PI3Ki maybe beneficial



Lung Cancer



Brain and Transporter Related Features of Mdecularly Targeted Therapy for Lung Cancer

Compound Molecular target Dose in  Brain penetration Bran peretraton  Resporse rate Transporter effect
patents (9% of CSFtoplasma (% of branto in BM patients (%)
(mg/day) levek) plasma ratio)
in patent® in pre-chrical
model®
Gefitinib EGFR-TKI 750 1.07-3.58 27 27% P-gp substrate
1000
Erlotinib EGFR-TKI 150 2.77-5.1 13.7 82.4% (EGFR P-gp and Berp
mutation) substrate

Afatinb EGFR-TKI 20 0.7 ND 35% P-gp substrate

Osimertinib EGFR-TKI 80 NA 180 ND P-gp and Barp
substrate

AZD3759 EGFR-TKI 100 I 282 83% ND

TO00

Crizotinib ALK-TKI 500 0.26 23 18-33% P-gp substrate but not
Borp

Alectinib ALK-TKI 1200 0.3 63-94 52% Not a P-gp substrate

Centinib ALK-TKI 400 ND IS 34.5-58.8% P-gp and Berp
substrate

Brigatinib ALK and EGFR 300 ND ND 53% ND

™
Loratinib (PF- ALKTKI 100 ND 64 ND Not a P-gp substrate
06463922)
Entrectinib ALK-TKI ND ND 43 ND ND

(ND, not determined; NA, not available)

*Total drug concentrations are reported

Kim et al. Pharm Res 2018;35:177



Reference

Kim et al, (2009)

Hotta et 3l (200

Pona et A, (201

Park et al (2012

Wuetal (2013)

luchi et al. (20

Hoftknecht et 3

::‘-].r’.

Mok et al. (201

Yang e al. (201

R |

NSCLC (EGFR mutated)

Table 2. Intracranial response rates in patients treated with TKI with brain metastasis

Drug

Gefninib or Erlotinid

) Gefitinib
) Erlotingd

Geftinib or Erlotinih

Erotingd

Gefitinib foliowed by
sequeni Vi Edotined

Afatinib

C}; mertinid

ot

Dacomitinib

Study

Line of treatment

Number of

patients with

brain

Response rate % Survival

months

metastases
Case sernes First line 23 70 OS= 188
Case series Prior chemotherapy 4 43
exposure
Case sernes Some patients had pricr 69 82 O5=129
WBRT exposure
Phase || Some patients had prior 28 83 05=159
chemotherapy
Cxposure
Phase |l Prior chemotherapy 43 58 PFS = 15.2
exposure
Phase |l First line 41 83 o5=219
tihcacy from Prior chemotherapy and 100 35 -
compassionate usage TH exposure
progeam
Subgroup analysts from Prior TKI exposure a3 - PFS = 85
RCT
Phase |l Firstdine comparisonof 85 65 PFS= 10
WERT and chemo ver
SUs Icotnid ——

To date, to our knowledae, there are no data with regards 1o intracranial efficacy. Recent phase |

have not reported intracranial outcomes or have excluded patients with brain metastasis in their design

ARCHER 1009/1050

tials

TK), tyrosine kinase inhibitor; OS, overall survival;

Ulahannan et al. Ann Oncol 28: 2923-2931, 2017

WERT, whole brain radiotherapy; PFS, progression-free sunival; RCT, randomized controlied trial



e Pulsatile erlotinib (1500mg 1x/week)

Grommes et al. Neuro-Oncol 2011;13:1364—1369



Activity and safety of AZD3759 in EGFR-mutant non-small-cell
lung cancer with CNS metastases (BLOOM): a phase 1, Lancet Resp Med 2017:5:891

open-label, dose-escalation and dose-expansion study

AIDI'SS
380 =

o
° .
| e AZD3759 (EGFR mutant kinase
iy 8 inhibitor) has high passive
F ¢ permeability and is not a P-gp
e . e or BCRP transporter substrate
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Activity and safety of AZD3759 in EGFR-mutant non-small-cell

lung cancer with CNS metastases (BLOOM): a phase 1,
open-label, dose-escalation and dose-expansion study
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Pretreated with EGFRIi

Not Pretreated with EGFRIi

P I N N NI NN, £ &
VS w

Y ~

e 15/18 (83%) BM pts
who had not received
prior EGFRI1 had a
response

e 4 LMptshada
response




JOURNAL OF CLINICAL ONCOLOGY 2018;36:2702-2709

CNS Efficacy of Osimertinib in Patients With T790M-Positive
Advanced Non-Small-Cell Lung Cancer: Data From
a Randomized Phase III Trial (AURA3)

Yi-Lomg Wi, Myung-Ju A, Marina Cheara Garassimo, Ji-Younr Han, Nobuynwks Katakamu, Hye Rywun Kin,
Rachel Hodge, Parampt Kaur, Andrew P Brown, Dana Gleorghuu, Vassthks A. Papadinntrakopoulow, amd
Tony S.K. Mok

e Osimertinib is a EGFR-TKI selective for both EGFR-TKI—sensitizing and EGFR
T790M-resistance mutations with good BBB penetration.

e Patients with asymptomatic, stable CNS metastases were randomly assigned 2:1 to
osimertinib 80 mg once daily or platinum-pemetrexed.

e Preplanned sub-group analysis was conducted in patients with measurable and/or
nonmeasurable CNS lesions on baseline brain scan by blinded independent central
neuroradiological review.

* Primary objective for this analysis was CNS objective response rate (ORR).

e Of 116/419 patients had CNS lesions, including 46 patients with measurable CNS lesions.
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CNS Efficacy of Osimertinib in Patients With T790M-Positive
Advanced Non-Small-Cell Lung Cancer: Data From
a Randomized Phase III Trial (AURA3)

Yi-Long Wi, Myung-Ju A, Manina Chiara Garassing, Ji-Youn Han, Nobuynki Katakami, Hye Rywn Kin,
Rachel Hodge, Paraniit Kaur, Andrew P Brown, Dana Ghiorghuiu, Vassihki A. Papadinntrakopoulow, and
Tony S.K. Mok

* Pt with measurable lesions:
* CNS ORR was:
* 70% with osimertinib
* 31% with platinum-pemetrexed

* (odds ratio, 5.13;95% CI, 1.44 to 20.64; P= 015)
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CNS Efficacy of Osimertinib in Patients With T790M-Positive
Advanced Non-Small-Cell Lung Cancer: Data From
a Randomized Phase III Trial (AURA3)

Yi-Lomg Wi, Myung-Ju Alm, Marina Chiara Garassing, Ji-Younr Han, Nobuywki Katakami, Hye Rywn Kim,

Rachel Hodge, Paraniit Kaur, Andrew P Brown, Dana Ghiorghiu, Vassihki A. Papadinntrakopoulow, and
Tony S.K. Mok

Median CNS duration of response in patients with measurable and/or nonmeasurable CNS lesions was:
— 8.9 months for osimertinib
— 5.7 months for platinum-pemetrexed
Median CNS progression-free survival was:
— 11.7 months for osimertinib
— 5.6 months for platinum-premetrexed (HR, 0.32; 95% CI, 0.15 to 0.69; P = .004)
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CNS Response to Osimertinib Versus Standard Epidermal
Growth Factor Receptor Tyrosine Kinase Inhibitors in
Patients With Untreated EGFR-Mutated Advanced
Non-Small-Cell Lung Cancer

Thanysimn Rewgwerwartana, Kazubiko Nokagawa, Byoung Clud Cho, Mannel Cobo, Esm Kywng Cho,
Alessamdro Bertolinn, Sabine Bohinet, Cascun Zhou, Ki Hyeong Lee, Naoyuks Nogamni, Isamu Okamoto,
Natasha Leighl, Rachel Hodge, Astrid McKeown, Andrew P. Brown, Yt Rukazenkov, Surcsh S, Ramalingam,

amd Johan Vansreenkiste

* 556 pts randomly assigned to osimertinib or standard EGFR-TKIs (gefitinib or
erlotinib)

* Patients with asymptomatic or stable CNS metastases were included.

