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Incidence (%)

Brain metastasis in breast cancer (BC) patients

The incidence of brain metastasis from BC has increased in recent years and varies
according to tumor biology
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FREQUENCY OF BRAIN METASTASIS AMONG
PATIENTS WHO DEVELOPED DISTANT DISEASE

Brain
MNo. of

subtype Patiants MNo. %%
Luminal A 458 35 76
Luminal B 378 41 10.8
HER2 positive, ER/FR positive 117 18 1b.4
HERZ positive, ER/FPR negative 136 39 ZB7
Easallike 159 40 2572
TN nonbasal 109 24 220
P < .0

Kennecke H et al, JCO 2010



Brain metastasis and clinical outcome

Survival Probability

= SUBTYPES AND SURVIVAL IN TWO DIFFERENT TIME PERIOD
Parameter Year of diagnosis p-value
- Median OS months = 7.1 months 2000—2009 2010—2015
Her2 pos: 12.1 (95% Cl 10.2-13.7)
Luminal: 5.5 (95% Cl 4.1-7.1) N (%) N (%)
TNBC: 4.1 (95% Cl 3.1-4.8) N = 507 N = 893
50% p < 0.001 Subtype
TNBC 105 (20.7) 198 (22.2)
Luminal like 144 (28.4) 303 (33.9)
. HER2 positive 258 (50.9) 392 (43.9) 0.0331
N = 623 N = 967
Median overall Months (95% CI) Months (95% CI)
i : ; : — i+ survival 7.6 (6.5-9.2) 5.8 (5.0—6.5) <0.0001
0 12 24 36 48 60 72 84 96 108
0OS from BM, months Witzel I. et al, Eur J Cancer 2018

Mueller V et al, ASCO 2016



Journal of Neuro-Oncology (2018) 138:369-382
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CLINICAL STUDY

Hormone receptors status: a strong determinant of the kinetics

of brain metastases occurrence compared with HER2 status in breast
cancer
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2-year survival

5

76.5% (95%C1 68.4-82.7)

61.8% (95%CI 53.3-69.2)

pvalue

<0.001

Median (years)
—— HERZ+ HR+ 4.4 (95%0 3.4-5.2)
. — HER2+ HR- 2.6(95%0 2.2-3.7)
| — HER2- HR+ 5.3 (95%01 4.6-5.9)
1'. = TRIPLE-NEG. 2.2(95%C1 1.9-2.7)
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Leptomeningeal disease in HR+ breast cancer

Breast cancer is one of the solid tumors most commonly associated with leptomeningeal
disease (LMD)

Survival is extremely short (3.9 months).

Incidence and time to LMD is different among tumor subtypes.

1,0
Characteristics at time LMD diagnosis Pts (%) I Hormone ReceptorStatus N Median time to LMD
28 65.8 mos (43.4-88.2)
Tu mor su btype 1 5 3 ( 100) 087 Hormone receptor positive 73 99.6 mos (83.0-116.2)
HR+/HER2- 78 (5 1) 0,61 Log rank p=0.019
HR+/HER2+ 20 (13.1)
HR-/HER2+ 11(7.2) o
TN 23 (15.1)
0,27
I —
%% 2 4 6 8 0 12 14 16 18 20 22

years




Differences in clinical behavior by tumor subtypes

Clinical features HER2-positive | TNBC

Timing of CNS relapse Continuous
over time

Control of extracranial disease Frequent
at time of CNS relapse

Median OS from time of CNS =12 months
relapse

Leptomeningeal involvement Less frequent

Mueller V. ASCO 2016, Witzel I. Eur J Cancer 2018, Darlix A. J Neurooncol 2018, Lin NU Clin Cancer Res 2013

Tends to be
early

Uncommon

=4-5 months

More frequent
and tends to
be early

Tends to be late

Varies

=~5-6 months

More frequent and
tends to be late



Brain metastasis in breast cancer: therapy

No specific treatment guidelines are available for the management of brain metastasis in
breast cancer, with the exception of HER2+ BC (ASCO Guidelines JCO 2018)

