Oncological point of view
in breast and lung cancer
brain metastases

Enrico Franceschi

Department of Medical Oncology
Azienda USL - IRCCS Institute of Neurological Sciences
Bologna - Italy




i1 SERVIZIO SANITARIO REGIONALE
RN S0
R H

2. EMILIA-ROMAGNA
Il Azienda Unita Sanitaria Locale di Bologna

Istituto delle Scienze Neurologiche
Istituto di Ricovero e Cura a Carattere Sci

Brain metastases

@ﬁs
50% w 20%

~
N

Lung cancer

Breast cancer



+- SERVIZIO SANITARIO REGIONALE

Istituto delle Scienze Neurologiche
Istituto di Ricovero e Cura a Carattere S

2572 EMILIA-ROMAGNA
Azienda Unita Sanitaria

Scientifico

What distinguishes brain metastases from other
metastatic sites ?

No lymphatic vessels, all metastases are hematogenous
Cerebral blood flow 750-1000 ml/minute
Symptoms devastating (depending on location)

Predilection for brain metastases from
— Melanoma, renal cell cancer, breast cancer, lung cancer
* Reasons largely unknown or speculative

Blood-brain barrier
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Not all BMs are created equal

Jouryat oF Cunican ONeoLoGy SUWi"u"EE T| me

(months)

Summary Report on the Graded Prognostic Assessment: An No. of

e et Diagnosis  Median 95% Cl Patients
NSCLC (700 ) 65310750 1,833
SCLC 490 | 43010 6.20 281
Melanoma 6.74 | 5.90to 7.56 481
HCC 9.63 7.66 to 10.91 286
Breast cancer | 13.80 |11.531t015.87 400
Gl cancer 536 | 430t06.30 209
Other 6.37 b.22 to 7.459 450
Total \ /.16 ) 6.83to /.b2 3,840

Heterogeneous Outcomes
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Clinical factors affect survival

GPA Score 0-1.0

GPA Score 3.54.0

Survival Time

Survival Time

(months) Patients {months) Patients o
Diagnosis  Median 95% ClI No. % Median 95% ClI No. % (log-rank

NSCLC 302 263t0384 264 14 1478 11.80t018.80 161 9 <.001
SCLC 279 183t0312 65 23 17.06 470102743 13 5 < .001
Melanoma 338 28B3to427 84 17 13.23 9.131015.64 112 23 < .001
RCC 327 204t0510 43 15 14.77 9.73t019.79 63 22 < .001
Breast cancer 335 3.13t0378 23 6 2530 23.10t026.51 133 33 < .001
Gl cancer 3.13 237t0457 76 36 13.54 9.76t027.12 18 9 =.0017
Other — — — — — — — — —
Total 310 283t034h b4dh 16 16.73 146b1018.80 500 14 < .001
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The oncological point of view
When we treat brain metastases:

« Two concomitant diseases: systemic and intracranial

« Competing risks of CNS progression and of extra-CNS
progression
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The oncological point of view
When we treat brain metastases:

« Intracranial disease more rapidly lethal if untreated

Presence of intracranial disease is a control limiting
event




Potential limitations to the use of target
therapies for brain metastases

* Blood brain barrier
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Blood-brain barrier (BBB)

« Covers 600 km of capillaries

« Physical, chemical and Cancer cell
metabolic barrier that ,
segregates blood from CNS fluid

» CNS protection against
pathogens and toxins

* Molecules with a molecular \ \blood vessel
weight over 500 D not cross

BBB (98% of drugs)




ss--. EMILIA-ROMAGNA
Azienda Unita Sanitaria Locale di

Istituto delle Scienze Neurologiche
Istituto di Ricovero e Cura a Carattere Sci

Potential limitations to the use of target
therapies for brain metastases

* Blood brain barrier
* BBB is heterogeneously disrupted in cancer
* Enhancing lesions on MRI indicate BBB partial
disruption
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BBB permeability in brain metastases is heterogeneous

Non-permeable brain metastasis Permeable brain metastases

Start with treaiment

404
81 = -
£ 1] . | um
¥ g E 5 2 ]
: $m G
g . s 8 ° &
3 a - aol”
7 -
% T
£ - 3 & 1 20 ;
§ = 2 a1 g )
C 1 ® 2 é T o o
* stert coc0880 & &
Only penetrating drug inhibits brain Penetrating AND non-penetrating drug
metastasis growth inhibit brain metastasis growth

Osswald, Clin Cancer Res 2016
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BBB permeability in brain metastases is heterogeneous

Non-permeable brain metastasis Permeable brain metastases
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Only penetrating drug inhibits brain Penetrating AND non-penetrating drug
metastasis growth inhibit brain metastasis growth

It is crucial to have agents that =~ Ossweld Clin Cancer Res 2016

penetrate in brain metastases
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What do you consider as success in
the treatment of brain metastases?
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What do you consider as success in
the treatment of brain metastases?
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What do you consider as success in
the treatment of brain metastases?