* Preplanned subgroup analysis with CNS progression-free survival as primary objective
was conducted in patients with measurable and/or non-measurable CNS lesions (IRR)

e 200 patients with available brain scans at baseline, 128 (osimertinib, n = 61; standard
EGFR-TKIs, n = 67) had measurable and/or nonmeasurable CNS lesions

* 4] patients (osimertinib, n = 22; standard EGFR-TKIs, n = 19) with > one measurable
CNS lesion.
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CNS Response to Osimertinib Versus Standard Epidermal
Growth Factor Receptor Tyrosine Kinase Inhibitors in
Patients With Untreated EGFR-Mutated Advanced
Non-Small-Cell Lung Cancer

Thanysman Rewgwerwartana, Kazuhiko Nokagawa, Byoung Chad Che, Marnwel Cobo, Exm Kying Cho,
Alessamdro Bertolim, Sabine Bohinet, Cascun Zhou, Ki Hyeong Lee, Naoyuks Nogami, Isamu Okamoto,
Natasha Leighi, Rachvel Hodge, Astrid McKeown, Andrew P. Brown, Ywri Rukazenkov, Swuresh S, Ramalingam,
and Johan Vansreenkiste

e (NS ORR were 91% with osimertinib and 68 % with EGFR-TKI in patients with >
one measurable CNS lesion (odds ratio, 4.6; 95% CI, 0.9 to 34.9; P = .066)

e (NS ORR was 66% for osimertinib and 43% for EGFR-TKI in patients with
measurable and/or nonmeasurable CNS lesions (OR, 2.5;95% CI,1.2t0 5.2; P= .011)
treated with osimertinib and standard EGFR-TKISs, respectively.
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CNS Response to Osimertinib Versus Standard Epidermal
Growth Factor Receptor Tyrosine Kinase Inhibitors in
Patients With Untreated EGFR-Mutated Advanced
Non-Small-Cell Lung Cancer

Thanysman Rewgwerwartana, Kazubiko Nokagawa, Byoung Clad Cho, Manwel Cobo, Esm Kywng Cho,
\lessamdro Bertolin, Sabime Bohinet, Cascun Zhou, Ki Hyeong Lee, Naoyuks Nogami, [samu Okamoro,
Natasha Leighl, Rachel Hodge, Astrid McKeown, Andrew P. Brown, Yt Rukazenkov, Surcsh S, Ramalingam,
ard Johan Vansreenkiste

e Median CNS progression-free survival in patients with measurable and/or
nonmeasurable CNS lesions was not reached with osimertinib (95% CI, 16.5 months to
not calculable) and 13.9 months (95% CI, 8.3 months to not calculable) with standard
EGFR-TKIs (HR, 0.48; 95% CI,0.26 to 0.86; P = .014.

e Probability of experiencing a CNS progression event was consistently lower with
osimertinib versus standard EGFR-TKIs.
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Icotinib versus whole-brain irradiation in patients with
EGFR-mutant non-small-cell lung cancer and multiple brain
metastases (BRAIN): a multicentre, phase 3, open-label,

parallel, randomised controlled trial

Jo)iYong Coscun Zhow, Yisheng Husng, Meng Feng Sonm L. Yong Song. Cheng Husng. Gang Wu, Li Zhang. Ying (heng. Chengpang iy

Gongyan Chen, Li Thang, Xoaoging Liu, Hong Hong Yan, Fen [ ai Tan, Wegheo Thong, Yi-long Wu

Lancet Resp Med 2017
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Management of Brain Metastases in Tyrosine Kinase

Inhibitor—Naive Epidermal Growth Factor Receptor—Mutant
Non-Small-Cell Lung Cancer: A Retrospective Multi-

[nstitutional Analysis

William J. Magnuson, Nataniel H. Lester-Coll, Abraham J. W, T. Jonathan Yang, Natalic A. Lockney, Naamit K.
Gerber, Kathryn Beal, Arya Amini, Tejas Patil, Brian D, Kavanagh, D. Ross Cantidge, Steven E. Braunstein,
Lauren C. Boreta, Suresh K. Balasubramanian, Mammeet S. Ahluwalia, Niteshkumar G. Rana, Albert Attia,

Scott N. Gettinger, Joseph N. Contessa, James B. Yu, and Veronica L. Chiang

w—— Upfront SRS

=
=
(4]
-g .80 s Upfront EGFR-TKI
a we Upfront WBRT
= .60
O
=
s 40 -+
-
9 20+
® Log-rank P < 001 e ... T
g’ -oo L] L Ll L] Ll T 1
o 0 12 24 36 48 60 72 84
Follow-Up (months)
No. at risk
Upfront SRS 100 76 51 29 13 5 1 1
Upfront WBRT 120 97 52 27 15 6 3 1
Upfront EGFR-TKI 131 103 54 24 8 4 2 0

Median OS:

- SRS =46 mo

- WBRT = 30 mo

- EGFR-TKI = 25 mo



NSCLC (ALK+)

Table 3. Intracranial outcomes in brain metastases with ALK inhibitor

Reference Drug Study Line of treatment Number of Outcome
patients with
brain
metastases

Costa et al, (2015) Crzotinib Pooled retrospec- Previous chemotherapy 275 Intracrandal disease con-
trol rate at 12 weeks

Intracranial Resonse Rates 56% In asymptomatic

Drain metastasis

Ou et al. (2015) sectini Alectinib: 81% Intracranial RR = 57%

Soria et al. (2017) Ceritinib Ceritinib: 73% Intracranial RR = 73%
AL EX)

Hida et 3. (2017) (J-ALEX S HR = 0.16 for time t0

Versus CriZOtinib: 50_57% 229 progression of brain

metastatic lesion

Brlgatlnlb 53% favouring alectinib

Peters et a. (2017 (Global £ . Intracranial RR: alectinib
VOTSUS RS T 22 819%: Crizotinib
Lorlatinib: 44% o
Gettinger et al. (2017) Brigatinib Pooled analysis Mixed population 154 Intracranial RR = 53%

Phase 1/2

Felip et al. (2017) Lorlatinib Phase I/ Previous ALK inhibitor 39 Intracranial RR = 44%

exposure

RR, response rate; HR, hazard ratio

Ulahannan et al. Ann Oncol 28: 2923-2931, 2017



ENROLLING

ASCEND-7
Phase 2 Study in Patients with NSCLC Brain Metastases: CLDK378A2205

= Prior RT to brain
Arm 1

(N ~30) = Prior ALK inhibitor
= No evidence of LC

= No prior RT to brain
ALK+ NSCLC Sl - Prior ALK inhibitor

= No evidence of LC

*Aged =18 years

*Locally advanced or

metastatic disease = Prior RT to brain
5 - No prior ALK inhibitor

= No evidence of LC

*Confirmed ALK+ by FISH

s9|9A2 Aep-8z

*Active (measurable or non-

measurable) metastases to = No prior RT to brain
the brain and/or oI Pt - No prior ALK inhibitor
leptomeningeal