0
O

Small, no critical
location, clinical

asymptomatic
Siniular l up to 4
follow course
Surgery or Radiosurgery under new systemic Surgery or WBRT
T therapy if likely Radiosurgery
consider adjuvan oca X = .
: L fo be brain-active consider adjuvant WBRT
l / Progression \ l
Surgery or Radiosurgery; Surgery or Radiosurgery if <4;
WBRT if multiple Systemic Therapy? (Re-)WBRT

Winkler, ESMO 2018

No systemic agents with a specific indications for treatment of BC brain metastases



Challenges in treatment of BC brain metastasis

The blood-brain barrier: a complex barrier that regulates what enters the brain (drugs,

tumor cells...)

Parenchymal basement

Endothelial b
. . basement
Endothelial T :"? %\J r*( Competence to seed Latent disease = Competence to colonize
cell e % C( e (vears to decades)
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k:_' = {?gr?:strated sinusoids) Bone metastasis
CXCR4, PTHLH,
IL11, MMP1, OPN

{PC(E% & Specific interactions between BBB and tumor cells can
increase extravasation into the brain

Astrocyte Pericyte

Bos PD et al, Nature 2009

CNS parenchyma Antigen-presenting cells

Achrol AS et al, Nat Rev 2019



Challenges in treatment of BC brain metastasis

The blood-tumor barrier and its permeability
HETEROGENEQUS UPTAKE OF #C-PACLITAXEL

Brain
16 ng/g
Met 1
876 ng/g
Met 2
640 ng/g
Met 3
128 ng/g
1,600 - . . .
| Total n =379 = High 4C-paclitaxel uptake Low 4C-paclitaxel uptake
1,400 T
1,200 -
S |
> 1,000 -
£ _
2 800 %
P : = o
g 600 -
= | 21.9%
40 o, 24116 Cleaved Caspase-3
=i 2e10 1923 Is drug penetration the primary reason for resistance to systemic therapy in
0 Lo brain metastasis?

1 1 1 1 1
Brain <(Brain+3SD) <10'Brain >10'Brain >30'Brain >50Brain

Metastases Lockman PR et al, Clin Cancer Res 2010



Challenges in treatment of BC brain metastasis

Differences between brain metastases and matched primary-tumor samples

Chr 7p Amp (EGFR)
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Shared Primary  Brain metastasis

Potentially oncogenic alterations that
contribute to the limited role of systemic
treatment

Clinically actionable target in brain
metastases: need for clinical trials

Brastianos P et al, Cancer Disc 2015



Brain metastasis in breast cancer: clinical trials

CNS involvement required*, 39

Total: 1474 trial

Among 109 early phase studies limited to
HR+/HER2- MBC

e 17 (15.6%) allowed history of CNS
involvement

CNS involvement not allowed __
(CNS imaging required), 6

Need to include brain metastasis

patients in clinical trial

Costa R. et al, Cancer Treat Rev 2017



CNS involvement in BC: systemic therapy

BRAIN METASTASIS

Median OS (95% Cl) Univariate Corrected for BS-
HR o] GPA category

BS-GPA index

3.5-4 18.8 (15.2-22.5)
2.5-3 8.8 (3.8-13.8)
1.5-2 6.2 (2.2-10.2)
0-1 3.6 (0.75-6.4)
Number of local

treatments

0 3.0(1.6-4.3)

1 8.8 (6.1-11.6)

2 21.0(15.0-27.0)
3 35.1(33.0-37.1)

Systemic treatment

received
No 3.1(1.1-5.0)
Yes 13.8 (9.9-17.6)

ref.

1.58 (0.91-2.74)
1.86 (1.04-3.34)
2.97 (1.49-5.93)

ref.

0.50 (0.35-0.72)
0.34 (0.19-0.63)
0.19 (0.07-0.48)

ref.
0.41 (0.29-0.57)

0.014

<0.001

<0.001

ref.