A) responses in 30% & survival
similar to pts wthout BMs
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What do you consider as success in
the treatment of brain metastases?

A) responses in 30% & survival
similar to pts wthout BMs

b) responses in 50% & survival
similar to pts wthout BMs
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What do you consider as success in
the treatment of brain metastases?

A) responses in 30% & survival
similar to pts wthout BMs

b) responses in 50% & survival
similar to pts wthout BMs

c) responses in >50% & survival
increased (2x)



Hit the molecular target and not the
site of the disease

The essential is
invisible to the eye

Antoine de Saint-Exupéry
The Little Prince



+: SERVIZIO SANITARIO REGIONALE
ss--. EMILIA-ROMAGNA
I Azienda Unita Sanitaria Loc i Bologna
Istituto delle Scienze Neurologiche
Istituto di Ricovero e Cura a Carattere Scientifico

Anti HER-2 therapies in breast cancer
revolutionized also the vision of BMs

Just when you think you know something,
you have to look at in another way

From Dead Poets Society
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CNS metastases in breast cancer

* Younger age (<50 years)
* ER-negative status
e HER2-positive disease
— 2-4 times increased risk

— Significant risk factor for CNS relapse
\__" P Y,
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Recommendations on Disease Management
for Patients with Advanced HER2-Positive
Breast Cancer and Brain Metastases

ASCO | (SUIDELINES

‘ Clinical Tools and Resources

Clinical Practice Guideline

* Up to 50% of patients with HER2-positive metastatic breast cancer
develop brain metastases over time

* Paucity of guidance for patients in this setting

www.asco.org/guidelines/ © American Society of Clinical Oncology®. All rights reserved.


http://www.asco.org/guidelines/
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Survival of brain metastases of HER2+ breast cancer

depends on:

Table 3. Multivariable proportional hazards analysis of survival after CNS metastases (n = 377)

HR (95% CI)

Treatment received after first CNS event®
Trastuzumab® (n = 258)
Chemotherapy (n = 262)
Surgery (n = 29)
Radiation therapy (n = 269)
Cancer stage at initial dx
Stage Il (MBC dx <12 mo after initial dx) vs. stage IV
Stage Il (MBC dx >12 mo after initial dx) vs. stage IV
ECOG PS at MBC diagnosis
>2vs.0or1
Unknown or missing vs. 0 or 1
Age, vy
Hormone receptor status
Positive vs. negative
Unknown vs. negative
CNS disease at MBC dx (yes vs. no)

0.33 (0.25-0.46)
0.64 (0.48-0.85)
0.63 (0.39-1.02)
0.98 (0.75-1.30)

1.41 (0.95-2.10)
0.96 (0.72-1.27)

1.83 (1.14-2.96)
1.12 (0.86-1.46)
1.01 (1.00-1.02)

0.80 (0.63-1.03)
1.04 (0.61-1.76)
0.50 (0.36-0.71)

Role of
effective
treatments
in HER2+
BMs

<0.001
0.002
0.062
0.898

0.091
0.767

0.013
0.405
0.162

0.088
0.888
<0.001

Brufsky , Clin Cancer Res 2011.
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A 10- 1.0
——— Chemotherapy . — Chemotherapy with HER2 targeted agents
0.8 -------- No Chemotherapy 08 I : ~—---—— Chemotherapy without HER2 targeted agents
H I No chemotherapy
= 0.6 06 L
z I
S .
= . p<0.001
? 04 04|
- 1 77777
0.2 0.2 |
p<0.001 .
0.0 T T T T T 71 0.0 1I;'|1"-'E":'r7
0 2 4 6 8 10 12 14 0 6 12 18 24 30 36 42
Survival After CNS metastasis Survival After CNS metastasis