) ‘ = No evidence of LC
carcinomatosis

= LC with or without active
Arm 5 metastases
~ (N~5)
* Primary endpoint Whole body ORR

e Secondary endpoints Whole body Disease Control Rate (DCR), intracranial ORR, DCR, Time To

Response, and Duration Of Response;
Whole body TTR, Duration Of Response, and PFS; OS, safety, PK

LC, leptomeningeal carcinomatosis.

ao bw oG/ qupue)d

Clinical Trial Protocol CLDK378A2205. EUDRACT 2014-000578-20; 29 Jul 2014.
Clinicaltrials.gov identifier: NCT02336451 41



The NEW ENGLAND JOURNAL of MEDICINE

Alectinib versus Crizotinib in Untreated 2017;377:829-38
ALK-Positive Non—Small-Cell Lung Cancer

Solange Peters, M.D,, Ph.D,, D. Ross Camidge, M.D., Ph.D.,

Alice T. Shaw, M.D., Ph.D., Shirish Gadgeel, M.D., Jin S. Ahn, M.D,,
Dong-Wan Kim, M.D,, Ph.D,, Sai-Hong I. Ou, M.D., Ph.D., Maurice Pérol, M.D.,
Rafal Dziadziuszko, M.D., Rafael Rosell, M.D., Ph.D., Ali Zeaiter, M.D.,
Emmanuel Mitry, M.D., Ph.D., Sophie Golding, M.Sc., Bogdana Balas, M.D.,
Johannes Noe, Ph.D,, Peter N. Morcos, Pharm.D., and Tony Mok, M.D.,
for the ALEX Trial Investigators*®

A Progression-free Survival

Table 2. Objective Response Rates in the Intention-to-Treat Population and among Patients with CNS Lesions at Baseline.*

Lt A Verioble Crigotinlb Nloctol
P<0.00] by log cank test Intention-to-treat population
o No. of patients 151 152
F Response
; 7 : Aactnd No. of patients 114 126
2 % (95% C1) 75.5 (67.8-82.1) 82.9 (76.0-88.5)¢
4T - Complete response — no. (%) 2() 6(4)
:: ‘—1._1 Partial response — no. (%) 112 (74) 120 (79)
10+ Craotnb Stable disease — no. (%) 24 (16) 9 (€)
"oq EEEEEEEEE Median duration of response (95% Cl) — mo 11.1 (7.9-13.0) NE (NE)
! Month Patients with measurable CNS lesions at baseline
C Cumelative Incidence of CNS Progresss ’ No. of patients a2 2l
s : CNS response
g %4 : No. of patients 11 17
H ECmetind, 13m0 comelatie incidence % (95% C1) | soes s158-95) |
;‘ v ALA% (95% Q1 1) 2-49.4)
¥ 0] ; CNS complete response — no. (%) 1 (S}
x; 24 m 13m0 casvadistive incidence Median duration of response (95% Cl) — mo I 5.5 (2.1-17.3) 17.3 (14.8-NE) I
E rate 94% (AN, 5.4-147)
1 :
it S A




Breast Cancer



Neuro Oncology

Breast cancer brain metastasis: molecular mechanisms
and directions for treatment

Rute M. S. M. Pedrosa, Dana A. Mustafa, Riccardo Soffietti, and Johan M. Kros

Table2 Overview of actionable targets and chinical studies on targeted therapies in established brain metastasss

Targeted Agent  Pretreatment Response Rate  Progression-free  Overall Type of Reference or
with Radiotherapy Survival (mo) Survival Trial Chinicaltrials. Gov
HER2, EGR Lapatinib Yes 6% 24 64 Phasell ™
Lapatinib + No 66% 5.5 70% Phasell %
Capecitabine {iy)
Her2 Neratinib Yos 8% 1.9 8.7 Phasell ™
Neratinib + Yeos 49% NA 63% Phasell ™
Capecitabine {1y) (preliminary results)
Tucatinib (ONT-]  Yes 33% 6.5 NA Phase | »
380) + (TDM1)
PARP Iniparib © Yos 27% 2.4 NA Phasell ™2
HER2 Pertuzumab + Yos NA NA NA Phase Il NCT02536339
High-dnse
Trastusumab
(imravenous)
Pertuzumab + No NA NA NA Phase | NCT02598427
Trastuzumab
(imrathecal)
Tucatinib (ONT-]  Yes NA NA NA Phase | NCT019221335
380) +
Trastuzumab
COK4'6 Abemaciclib Yes NA NA NA Phase ll NCT02774681
Palbociclib No NA NA NA Phase Il NCT02308020
P13 A Everolimus Yes NA NA NA Phasell NCT01305941°
NCTOV 783756 %
PARP Veliparib Yos NA NA NA Phase Il NCTO0649207
(in association)

TOM1, trastuzumab emtansine; CDK4/6, cyclin-dependent kinase 4 and 6; Akt, protein kinase B; NA, not available,
In association with trastuzumab and vinorelbine. *In association with lapatinib and capecitabine. “In association with irnotecan.



Table IV  Brain and Transporter Related Features of Molecularly Targeted Therapy for Breast Cancer and Renal Cancer Cell

Compound Molecular Dose in Brain penetration Brain penetration Resporse rate  Transporter Reference
target patents (% of CSF to (% of brantoplasma  in BM patients  eflect
(mg/day) plasma levels) in ratio) (%)
patent* in pre-dinical
model*
Lapatinib EGFR and HER2 1250 0.11 3 6% P-gp and Bap (99.167.171)
substrate
Trastuzumab HER2 NA 0.24 ND 0.5 NA (201)
Rucapanb PARP inhibitor 40 ND I ND P-gp and Bap (97)
substrate
Olaparb PARP inhibitor 400 x 2 ND 1.1* ND P-gp substrate (202)
(bid.)
Velpanb (ABT- | PARP inhibitor 400 x 2 ND less than 5% ND P-gp and Bap (95)
888) (bid.) substrate
Talazopanb PARP inhibitor | ND 2 ND P-gp substrate, (203)
(BMIN-673) but not Barp
Nerapanb PARP inhibtor 300 10-52" 8599 ND NA (173)
Vorinostat HDAC nhibitor 360 ND 4 ND P-gp and Barp (176)
substrate
Sunitinib TKI 50 ND 42 12 P-gp and Bap (96.182)
substrate
Sorafenib Mult-kinase 400 x 2 002347 94 ND P-gp and Barp (204)
inhibtor (bid.) substrate
Axitrdb VEGFR inhibtor 5 mg x 2 ND Less than 10% ND P-gp and Bap (205)
(b.id.) substrate
——

(ND, not determined; NA, not avadable)
*Total drug concentrations are reported
* Unpublished data

+ in non-human primate

Kim et al. Pharm Res 2018;35:177



Biodistribution of 89Zr-trastuzumab and PET Imaging of HER-2-
Positive Lesions in Patients With Metastatic Breast Cancer