0.52 (0.35-0.77)
0.48 (0.25-0.92)
0.14 (0.05-0.42)

ref.
0.47 (0.31-0.70)

LEPTOMENINGEAL CARCINOMATOSIS

Systemic treatment N Median OS

43  1.2(0.8-1.6)

05 Received 110  7.4(5.0-9.8)

Log rank p < 0.001

0,2

0,0 T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36

months

Griguolo G. et al, J Neuroncol 2017, Oncologist 2018



Systemic therapy for HR+ BC brain metastasis

AVAILABLE STRATEGIES NEW PERSPECTIVES

CDK 4/6 inhibitors

PI3K/AKT/mTor inhibitors

Nanoparticle delivery systems

Immunotherapy




Endocrine therapy

No randomized trials, activity reported in case reports

Endocrine Time to brain | Other Other sites | Duration of CNS
therapy metastasis location response response response

Carey, 1981 Tamoxifen 43 yr 5yr Soft tissue, 14 mo
breast

Colomer, Tamoxifen 56 yr 0 Bone, breast CR PR 34 mo
1988

Pors, 1991 Tamoxifen 68 yr 27 yr Breast PR CR 58 mo
Stewart, Megestrol 56 yr - - PR - 24 mo
1995 acetate

Madhup, Letrozole 48 yr 3yr Bone PR CR 19 mo
2006

CNS involvement is a late event when most patients have already developed hormone
resistant tumors.



Chemotherapy

Case reports/case series and prospective, non-randomized study

l Cross BBB and achieve brain tumor levels

- Capecitabine higher than serum levels

Rivera, Cancer 2006
Ekenel, J Neuroncol 2007

. 91
- Anthracyclines = e |
S L Patient
Rosner, Cancer 1986 el
g c 4 E.:' mm C1
Caraglia, cancer 2007 o 5 in
Linot, J Neurooncol 2014 © = mm C2
] ‘§ i = C3
- Platinum salts E o - ca
Cocconi, Cancer Invest 1990 ] 2 % EE C5
Franciosi, Cancer 1999 % 4 © mm C6
Christodoulou, J Neuroncol 2005 E} mm C7
- Temozolomide < =3

Morikawa A. et al, Neuro Oncol 2015




Chemotherapy: temozolomide

Reference Regimen # breast ca pts
treated

Trudeau T™MZ 19

Ann Oncol 2006

Abrey TMZ 10

J Neurooncol 2001

Siena TMZ 51

Ann Oncol 2010

lwamoto TMZ + vinorelbine 11

J Neurooncol 2008

ORR Arm WBRT Arm WBRT + TMZ
No. of patients (%) No. of patients (%)
WBRT WITH N =50 N =50
CONCURRENT TMZ | cr 0 0

PR 18 (36) 15 (30)

SD 26 (52) 18 (36)

PD 3 (6) 4(8)

Not evaluated 3 (6) 13 (26)

CNS ORR in
breast ca pts

0%
0%
4%

0%

Median OS months

WBRT arm 11.1 (95% CI 8.3-15.3)
WBRT + TMZ 9.4 (95% Cl 7.3-13.4)
p=0.592

Median PFS

WBRT arm 7.4 (95% Cl5.3-13.1)
WBRT + TMZ 6.8 (95% Cl4.6-8.6)
p=0.754

Lin NU ASCO 2017, Cao K.I. Ann. Oncol 2015



CDK 4/6 inhibitors

First-line setting, Al sensitive

Study n PFS CDK4/6 PFS Placebo HR (95%Cl) | Q;;ﬂ:.?fr:_ﬁ"ﬂ_ o
T mieieinte) ey

PALOMA-2 666  24.8 14.5 0.58 (0.46- % : O— @ |

Let +/- Palbolbociclib 0.72) M Go [; I :;T;.HT., :

MONALEESA-2 668  25.3 16.0 0.57 (0.46- = : ) & |

Let +/- Ribociclib 0.70) . |
| ()™ omoee |

MONARCH-3 493  28.8 14.8 0.54 (0.42- : :_W J‘

Al +/' AbemaCiC“b 070) Sammons SL e;/,?urr_Cc;cer_DrZ; Erg;‘-z_ol7

Second-line setting, endocrine pretreated

Study n  PFSCDK4/6 PFSPlacebo HR (95%Cl) ..and patients with brain

PALOMA-3 521 95 46 0.46 (0.36- metastasis?