(years) (months)

Kim JNO 2012
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Anti-HER2 treatments work

No trastuzumab

1.0 =

== Trastuzumab

0.8 =
Trastuzumab

) (N = 258)
® 0.6m
2 . Median survival (months) 3.7 17.5
= HR (95% Cl) 0.25(0.20-0.33)
> 0.4 Log-rank P value <0.001
s L
> .
>
wv

0.2 =

0.0

| I | I 1 1 1 1 1 1 1
0 4 8 12 16 20 24 28 32 36 40 44
Survival after CNS (months)

* Trastuzumab after diagnosis of CNS metastases improved OS

Brufsky , Clin Cancer Res 2011.
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Anti-HER2 treatments work

Patients (n=44)

. RR=65%

=807 reduction

Lapatinib plus capecitabine in patients with previously S 00W il o
untreated brain metastases from HER2-positive metastatic e oy DCR=79%

breast cancer (LANDSCAPE): a single-group phase 2 study Progression” 7{16%)

. Mesta faranez. Ermbe e
e Musc Femver

vipse Lo Clave T patlents had progeession oiitside of the CNS

Table 3: Objective CNS response in assessable patients
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Anti-HER2 treatments work

i = BT 2 : : Meta-analysis
The efficacy of lapatinib and capecitabine in HER-2

P CSa s g e gy s R Bachelot/2012 = ——
pogﬂn@ breast cancer w1tl? brain metastases: A systematic Lin/2008 [
review and ]}OUICCI alla]}’ﬁlﬁ Lin/2009 e ——
Metro/2011 = —————
Fausto Petrelli “*. Michele Ghidini ". Veronica Lonati . Ro/2012 [ ———
Gianluca Tomasello ", Karen Borgonovo . Mara Ghilardi *. Shawky/2014 x e —
Mary Cabiddu . Sandro Barni Sutherland/2010 E ———
Lin/2011 -
Boccardo/2008 = ———
Total (random effects) = st
. '] ] '] '] ']
Large analy5|s 00 02 04 08 08

12 studies , 799 pts Proportion
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Anti-HER2 treatments work

Patients {ne44)
=80% reduction 9{20%) - 0,
Lapatinib plus capecitabine in patients with previously S 00W il 20{45%) RR=65%
untreated brain metastases from HER2-positive metastatic e ey DCR=79%
breast cancer (LANDSCAPE): a smgle group phase 2 study Progression” 7{16%)

Wen T patlents had progeession oiitside of the CNS

o, Menko Comp
¥ Gorgubses. M

e i, Clabve Cropet
4 JemsMuuc T

e fullen Doment, Misge Catierres, Her

Tuble 3: Objective TN response in assessable patients

r-; sclian time o IS as first site of -\ (— Median Overall Survival -'\

@Un - — Partuzumab, trastuzumab, docetaxel
Original articles v 2 gg: -\II\ — Trastuzumab, docetaxel, placebo

& 7 )

i 2 2 504 HR 0.58
Incidence of central nervous system metastases in ESD 95“‘}?': S
patients with HER2-positive metastatic breast cancer S0
treated with pertuzumab, trastuzumab, and docetaxel: i ;g:
results from the randomized phase Il study CLEOPATRA E“”‘ [
1 i 4.4
S M. Swain'™, J, Baselga?, 0 Mies?, Y-H, In?, ©. Cuakf, L, F Lee? & J. Ca [ T " 1 E T T T ; I ,
o i i 15 0 2R 30 35 40 45 s '3 o &
Time (months)
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* Total Blockade of HER2 May Provide Greater
Antitumor Activity and Overcome Resistance

Pertuzumab

Trastuzuma
b &
¢

OO0

e
i gl
g

{
0
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original articles e s

Incidence of central nervous system metastases in
patients with HER2-positive metastatic breast cancer
treated with pertuzumab, trastuzumab, and docetaxel:
results from the randomized phase lll study CLEOPATRA

S. M. Swain'", J. Baselga?, D, Miles?, Y.-H. Im*, C. Quah?, L. F. Lee® & J, Cortés®

e ———

== Pertuzumab, trastuzumab, docetaxel
= Trastuzumab, docetaxel, placebo

* Exploratory, post hoc analysis

* Incidence of CNS metastases as first
HR 0.58 site of PD was similar between

95% CI1 0.39, 0.85 treatment arms
p = 0.0049

PHT 55 54 42 27 17 10 6 1 0 0

i HT 51 45 28 16 6 4 3 0 0 0 ‘

Swain S, et al. Ann Oncol 2014; 25:1116-1121.
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original articles