Dijkers, et al Clin Pharmacol & Ther 2010



Lin et al (ASCO 2017, Abstr 2074 ): PATRICIA TRIAL

[ pertuzumar )

. Treatto PD
loading dose of 840
Eligibility: N -0 ( ' followed Q3W b'y"g (at least 20%
e MetastaticHER2+BC 420 mg IV) increase in
e Previous treatment (WBRT/SRS) for . sum of
brain metastaseswith development |_ High-dose Trastuzumab diameters of
of new and/or progressive target
6m IV weekl
measurable lesion (6 me/keg + ) lesions) or
e Stable systemic disease Continuation of ongoing unacceptable
systemic treatment toxicity

Primary efficacy endpoint: ORRinthe CNS
Secondary efficacy endpoint: DOR inthe CNS, CBR for the CNS, PFSin the CNS, PFS (CNS or
non-CNS), and OS

¢ Safetyendpoint: Safetyof pertuzumab and trastuzumab for the treatment of HER2-positive MBC

with CNS progression post-radiotherapy



Trastuzumab-Emtansine (TDM1)

e Bartsch et al (Clin Exp Metastasis 2015)
— 10 pt; 3PR (30%), 2SD > 6 mo
— Median intracranial PFS 5 mo
e Jacot et al (Breast Ca Res Treat 2016)
— Retrospective review of 39 pt (CNS ORR 44 %)
— Median PFS 6.1 mo



Lapatinib For Brain Metastases

Lin et al » 64% with .
1CO 2008* Lapatinib 39 52 T+chemo 95% 2.6% 3.0 mo
Lin et al Lapatinib 237 81% with 100% 6% 24 mo
CCR 2009* >2 T+chemo ’
Toi et al » >80% with >3
Br J Cancer 2009 Lapatinib 10 orior regimens NR 2 PR NR




Lapatinib and Capecitabine

For Brain Metastases

Linetal
CCR 2009

Boccardo et al, ASCO 2008 (LEAP)
Sutherland et al, Br J Ca 2010 (LEAP)

Metro et al, Ann Oncol 2011

Lin et al, J Neuro-Oncol 2011

Bachelot et al, Lancet Oncol 2013

13

100%

NR

94%

86%

100%

0%

36mo

Median time on study 2.8 mo

51 mo

51mo

NR

55mo




Neratinib

e QOral, irreversible-binding inhibitor of the erbB TKI

e Single agent activity in brain metastases: ORR 8% in patients pretreated
with WBRT or SRS (Freedman et al, J Clin Oncol 2016)

* Neratinib + capecitabine (Friedman et al (ASCO 2017): CNS ORR 49%

Best Volumetric Response (n=31)*

CNS ORR = 49% (95% CI 32-66%)

e Median time to CNS

i/‘é,LerﬂZCct,if nin progression = 5.5 mo
CNS lesion : I | Too. . 6M-PFS= 38%




JAMA Oncology | Original Investigation

Tucatinib Combined With Ado-Trastuzumab Emtansine

in Advanced ERBB2/HER2-Positive Metastatic Breast Cancer
A Phase 1b Clinical Trial

Virgnia F. Borges, MD, MMSE; Cristiano Ferrano, MD: Nathalie Aucoin, MD; Carla Fallkison, MD;: Qamar Khan, MD.
lan Krop, MD. PAD; Stephen Weich, ND: Alson Conin, MD: Jorge Chaves, MD: Philppe | Bedard MD
Marc Chamberiain, MD; Todd Gray, MD; Alex Vo, MD. Enka Hamiitoa, MD

e Tucatinib (ONT-380), HER?2 inhibitor with good BBB penetration

* 12 patients treated at the recommended phase 2 dose had measurable brain
mets

2018;4(9):1214-1220

e 5 (42%) of these patients achieved brain-specific objective response

100 1— Stratum N Events Median (95%Cl)
80 - B No brain metastases 16 13 92(41-191)
Brain metastases 11 10 67(1-4-125)
70 1 All patients 7 2 7-8 (41-125)
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Tucatinib with capecitabine and trastuzumab in advanced
HER2-positive metastatic breast cancer with and without

brain metastases: a non-randomised, open-label, phase 1b
study

Lancet Oncol 2018

e MTD 300mg bid

e 50 pt with brain met
— Median PFS was 6.7 months (95% CI, 4.1-10.2 months)

e 14/30 pt with measurable brain met
— Brain-specific objective response rate was 36% (2 CR, 3 PR, 7 SD, and 2
nonevaluable).

1.0
Stratum N Events Median (95% CI)
— No brainmets 20 11 8.2 (3.1 toNE)
Brain mets 30 22 6.7(4.1-10.2)

084

All patients 50 33 8.2(48-10.3)
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Ongoing HER2 TKI Trials

Ongoing key clinical trials of TKI in HER2-positive advanced breast cancer with brain metastases,

Clinical trial Phase N Treatment and comparator (if any) Primary endpoints Expected study
completion
NCT01622868 2 143 WBRT (15 fractions) or SRS vs, WBRT or SRS and lapatinib CR in the measurable BM at 12 weeks after  February 2018
(BM present) ditosylate PO QD for 6 weeks WBRT or SRS; brain response after 12 weeks
RECIST v. 1.1
NCT01494662 2 96 Cohort 1: HK1-272 (neratinib) 340 mg PO QD Cohort 1: ORR in the CNS by composite December 2018
(BM present) Cohort 2: HKI-272 (neratinib) 340 mg PO QD - surgical resection  response criteria
Cohort 3a: no prior lapatinib — neratinib 240 mg PO QD and Cohort 2: neratinib concentrations from
750 mg/m” capecitabine BID, 14 days, followed by 7 days rest craniotomy specimen, CSF, plasma
Cohort 3b: prior lapatinib — neratinib 240 mg PO QD and Cohort 3a, 3b: ORR
750 mg/m* capecitabine BID, 14 days, followed by 7 days rest
NCT00777101 2 233 Neratinib 240 mg PO OQ until PD or unacceptable toxicity vs. PFS December 2018
(BM absent or lapatinib 1250 mg PO QD and capecitabine 1000 mg/m* BID (secondary endpoint: frequency and time to
present) 14 days followed by 7 days rest. Given until PD or unacceptable  CNS metastases)
toxicity
NCT02614794 2 480 Tucatinib 300 mg or placebo PO BID and capecitabine 1000 mg/  PFS; OS; PFS in the subgroup of patients January 2021
HER2CLIMB m” PO BID 14 followed by 7 days rest, and trastuzumab at a with baseline BM; according to RECIST v.
(BM absent or loading dose 8 mg/kg IV followed by 6 mg/kg once every 21 days 1.1
stable)
NCT03054363 1b/2  20/20  Tucatinib 300 mg or placebo PO BID in combination with Phase 1bc safety and tolerability (any AE) January 2019
TULIP palbociclib 125 mg PO QD for 3 weeks, followed by 7 days off and ~ Phase 2: PFS according to RECIST v.1.1.
(BM absent or letrozol 2.5 mg PO QD
stable)
NCT02260531 2 40 Cabozantinib 60 mg PO QD of each 21 day cycle ORR in CNS February 2022
(BM present) and trastuzumab IV on day 1 of each 21 day cycle




Primary tumors and brain metastases are
often genetically distinct

Shared
Brain Primary
met biopsy

# of actionable
SSNV / SNCA
events

onNsAsEOO®

e T AT

Brain metastasis and matched primary tumors

Targeted treatments that are appropriate for the primary
tumor may not be appropriate for the brain metastasis.