Fulv +/-Palbociclib 0.59)

MONARCH-2 669 16.4 9.3 0.55 (0.45-

Fulv +/- Abemaciclib 0.68)




CDK 4/6 inhibitors: brain exposure

Activity in intracranial glioblastoma xenograft model

PALBOCICLIB
120+
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s | - : : — L ONTro
: - PD-0332991 - "1 .e-.PD-0332991
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g a0 @
E - 20+
s !
0+ T T T L} J .
0 30 40 50 60 70

Abemaciclib brain levels are reached at lower doses and

target longer than Palbociclib.

Raub TJ et al, Drug Metab Dispos 2015

Michaud K et al, Cancer Res 2010
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Abemaciclib in brain metastasis: JPBO study

Patients with brain metastases secondary to HR+ breast cancer, NSCLC or melanoma

Cohort A: Cohort B: Cohort D:

HR+/HER2+ HR+/HER2- NSCLC
MBC MBC
23 - 56 pts

23 — 56 pts 23 _ 56 pts

¢+ Primary endpoint: OIRRP

¢+ Secondary endpoints:

« CNS ResponseP: BOR, DoR, CER
Peripheral Responset: BOR, CBR
Overall Response: PFS

Safety & Tolerability
PK of abemaciclib

Cohort E:

Melanoma

23 — 56 pts

Exploratory

Cohort F:

HR+ MBC, NSCLC
or melanoma
with leptomeningeal
metastases?

Cohort C
Surgical:
HR+ MBC, NSCLC
or melanoma

8-12 pts 15 pts

Multiple exploratory endpoints

2+ parenchymal brain metastases

Pper RANO-BM®
per RECIST v1.1

Tolaney S. Et al, ASCO 2017



JPBO study: HR+/HER2- metastatic BC

Baseline pts characteristics (N=23) Baseline CNS disease (N= 22) N (%)
Median age (range) 52 (35-69) TARGET CNS LESIONS
AGEEDS EEIE 5 (21.7) 1 lesion 12 (54.4)
KPS lesi
> 90 14 (60.9) 2 lesions 5(22.7)
30 8 (34.8) > 3 lesions 5(22.7)
70 1(4.3)

PRIOR THERAPY FOR TARGET CNS LESIONS
Prior systemic therapy for metastastic disease :

Prior surgery 1(4.5)
1 regimen 5(21.7) .
2 regimens 5 (21.7) Prior WBRT 10 (45.5)
> 3 regimens 10 (43.4) Prior SRS 6 (27.7)
Endocrine therapy 17 (73.9) Baseline peripheral disease (N =21) | N (%)
Chemotherapy 15 (65.2) Visceral 14 (66.7)
1 regimen 4(17.4)
2 regimens 6(26.1) Bone only 4 (17.4)
> 3 regimens 5(21.7)
Immunotherapy 3(21.7) Visceral + Bone 8 (381)
Other 10 (43.5)

Other 9(42.9)



% Change from Baseline

JPBO study: HR+/HER2- metastatic BC

CNS Response Peripheral Response
Patients withResponse N=23 Patients with Response® N=13
OIRR n (%), (95% CI) 2 (8.7).(0.0, 20.2) = ooy 5
CR n (%) 0 CR n (%) 0
PR n (%) 2 (B.7) PR n (%) 0
SD n (%) 10{43.5) SD n (%) 6 (46.2)
SRR LEL . SD* 26 months n (%) 1(7.7)
PD or early death n (%) 8 (34.8) PD n (%) 2 (15.4)
CEBR n (%) (95% CI) 4 {17.4), (1.9, 32.9) CBR n(%), (@5%Cl) 1 (7.7), (0.0,22.2)
100 50 -
75 40 ~
& 30
50 =
0 e e e e e e e e e s e e g e
@
25 1]
E
o] 5
0 =
g’ . -_-_-_..
25 &
5 -20 A
-50 1 BcRr + Received concomitant endocrine therapy s 4 B N e T T R e T R TR T
fsD o Tumors previously treated with WBRT l CR
| I PR £ Tumors previously treated with SRS 404 Wsh .
e i N Median PFS 4.04 months
B PD
-100 - NE Tolaney S. Et al, ASCO 2017