Incidence of central nervous system metastases in
patients with HER2-positive metastatic breast cancer
treated with pertuzumab, trastuzumab, and docetaxel:
results from the randomized phase lll study CLEOPATRA

S. M. Swain’", J, Baselga?, D, Miles?, Y.-H. Im#, C. Quah®, L. F. Lee® & J, Cortés®

* Exploratory, post hoc analysis
100+ ——— Pertuzumab + frastuzumab + docetaxel
Placebo + trastuzumab + docetaxsl
£ 804 HR=0.66 (95% CI, 0.39-1.11) — Median _OS In patients VYIth CN_S
z P=0.1139 progression was numerically higher
F=1 .
£ 60+ with pertuzumab treatment
s — compared with placebo (34.4
£ 40+ months vs 26.3 months)
g
[F)
& 20
* Supports further investigation of
34.4 .
0 . . T . . . . . . pertuzumab and trastuzumab in
0 b 10 15 20 25 30 35 40 45 . .
Time (months) patients with CNS metastases

Swain S. et al. Ann Oncol 2014: 25:1116-1121
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Clinical factors affect survival

GPA Score 0-1.0

GPA Score 3.54.0

Survival Time

Survival Time

(months) Patients {months) Patients o
Diagnosis  Median 95% ClI No. % Median 95% ClI No. % (log-rank

NSCLC 302 263t0384 264 14 1478 11.80t018.80 161 9 < .00
SCLC 279 183t0312 65 23 17.06 470102743 13 5 < .001
Melanoma 338 28B3to427 84 17 13.23 9.131015.64 112 23 < .001
RCC 327 204t0510 43 1b 9.73t019.79 63 22 < .001
Breast cancer 335 3.13t0378 23 6 |25.30]23.10t026.51 133 33 < .001
Gl cancer 3.13 237t0457 76 36 13.54 9.76t027.12 18 9 =.0017
Other — — — — — — — — —
Total 310 283t034h b4dh 16 16.73 146b1018.80 500 14 < .001
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Anti-HER2 treatments work

Lapatinib plus capecitabine in patients with previously
untreated brain metastases from HER2-positive metastatic
breast cancer (LANDSCAPE) a smgle group phase 2 study

Fhorsas Boshelet, G4
ewnYoes Aerqu, Ao

Marko Campe
orgubes, Muhwe Lehe

orvgue s, Clave Cn

eta farnez. Ermbe Le B
e Mo Femver

witen fuben Dorron

atherne Lobbr Devliers

original articles

Incidence of central nervous system metastases in
patients with HER2-positive metastatic breast cancer
treated with pertuzumab, trastuzumab, and docetaxel:
results from the randomized phase Il study CLEOPATFIA

S M. Swain'", J. Bas

[, Milea®, ¥ -H, I, ©. CQuah?, L, F Leef & J Co

Trastuzumab emtansine (T-DM1) versus lapatinib plus
capecitabine in patients with HER2-positive metastatic
breast cancer and central nervous system metastases:
a retrospective, exploratory analysis in EMILIA'

| E Krop'™, N, UL Ln', K. BlackwelP, E Guarding?, J. Huobe
M. Wislslau” & W, Didras®

T, M. Lud, D. Miles®, M. Sarmant®,

Patients {ned4)
=80% reduction o {20%)
50-<80% reduction 20 {45%)
20-=50% raduction & {14%)
O 20% reduction 2[5%)
Progression” 7 {16%)

*Twex parlerits had progeession outside of the CNS.