Brastianos, Carter et al., Cancer Discovery 2015



AO71701 (Brastianos et al)

Biomarker driven trial in brain metastases

+ Brain MRI and systemic + Brain MRI and systemic
staging staging q8wks
+ Circulating biomarkers + Circulating biomarkers qdwks
Actionable * Lung (n=21) l CNS or
ey alteration in CDK + Breast(n=21) = R{LIE md  Systemic
e e pathway (~ 50%) . Other (n=21) progression
Histologically
confirmed solid
malignancy :‘:; ::::’225:“""5 + Al - CNS or
Measurable CNS skipping (~ 10%) { :t'::tzzl;mns el Capmatinib rsoysrteegliz )
disease prog
Any brain metastasis
tissue and Actionable
extracranial site for SRR * Lung (n=21) - CNS or
sequencing PI3K/AKT/mTOR « Breast(n=21) am dll Albelisib systemlic
pathway (~ 40%) . Other (n=21) PRORSCSRon
ALK/NTRK/ROS1 CNS or
translocation x s 4 Entrectinib i
(~8% lung) Lung (n=21) systemic

progression

Primary endpoint
® CNS response rate (RANO)



Immunotherapy

Cancer .
‘Immunotherapy
1’ cells on the attack




Immune Checkpoint Blockade

Cytotoxic T Lymphocyte Antigen — 4 (CTLA-4)
Initial T cell activation

Lymph Node

Programmed Death — 1 (PD-1/PD-L1)

Later/after T cell activation

Postow et al. J Clin Oncol 33:1974, 2015
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Kaplan—Meier Estimates of Survival.
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Table 3. Completed dinical trials of immunotherapies for the treatment of MBM
Cohort N Key inclusion criteria PFS (months) OS (months)

Study Therapy
NCT00623766 (59 Ipilimumab A 51 Neurclogically asymptomatic; no steroics 1.5 0
1 9’
B 21  Neurclogically symptomatic; sterokds - 37
. ‘]'
86 All patients 45 129
14 199

d fotermustine

NCTO1654692 (NIBIT-M1) [60]  Ipilimumab an
Ipiimumad and fotemusting

Patients with asymptomatic MBM

‘Brain-specific PFS per modified World Health Organization criteria

Study Therapy

“Brain-specific PFS per immune-related response criteria
MBM, melanoma brain metastases; OS, overall survival; PFS, progression-free survival
Table 4. Ongoing or recruiting dlinical trials of immunotherapies for the treatment of MBM
Cohort N Key inclusion criteria Planned primary and secondary
outcome measures

Melanoma BM
immunotherapy

trials

PFS; 6-month PFS, SAES, ORR local con

3 Melanoma metastases to viscers

NCTO2107755 [116) Ipilimumab and SRS
NCT02085070 [62] Pembrolizumab A
]
B

NCTO2115139 (GRAY-8)  Ipilimumab and WBRT

(17

NCT02320058 Nivolumab and ioldmumab
(CheckMate-204) [63]
Nivolumab and ipilimumab

NCT02374242 (ABC) [64] |
LA) versus nivolumab (8)

Nivolumab

Fotemustine

NCTO2460068 (NBIT-
M2) (6] |

Fotemusting and ipdimumab 8

Ipdlimumab and nivolumab

organs” targetable with SRS ol OS5
18  Melanoma; >1 untreated MEM ORR: MBM response per modifed
18  Non-small cell lung cancer; >1 brain le RECIST v1.) criteria, sofety

NG extracra-

sion, PDHL)
1-year survival; PFS, intra- a

vidence of MBM
o PFS, OS5, RR, AES, biomarker Cor-

First radiologic €
relation with PFS

»1 measurable, unirradiated MBM (0.5 Intracranial CBR: extracranial CBR glo

<3 MBM. N0

. 05, AEs and SAES, systemi

30 ¢cm), price SHT in
neurclogical symptoms, no peior WBRI
Intracranial RR from week 12 per modi

NO prior iocal brain therapy; SSymptom
1; extracranial RR, ORR,

fied REQIST v)

ntra- and extracranid PrS, overa

35

25 atic MEM no prior anti-CTLA-4, anti-

PD-1, or anti-PD-L1; lesion size >5 and
<40 mm PES, OS, AEs, SAES, IRC AR, bio
16  Prior treatment, symptomatic MBM, markers of progression

and LMD allowed
05, AEs, PFS, ORR. TTR, DOR. intracranial

168 Asymptomatic MEM

Glitza Oliva et al. Ann Oncol 29

: 1509-1520, 2018
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Ipilimumab in patients with melanoma and brain
metastases: an open-label, phase 2 trial

jolin, Marc S Ernstoff, Omid Hamid, Donald Lawrence, David McDermott Igor Puzanow, J dd D Wolchok VA."l,'l"".‘ lark, Mario Sznol
I'heodore F Logan, Jon Ri hards. Tracy Michener Agnes Balogh, Kevin N He ler, F Stephen Hodi
e 72 patients with melanoma and brain metastases enrolled into 2 cohorts:

— Cohort A (51 pt) were neurologically asymptomatic and not receiving
corticosteroid treatment at study entry

— Cohort B (21 pt) were symptomatic and on a stable dose of corticosteroids.

e Patients were to receive four doses of 10 mg/kg intravenous ipilimumab, one every 3
weeks.

* Individuals who were clinically stable at week 24 were eligible to receive 10 mg/kg
intravenous ipilimumab every12 weeks

* Primary endpoint was the proportion of patients with disease control, defined as CR,
PR or SD after 12 weeks



Ipilimumab in patients with melanoma and brain
metastases: an open-label, phase 2 trial

it h

At

CohortA (n=51) Cohort B (n=21)
mWHO irRC mWHO irkC
0 0 1(5%) 1(5%)
8(16%) 8(16%) 0 0
4(8%  5(10%  16%  1(5%) N
39 (76%) 38 (75%) 18 (%0%) 19(90%) i v
0 0 0 0 ;
[
§ od
Cohort A Cohort B
mWHO  irRC mWHO irRC " . VI -
Ovenall  14(12-26) 27(16-37) 12(12-13) 13(12-25)
Brain 15(1-:2-25) 19(1-2-29) 12(1-2-13) 12(12413)
Non-CNS 26(13-41) 33(26-47) 13(12-25) 13(12-25)
Data are months (95% C1). mWHO«modified WHO criterfa. IrRC« immune-refated ’ $ 5 PIPRIRENERUNRDN JL SRR
I’CWBQCMG\& No— T e R T
(heh U AN DN PE N ENEEREREENENRENRE {
Ta*‘_“wmw.fmwm‘ UL O { (O O I I I B 1 1)

Margolin K. Lancet Oncol. 2012 May;13(5):459-65



Ipilimumab in patients with melanoma and brain
metastases: an open-label, phase 2 trial

CohortA (n=51) Cohort B (n=21)
mWHO irRC mWHO irRC
ONS
(R 0 0 1(5%) 1(5%)
PR 8 (16%) 8 (16%) 0 ]
sD 4 (8%) S (10%) 1(5%) 1(5%)
PD? 39 (76%) 38 (75%) 15(S0%) 15(90%)
Unknown 0 0 0 0
CohortA Cohort B
mWHO iRC mWHO iRC
Overll  14(1226) 27(16-37) 12(12-13) 13(12-25)
Bain  15(1225) 19(12-29) 121213) 12(12-13)