JPBO study: leptomeningeal disease

Patients with brain metastases secondary to HR+ breast cancer, NSCLC or melanoma i
Duration of Treatment

Exploratory

322

Cohort Cohort Cohort Cohort C Cohort F (M=17):
A B: D: Surgical: Leptomeningeal

HR+HER HR+/HER NSCLC
2+ MBC 2-MBC

2

HR+ MBC, HR+ MBC, NSCLC,
NSCLC or melanoma
melanoma HR+ HER2- MBC [n=T)

-
==}
i

-
=2}

\% Upper gastrointestinal hasmorrhage, grade 4

o
=]

Meutrophil count decreased, grade 3

Multiple exploratory
endpoints

.
Fa

E— _

Concomitant parenchymal
intracranial lesion=5 pts (71%)

Fatient Treatment Duration (days)

Baseline Characteristics

%]
[=]]

HR+ Breast Cancer with LM (N=7) Pt1 Pt2 Pt3 Pt4d Pt5 Pté6 Pt7

Age (in years) 53 41 39 54 60 57 47

o 86 M2 88 224 280 336 302 " 448
Race White White White White White White NA Days on Treatment
Radiotherapy prior to IC target lesion
SRS-treated Yes NA Yes NA MNA NA  Yes FTreatmentdiscontinuaﬁun due to adverse event & CR Intracranial Best Response
* Progressive disease O -
WBRT Yes NA No NA NA NA  Yes : 5D Intracranial Best Response
<» PD Intracranial Best Response M SD Exiracranial Best Response
Prior chemotherapy for metastatic
disease
MNumber of regi MA 23 23 2 0 23 =3 H -
aelilis Median OS = 8.4 months (95% Cl 3.3, NE)
Steroid use at time of enrollment NA Yes Yes NA Yes  Yes Yes

Tolaney S. Et al, SABC 2018



PI3K/AKT/mTOR inhibitors

Mutations of PI3K/AKT/mTOR pathway occurred frequently in brain metastases from breast

cancer

PI3K/AKT/MTOR inhibitor
Mutations/Mb. ‘2@

Clinical HER2 primary | [N
Primary histology

PTEN i
§ Shared MET
B Detected in brain-metastasis sample PIK3CA H
B Detected in brain-metastasis sample (CCF < 1) NF1 I
B Detected in primary-tumor sample AKT2 ‘f H
B Detected in primary-tumor sample (CCF < 1) STK11
FBXWT7
E Breast cancer (21) NF2 l
PIK3R1
TSC2 | |
EE EEEEE g o o e e EEEEE EEEEEE
bttt b R L L RE b L E R R
00 =L =t — Loa s Ve AN~ o e I el Tl e e s st e = o400 — = oy
B R S e R R e e s
[slsl=l=l=lsls]lsls]lsl=T=l=lslsls]lsls]lsf=l=l=lslsls]ls]sl=T=0=]a]ls]sls]s]s]="

Brastianos P et al, Cancer Disc 2015

No published data for EVEROLIMUS in HR+ breast cancer brain metastases

Everolimus penetrates the BBB
- FDA-approved to treat intracranial subependymal giant cells astrocytomas associated with tuberous sclerosis.

Ongoing trial exploring efficacy of mTOR/PI3K inhibitors




1. Prolong systemic circulation

2. Cross the BBB
3. Enhance perm
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ETIRINOTECAN PEGOL

EP is a next-generation

long-acting topoisomerase-1

transcytosis

inhibitor

designed to improve the PK and distribution of SN-38.

Improved survival in preclinical intracranial tumor model compared

with conventional irinotecan

Perez EA et al, Lancet 2015
Patel T et al, Adv Drug Deliv Rev 2012



BEACON phase 3 study

/Locally recurrent or

metastatic breast cancer

(n=852)

« Prior treatment with
anthracycline, a taxane,
and capecitabine

« ECOG PS 0-1

» 2-5 prior chemotherapies
for advanced disease

! allowed

« Stable brain metastases

~

A

Single-Agent
Etirinotecan Pegol

145 mg/m? every 3 weeks
(n=429)

Single-Agent Treatment of
Physician’s Choice (TPC)
Docetaxel, eribulin, gemcitabine,
ixabepilone, nab-paclitaxel,
paclitaxel or vinorelbine

(n=423)

Etirinotecan pegol

67 pts with brain metastases

HR (95% CI) 0.511 (0.304, 0.858)
Log-rank P=0.0099 EP=10 mo (95% Cl 7.8-15.7)

-  TPC=4.8mo (95% CI 3.7-7.3)

1.0+
=
= 0.8
Primary Endpoint O 0.6
= Qverall Survival E
Secondary Endpoints — .4 -
» PFS, ORR, CBR, g
DoR, HRQoL E
Exploratory Endpoints rﬂ 0.2
« PD Markers in CTC, others
00—

6 9

L=
[

ATTAIN phase 3 study

Etirinotecan Pegol
145 mg/m? g21d

12 15 18 21 24 27 30
Months from Randomization

Triphaty D, ASCO 2017

EUROPEAN MEDICINES AGENCY

SCIENCE

o Tarcet PD or Safety and
=1 TAIge arichcll survival follow-up e
hi=a criterion (every 12 weeks) (etlrantecan peQOI)

TPC*
* Eribulin
* [xabepilone
* Vinorelbine

* Gemcitabine
* Paclitaxel

* Docetaxel

* nab-paclitaxel

Outcome of re-examination

on 9 November 2017.

MEDICINES HEALTH

Refusal of the marketing authorisation for Onzeald

On 20 July 2017, the Committee for Medicinal Products for Human Use (CHMP) adopted a negative
opinion, recommending the refusal of the marketing authorisation for the medicinal product Onzeald,
intended for the treatment of advanced breast cancer that has spread to the brain. The company that
applied for authorisation is Nektar Therapeutics UK Limited.

The company requested a re-examination of the initial opinion. After considering the grounds for this
request, the CHMP re-examined the opinion, and confirmed the refusal of the marketing authorisation



ANG1005

i Paclitaxel linked to Angiopep-2 that cross the BBB
Paclitaxel (x3) O .-u o e and the BCB via the LRP-1 transport system.
@/\)\ ﬂ[-[t_i 0dc he K
Succinyl Linkers f il "L ANG1005-CNL-04: phase Il study in breast cancer
o

0

ot wwﬂ\fﬁmm} brain metastasis +/- leptomeningeal disease

Angiopep-2 (peptide)

" LC pts (N =23)

Product- Limit Survival Estimate

1.0 + Censored
Outcome by 1
CNS RECIST = = = . 08-
PR 9 (16%) 5 (18%) 4 (13%) 2 (17%) = e
(confirmed) 3 (5%) 2 (7%) 1 (3%) - z
SD 32 (55%) 18 (64%) 14 (47%) 5 (41%) 3 L
PD 17 (29%) 5 (18%) 12 (40%) 5 (42%) s LLW_,_,
Pt. Benefit 41 (71%) 23 (82%) 18 (60%) 7 (58%)
B0 T T T T T
i 20 40 &l &0

Tang SC et al, ESMO 2016

Weeks

Median OS = 34.0 wks/7.9 months (95% Cl 23.4-40.9 wks)



a N

HERZ2- breast cancer
with newly diagnosed
LC and previously
treated EM

N=150

Randomization 1:1

\ ¥

ANGLeD: phase lll study

-

B

ANG1005:
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unaccepiable toxicity,
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Primary Endpoints
= OS5 for ANG1005 vs. PBC
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(>SD) at 3, 6, 12 months
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- LC RR and duration of
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« OS5 for TNBC patients
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Immunotherapy

BCBM phenotypes % (100) PDL-1 expression 53%

HR-/HER2- 24 29 PDL-2 expression 36%
HR+/HER2- 16 19 Not related to BCBM phenotype
HR+/HER2+ 19 23
HR-/HER2- 24 29
Unknown 1 1