Non-CNS  2.6(13-41) 33(26-47)

Data are months (95% ). mWHO=modifisd WHO criteria. irRC=immune-related

response criteria

13(12-25) 13(12-25)

Table 4: Median progression-free survival

it h
At

| Disease control
% 12/51 in cohort A (24%)
"'-_.2/ 21 cohort B (10%)

Node il =2
A S B AN 0N 1A RENHNURBNENR N NN N L)

ol A B B U W R B BN BN D DR B B 1 1

Margolin K. Lancet Oncol. 2012 May;13(5):459-65
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Pembrolizumab for patients with melanoma or
non-small-cell lung cancer and untreated brain metastases:
early analysis of a non-randomised, open-label, phase 2 trial

Sarah B Goldberg, Scott N Gettinger, Amit Mahajan, Anne C Chiang, Roy S Merbst, Mario Sznol, Apostolos John Tsiourss, Justine Cohen,

Alexander Vortmeyey, Lucia Maveanu, James Yu, Upendra Hogde, Stephanie Speaker, Matt v Modura, Amanda Ralabate, Angel Rivera
Elin Rowen, Heather Gemrish, Xioopan Yao, Veronica Chiang, Harriet M Kluger

= Advanced NSCLC or melanoma

= At least one untreated or Brain metastasis

Consider radiation or surgery

progressive brain metastasis el PD to progressing lesions
5-20 mm Pembrolizumab 10
* No neurologic symptoms or steroid =+ mg’kwg
| t q . . . .
. ;egtggmen . Brain metastasis Continue pembrolizumab
« PD-L1 expression from tumor CR, PR, or SD if systemic control achieved
biopsy after most recent systemic
therapy
Safety evaluation at 4 weeks: Primary endpoint:
* Brain MRI brain metastasis response rate
R luati 8 ks: .
. °§?§3?§§‘.’° e e R Secondary endpoints:
* CT chest/abdomen/pelvis overall response rate, safety, PFS, OS

CT, computed tlomography. PD-L-1, programmed cell death ligand-1.
PS, performance status: q2w, every 2 weeks: SD, standard deviation

Courtesy. Harmiet Kiuger



Melanoma (n=18)

NSCLC (n=18)

Grade1-2 Grade3 Graded4

Grade1-2 Grade3 Grade4

Neurological*
Cognitive dysfunction
Headache

Dizziness

Stroke

Seizure
Treatment-related non-neurological
Colitis or diarrhoea
Pneumonitis

Acute kidney injury
Fatigue

Anorexia
Dermatological
Arthralgias

Endocrine
Hyperkalemia
Haematological

Elevated aminotransferases

0
3(17%)
1(6%)
0

3 (17%)

0
0

0

8 (44%)
1(6%)
6(33%)
2 (11%)
1(6%)
0

0

0

1(6%)
0

oS © O

= © O ¢ © © © O © O O

(6%)

c © O © © © © © © © O

1(6%)
4 (22%)
2 (11%)
1(6%)
0

3(17%)
0
1(6%)
5(28%)
2 (11%)
4 (22%)
1(6%)
5(28%)
0
2(11%)
0

S © O O ©

1(6%)
1(6%)
0
1(6%)
0

c © O © © ©

S © © © ¢©

(6%)

0
0
0
0
0
0
0
0
1
0
0

NSCLC=non-small-cell lung cancer. There were no treatment-related deaths. * lerespective of attribution to study drug.

Table 3: Neurological adverse events and treatment-related non-neurological adverse events in all
treated patients with melanoma or NSCLC

Generally
well-tolerated

Goldberg Lancet
Oncol 2016



Maximum tumour regponse from baseline (%)

260 Patients with melanoma
3 Patients with NSCLC
« Partial response
2004 t Complete response

[ Complete response
Partial response

NSCLC

@ First beain metastasis response
> Ongoing treatment

1
0 S 10 15
Time from start of treatment (months)

Response was achieved in:
*4 (22%) of 18 patients with melanoma

*6 (33%) of 18 patients with NSCLC

*Responses were durable

Goldberg Lancet Oncol 2016



Courtesy: Sarah Goldberg.




Efficacy and Safety of Nivolumab Plus Ipilimumab in
Patients with Melanoma Metastatic to the Brain:
Results of the Phase Il Study CheckMate 204

Key eligibility

Induction Maintenance
Allowed:

*>1 measurable, unirradiated
MBM (0.5-3.0 cm)

NIVO

: . Treat until
*Prior SRT in <3 MBM 3 mg/kg progression or
*BRAF/MEK inhibitors Q2w ~ unacceptable
Not allowed:

toxicity

(up to 2 years)
*Neurologic symptoms or

steroids >10 days

*WBRT, IPI, or anti-PD-1/PD-L1

*Leptomeningeal disease

aAll patients who discontinued proceeded to follow-up

« Original planned enroliment of 110 asymptomatic patients; amended to include 20 symptomatic
patients

« Patients with grade 3-4 AEs during NIVO+IPI induction could resume NIVO when toxicity resolved

Tawbi H et. al Abstract 9507, ASCO Annual Meeting 2017

69
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Combined Nivolumab and Ipilimumab
in Melanoma Metastatic to the Brain

Hussein A. Tawbi, M.D., Ph.D., Peter A. Forsyth, M.D., Alain Algazi, M.D.,
Omid Hamid, M.D., F. Stephen Hodi, M.D., Stergios J. Moschos, M.D.,
Nikhil I. Khushalani, M.D., Karl Lewis, M.D., Christopher D. Lao, M.D., M.P.H.,
Michael A. Postow, M.D.. Michael B. Atkins, M.D., Marc S. Ernstoff. M.D.,
David A. Reardon, M.D., Igor Puzanov, M.D., Ragini R. Kudchadkar, M.D.,
Reena P. Thomas, M.D., Ph.D., Ahmad Tarhini, M.D., Ph.D.,

Anna C. Pavlick, D.O., Joel Jiang, Ph.D., Alexandre Avila, M.D., Ph.D.,
Sheena Demelo, M.D., and Kim Margolin, M.D

Table 2. Response to Treatment.

Intracranial  Extracranial Global
Variable (N =94) (N =94) (N=94)
Best overall response — no.
(%6)*

Complete response 24 (26) 7(7) 8 (9)

Partial response 28 (30) 40 (43) 40 (43)

Stable disease for =6 mo 2 (2) 6 (6) 5(5)

Progressive disease 31 (33) 28 (30) 33 (395)

Could not be evaluatedT 9 (10) 13 (14) 8 (9)
Objective response

No. of patients 52 47 48

| Percent of patients (95% Cl) 55 (45-66) 50 (40-60) 51 (40-62) |
Clinical benefit§
No. of patients 54 53 53
Percent of patients (959 CI) 57 (47-68) 56 (46-67) 56 (46-67)

2018;379:722-730

Open label single arm phase 11
study (94 pts)

At least one measurable, non-
radiated BM, no neurologic
symptoms

26% CR, 30% PR, SD for at least
6 months 2%

57% intracranial benefit

Extracranial clinical benefit 56%

55% Gr 3% adverse events; 7%
CNS
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Figure 1. Time to and Duration of Intracranial Response.

Tawbi et al. NEJM 2018;379:722-730




Combination nivolumab and ipilimumab or nivolumab
alone in melanoma brain metastases: a multicentre
randomised phase 2 study

Lancet Oncol 2018

* Asymptomatic brain metastases with no previous local brain therapy were randomly assigned to:
* Cohort A (nivolumab plus ipilimumab)
e Cohort B (nivolumab)

e Patients with brain metastases in whom local therapy had failed, or who had neurological
symptoms, or leptomeningeal disease

* Cohort C : (nivolumab)

e Patients in cohort A received intravenous nivolumab 1 mg/kg combined with ipilimumab 3 mg/
kg every 3 weeks for four doses, then nivolumab 3 mg/kg every 2 weeks

e Patients in cohort B or cohort C received intravenous nivolumab 3 mg/kg every 2 weeks.

* Primary endpoint was intracranial response from week 12



Combination nivolumab and ipilimumab or nivolumab

alone in melanoma brain metastases: a multicentre

randomised phase 2 study

Lancet Oncol 2018

Georgina V Long, Victoria Atkinson, Serigne Lo, Shahneen Sandhu, Alexander D Guminski, Michael P Brown, James S Wilmeott, Jarem Edwards,
Maria Gonzalez, Richard A Scolyer, Alexander M Menzies®, Grant A McArthur®

CohortA Cohort B Cohort € (n=16)
Drug*® naive (n=27)  Overall (n=35) Drug* naive (n=19) Overall (n=25)
Intracranial
I Overall (%; 95% CI) 15 (56%; 35-75) 16 (46%; 29-63) 4 (21%; 6-46) 5(20%; 7-41) 1(6%: 0-30) I
Complete response 5(19%) 6 (17%) 2(11%) 3(12%) 0
Partial response 10 (37%) 10 (2G9%) 2(11%) 2(8%) 1(6%)
Stable disease 3(11%) 4(11%) 0 0 2(13%)
Progressive disease 8(30%) 14 (40%) 14 (74%) 19 (76%) 13(81%)
Non-evaluable 1(4%) 1(3%) 1(5%) 1(4%) 0
Extracranial responset
IOveralI (%: 95%CI) 15(63%; 41-81) 17 (57%; 37-75) 5(29%; 10-56) 6(29%; 11-52) 3(25%) I
Complete response 0 1(3%) 1(0%) 2 (10%) 1(8%)
Partial response 15(63%) 16 (53%) 4(24%) 4(19%) 2(17%)
Stable disease 3(13%) 4(13%) 2(12%) 2(10%) 1(8%)
Progressive disease 5(21%) 8 (27%) 9(53%) 11(52%) 7 (58%)
Non-evaluable 1(4%) 1(3%) 1(6%) 2 (10%) 1(8%)




Combination nivolumab and ipilimumab or nivolumab
alone in melanoma brain metastases: a multicentre
randomised phase 2 study Lancet Oncol 2018

Georgina V Long, Victoria Atkinson, Serigne Lo, Shahneen Sandhu, Alexander D Guminski, Michael P Brown, James S Wilmott, Jarem Edwards,
Maria Gonzalez, Richard A Scolyer, Alexander M Menzies®, Grant A McArthur®

CohortA Cohort B Cohort C (n=16)
Drug® naive (n=27)  Owverall (n=35) Drug* naive (n=19) Overall (n=25)
Intracranial progression-free survival
Number of patients with disease 10 (37%) 16 (46%) 15(79%) 20 (80%) 15(94%)
progression
Median duration, months (95% Cl) NR (47-NR) NR (2-9-NR) 2.6 (1-8-NR) 2.5(17-2-8) 23(1-4-43)
At 6 months (95% CI)t 60% (44-83) 53% (38-73) 21% (9-50) 20% (S-44) 13% (3-46) |
Extracranial progression-free survivalt
Number of patients with disease 11 (46%) 15 (50%) 14 (82%) 16 (76%) 9 (75%)
progression
Median duration, months (95% Cl) 13-8(5:3-NR) 13:8 (49-NR) 25(1:8-NR) 2:6(18-13.8) 26(21-13-6) ‘
At 6 months (95% CI)t 56% (38-83) 51% (35-76) 35% (19-67) 35% (19-64) 19% (5-65)
Overall survival
Number of patients with disease 8 (30%) 13(37%) 8(42%) 12 (48%) 13 (81%)
progression
Median duration, months (95% CI) NR (11-9-NR) NR (8:5-NR) NR (6-9-NR) 185 (6:9-NR) 51(1-8-NR)
At 6 months (95% CI)t 80% (65-98) 78% (65-94) 73% (56-96) 68% (52-89) 44% (25-76)

Treatment-related grade 3/4 AEs occurred in 54 % (combination) and 15% (nivolumab) of
patients, and 26% and 5% of patients, respectively, discontinued due to an AE.




Summary of Results of Immune Checkpoint
Blockade for Melanoma

Checkpoint inhibitor

Ipilimumab

Pembrolizumab

Nivolumab

Nivolumab + Ipilimumab

16 % (Margolin, Lancet Oncol 2012)

22% (Goldberg, Lancet Oncol 2016)

20% (Long; Lancet Oncol 2018)

56 % (Tawbi; NEJM 2018)
46-56 % (LLong; Lancet Oncol 2018)



Improved Risk-Adjusted Survival for Melanoma
Brain Metastases in the Era of Checkpoint
Blockade Immunotherapies: Results from a
National Cohort

J. Bryan lorgulescu™*~, Maya Harary”~, Cheryl K. Zogg™~, Keith L. Ligon'**,
David A. Reardon®’, F. Stephen Hodi“®, Ayal A. Aizer*”?, and Timothy R. Smith*~

Survival (%)

Cancer
Immunology

Research

2018

Immunotherapy
No immunotherapy

B ————————

0 | || |
0 6 12 18 24

Number at risk
Immunotherapy

Yes 86 77 63 52 42
122

No 590 338 215 161

1 | || |

30 36 42 48

Overall survival (mos)

31 19 14 12
86 62 41 28



Future Studies

 Combination of TKI + immunotherapy
* Atezolizumab combined with cobimetinib and vemurafenib
* Ipilimumab with or without dabrafenib, trametinib, and/or nivolumab
* Pembrolizumab plus dabrafenib and trametinib
* Nivolumab in combination with dabrafenib and/or trametinib