10 - | 1 - . | " HR 0.46 (95%Ct: 0.25-0.86)

08 s,t i P=0.02
g 33 ?’ 8 Median OS months
Bosl % & Eg'i po“ié-g (g-é'zg-? Role of checkpoint inhibitors in HR+
= L 2| » - = : U- " . .
L ial - . T ( ) breast cancer brain metastasis?
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Time (months)

Duchnowska R. Et al, Breast Can Res 2016



Checkpoints inhibitors in brain metastases

e o . . Trial Drug(s) Phase N (ITT) Disease PD-L1 § CNS Median CNS Median PFS Median OS
Activity in brain metastases from = Bl
NCT00623766  Ipilimumab 10 ma/kg g3W x 2 51  Melanoma NA 16% (8/51) 1.6 1.4 7
N SC LC a n d m e I a n O m a 4 doses, then 10 mg/kg (asymptomatic BMs)
qi2w
21 Melanoma NA 5% (1/21) 1.2 1.2 a7
(symptomatic BMs or
on steroids)
MNIBIT-MA1 Ipilimumab 10 mafkg g3W x 2 20 Melanoma NA 40% (8/20) 3 45 134
4 doses, then 10 mg/kg (asymptomatic BMs)
q12W 4 fotemustine 100
mg/m2 g3W
MNCT02085070 Pembrolizumab 10 mg/kg 2 18  Melanoma Any 22% (418) not reported not reported NR
q2w
18 NSCLC = 1% 33% (B18) not reported not reported 1.7
CheckMate 204  Nivolumab 1 mg/kg q3W + 2 75 Melanoma Any 56% (42/75)] not reported not reported not reported
Ipilimumab 3 mg/kg g3W
NCT02374242  Nivolumab 1 mg/'hkg g3W + 2 35 Melanoma Any 46% (16/35) NR 13.8 NR
Ipilimumab 3 mg/kg g3wW (asymptomatic BMs)
Nivolumab 3 mg/kg g2W 25  Melanoma Any 20% (5/25) 25 26 185
(asymptomatic BMs)
Nivolumab 3 mg/kg g2W 16  Melanoma Ay 6% (1/18) 2.3 26 5.1
(symptomatic BMs,
failed local therapy)

Activity Of nivolu ma b in MRCC 868PD Brain objective response (modified RECIST)
. . Untreated (N=33) Prior focal treatment (N=39) Overall (N=72)
untreated or previous treated brain

_ . Missing 3** S g
metastases: NIVOREN trial - G o S
PR 0 (0.0%) 4(11.8%) 4 (6.3%)
5D 12 (40.0%) 16 (47.1%) 28 (43.8%)
FD 14 (46.7%) 11 (32.4%) 25 (39.1%)

Kamath SD, Front Oncol 2018
Flippot R, ESMO 2018



Immunotherapy: challenges in brain metastasis BC

To date, no published data of checkpoint inhibitors in brain metastases from breast cancer

Checkpoint inhibitors in HR+/HER2- BC:

Pembrolizumab has a modest but durable overall
response in heavily treated HR+/HER2— BC pts PD-
L1-positive.

Integration of radiotherapy with

immunotherapy: possible activity in BC brain
metastases?

100 —— On-treatment responder
o —-— Discontinued responder
o 7 —-- Discontinued nonresponder
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Take-home messages

Because of the improvements in the treatment of HR+ breast cancer, brain and
leptomeningeal metastasis have become one of the major limitation of life expectancy and
quality of life.

Systemic treatment has an impact on post-BM survival: multidisciplinary approach is
essential.

The landscape of systemic treatment for advanced HR+/HER2- BC patients is rapidly evolving
(i.e. CDK4/6i, PI3K/AKT/mTORI): the effect on BM of these new therapies is largely unknown.

Promising studies also including new drugs are ongoing specifically for patients with BM and
may hold promises for HR+/HER2-: abemaciclib, nanodrug-delivery systems (ANG1005),
checkpoint inhibitors.

There is an urgent need to include patients with CNS metastasis into large clinical trials in
order to investigate signals of activity.