e Immunotherapy + RT



Selected Ongoing Immunotherapy Trials in Brain Metastases

NTC Status Phase  Checkpoint inhabitor Tumor type N Treatment groups
number
02662725 Complesad ] Ipilimumab Melmoma 73 Ipdimusmeb plus SRS
OMS4102  Active, mt I Nivolamab NSCLC NA  Owe anm containing paticnts with brain
recrating mctastases treated with avolusmab
monotherapy
02027961 Active, st I Dusvalumab Melmsoma NA  Darvalumab with cither dabmafenib,
recnating tmmctinib, or both
02107755 Actrve, st 1l Ipthmumab Mclamsoma b Ipalumusmab plus SRS
recnating
02115139 Active, st | Ipilimumab Melusoma S8 Ipdimusmeb plus WBRT
reenating
02596035 Active, st v Nivolimab RCC 1%* Nivolumab
recnating
02460068  Recruiting i Ipilimumab and Melmoma 168* Fotemustine
anvolumab Fotemustine plus ipilsmumab
Ipalimusmab plus mivolumab
02621515 Recruiting ] Nivokumab Melasoma N Novolumab
02651549 Recruitimg 1l Pembrolasmab Mclamoma and S3*  Pembeoliaumab plus bevacizumab
NSCLCL
02696993 Recruitimg Fand 11 Ipihmumab and NSCLC S0° Navolumab plus SRS, nnvolunsib plus
anvolusab WBRT,
nivokamab pliss ipthmumab plus SRS,
nivokamab ples ipthmumsh plus WBRT
02858869  Recruiting I Pembroliumab Melmoma and NSCLC 30* Three cohorts with pembrolizumab and three
differemt doses of SRS
02599402  Recruiting m Ipilimumab and Melasoma 615" Novolumab plus spilisemab, nivolumab
nivolusmab akone
02978404  Recruiting | Nivolumab NSCLC and RCC 60" Nivolumab plus SRS
03297463 Recruiting fand 11 Ipilimumab Meclasoma " Ipdimusmeb plus micrleukin-2
02836585 Recruiting ] Pembroliumab Multiple 102* Umntrested brain metastases, progressive,
neoplastic meningitis, metastasis
from melanomsa
03340129 Notyetrecruting 1l Ipthmumab and Mclmsoma 155" Naovolusab plus spilinssmab followed by
anvolumab nivakamab alone, two additional cohons
with same immumothempy, one with SRS,
the odher with WBRT
* Essmased ensoliment

Lauko et al. Curr Neurol Neuroscience Rep 2018;18:70



Radiotherapy +
PD1 Blockade

In situ vaccination by RT +
immunotherapy immunotherapy (IT) and T cell-
mediated abscopal responses
£ 200 Amenican Anocation for Cancer Resssrch
CCR Focus AACGR

Vanpouille-Box et al. CCR 2017

© 2017 Amercan Awocation for Cancer Retoaech

CCR Roviews AAGR |




Radiation and Immunotherapy

 RT can augment the immune response through a variety of
mechanisms

— RT can cause inflammatory cell death, priming the immune system to tumor
derived antigens, converting tumor into an in situ vaccine

— RT can modulate tumor vasculature and enhance T-cell extravasation,
increasing the number of tumor infiltrating lymphocytes

— RT improves recognition and killing of tumor cells by CD8+ cytotoxic T cells
by increasing in a dose dependent manner the number of MHC molecules on
tumor cell surface, by upregulating death receptors, and promoting exposure of
NK cell-activating ligands

Sahebjam J Neuro-Ocol 2017;134:531
Vanpouille-Box CCR 2017
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DLBCL refractory to multiple

therapies showing response to
CD19 CAR-T-Cell therapy

Abramson et al. NEJM 2017;377;8



Peripheral blood Melanoma
mononuclear  Stage IIB/C
Tumour cells Stage IVM1a/b (resectable)
ke N/

« DNA and BNA sequencing to identify
mutations

tumour-specific
o * HLA typing
« Prediction of personalized HLA-
binding peptides
oo ot} Q
synthetic long
peplides Poty-lCLc F’
Personal \
vaccine
manufacture
Prime Boost
Vaccine
administration Hill !
0 4 12 20 24
Weeks
— A el O

Neoantigen Recurrence Anti-PD-1 Clinical
vaccination after vaccination  antibody response

Patient 1 1 e
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An immunogenic personal neoantigen vaccine for
patients with melanoma

Patechk A Ou' % Zhuting Mu'™, Derin B Keskin® ™, Sachet A Shada™, Jing Sun’, Daved 1 Boeyen’, Wandi Zhang'.

Adrienme Luorna®, Anita Gioblee - 1ueder®, Lauren Peter™, Christing Chen’, Oried Olive’, Todd A, Carter®,
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CDK4/ 6 mhlbmon triggers anti- tumour 1mmumty

\I Goel Mally 1 I 0 ‘|||'| C.Wat', Haley Brindones’, Jachn Scencay Ben B LV, Naveod Khae
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e (CDK4/6 inhibitors stimulates production of type III interferons and hence enhances
tumour antigen presentation

e (CDK4/6 inhibitors markedly suppress the proliferation of regulatory T cells
e Synergy with PDI inhibitors

Immune modulation

Suppression of DNMT1 induces viral mimicry, stimulating type 11l IFN ‘ Selective proliferation block in T regulatory cells
production and Increasing antigen processing and presentation in tumors :
“a “a
@ —owr] | €D —o s Example of
A}Qﬂ L d® o F immunotherapy using
O crprosce .-. ..,:..' . T, Col combination of targeted
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Combination of CDK4/6i and PD1 blockade

Combination of CDK4/6
inhibitor abemaciclib and
PD1 antibody produces
complete tumor regression
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CDK4/6 inhibition triggers anti-tumour immunity
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Synergistic antitumor activity with PD1

blockade for breast cancer brain
metastases

Targeting CDK4/6 potentially
integrates targeted
molecular therapy and

immunotherapy
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Summary

e Growing evidence of therapeutic benefit of targeted
therapies and immunotherapies for brain metastases,
especially for melanoma. EGFR mutated NSCLC, and
HER?2+ breast cancer

e Optimal combinations of targeted agents and
immunotherapies, and with RT remained to be defined

e Need for more randomized trials focused on brain
metastases
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Pooled Analysis of CNS Response to Alectinib in Two Studies
of Pretreated Patients With ALK-Positive Non—-Small-Cell
Lung Cancer

Shirish M, Gadgeel, Alice T, Shaw, Ramaswamy Govindan, Leena Gandhi, Mark A Socinski, D, Ross Camidge,
Luigi De Petris, Dong-Wan Kim, Alberto Chiappori, Denis L. Moro-Sibior, Michael Durnissenux, Lucio Cring,
Tomumaso De Pas, Eric Dansin, Antje Tessimer, James Chile-Hsin Yang, Ji-Youn Han, Walter Bordogna,

Sophie Golding, Ali Zeaiter, and Sai-Howng Ignatius Ou

Table 2. Pooled Analysis of IRC CORR and CDCR for Patients With CNS Disease at Baseline
Measurable and/or Nonmeasurable Baseline CNS Disease

Response Measurable Baselne CNS Disease (n = 50) (n = 136)
CNS response rate
v ok
|cosn. % (95% CI) 64.0 (49.2 to 77.1) 42634210514 |
Best overall response, NO )
Complete response 1220 37 127.2)
Partal response 21 420 21 (154)
Stable disease 13 (26.0) 58 (42.6)
Progressive disease 316.0) 12 (8.8)
Missing or unevaluable 24.0 8(5.9)
CDCR
No. 45 116
% (95% CI 90.0 (78.2 t0 96.7) 85.3 :78‘2 10 90.?
|Med|an CDOR, months (95% CI) 108 (7.6 to 14.1) 11.1 (10.3 to NE)
; 7 ooy :
Patients wath event, No. (%) 18 (56.3) 26 (44 .8)

NOTE. Responses evaluated according to Response Evaluation Criteria in Solid Tumors (RECIST) v1.1. Data cutoff for both NP28673 and NP28761 was April 27, 2015,
Abbreviations: CDCR, CNS disease control rate; CODOR, CNS duration of response; CORR, CNS objective response rate; IRC, mdependent review commuttee; NE, not
evaluable
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