Tahle 3: Gbije NS responss in
r-; sclian time o IS as first site of -\ (— Median Overall Survival -'\
200 — Pertuzumab, trastuzumab, docetaxel
904 \ = Trastuzumab, docetaxel, placebo
= o0 - L 5
8 70 - =z
E-1 s
B 50 - s HR 0.58 |
& a 05%C) 030 - 085 E
8 50 Y p=00045
< 40 £
50+
& 204 i 8
%1 0+ ]
£ oo—r1 —
05 10 15 20 25 30 3 4D 45
\_ Time (months) J \_

RR=65%
DCR=79%

Pregsartion progression-fres

2 04 6 8 W ®

L

/-1 Overall survival in patients with CNS disease at baseline (n=95) ==\
1.0 — Capecitabine + lapatinib

- T-DM1

w 0.8

2

2

2 06

c

K]

£ 041

g Stratified HR 0.382
& 024  95%Cl0.184-0795

p=0.0081

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36|

Time {manths)

Duration of survival (months)
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Trastuzumab emtansine (T-DM1) versus lapatinib plus
capecitabine in patients with HER2-positive metastatic
breast cancer and central nervous system metastases:
a retrospective, exploratory analysis in EMILIA'

I E Krop'®, N, U
I, Wkl & W

* T-DM1is an antibody drug-
conjugate.

¢ Trastuzumab linked to a potent
chemotherapy (DM1).

lachwel, E Guarding®, J. Huotoer! T, M. Lu8, D. Miles®, M. Sarmant®,

* Average of 3.5 DM1 per antibody.

(-1 Overall survival in patients with CNS disease at baseline (n=95) N

1.04 Capecitabine + lapatinib

= T-DM1

ow 0.8+

e

2

£ 0.61

w

[=3

o2

£ 0.4

s Stratified HR 0.382
& 0.2+ 95%Cl: 0.184 - 0.795

p = 0.0081

L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Duration of survival (months)
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Anti-HER2 treatments work
But pay attention!

= in patients treated with T-DM1: a report

Expansive hamatema in delayed eerabral radiation necros
of two cases
Mitzuyn K. et al BMC Cancer. 2016 Jul 416391

A patential enhancement of RN by T-DMI (n the brain may be ane of importont adverse events associated with the
werof T-OM1 for potients ofter SRS,

Case presentation:
+ T patents with HERZ-positive breast cancer had recelved SRS for single braln metastass mare than S-yeirs ago.
They had been heavily treated for HERD-positive metastate breast cancer (trastuzimab and pacritassl, lapatinib
and capecitabine)

5 years after stereotactic iradiation, when a

fon progresive syy
agnized on brain MR image

lesian repr . n fisaue, necrosis o

The triggering rale of T-OM1 in the induction of these lesions s supparted by a chronolagical rel
lesion development and T-DM1 expoaure

Okines, A et
Development and responses of brain metastases during treatment with T-DM1 for
HER2 positive advanced breast cancer: A single Institution experience.

Broast J. (2017). doki10.1111/tbj. 12906

Geraud, A, Ku, H, P, Beuzeboc, P. & Kirova, ¥. M,

Preliminary experience of the concurrent use of radiosurgery and T-DM1 for brain
in HER2-positi breast cancer.

1, Newreoneel, 131, 69-72 (2017}

55 paticnts were treated with T-DM1 This Is preliminary study assessing the efficacy and safery of concurrent use of radistion therapy (AT)
and T-DM1 for the treatment of brain metastases (BM) in patients with HER2-postive metastatic
L6 patients w b ment = - breast cancer (BC).
patients [62.5%] received WaR1T (" coONCLISIONS i
the development of new brain disease on | 12 patlents treated for BM at the institut Curle in 2014-2015 with T-DM1 and concurrent (4} or
T-OM1 was more comman than previously | seguentisl (8] radiosurgery with or withcut whole brain irradiation,
reported, and survival from disgnasis with |
HYMPIOMALIC Progression was poor. Radiation necrosls was observed In 50% of patients in the concurrent group and 28.6 % of patlents in
3 of the 23 patients (13 0%) with basefine or new brain -~ ~ the sequential group with a similar rate of oedema in the two groups.

hemonhage

The combination of T-DM1 and radicsurgery is feasible but can increase the incidence of radiation
necrosis,
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Anti-HER2 treatments work
But pay attention!

Expansive hamatoma in delayed cerabral radiation necrosis in pationts treated with T-DM1: a report
of two cases
Mitzuyn K. et al BMC Cancer. 2016 Jul 416391

twain may be ane of importont adverse events associated with te

with HERZ-pasitive breast cancer had recelved SAS fo

gle braln me
ate breast cancer {frastuz

stis mire tham S-years ago.
b and pacritassl,

+ They had been heavily treated for HERJ-posithe met
and capecitabine)

11 therag 5.5 years after sterectactic irradiation, when s

red on brain M

TDM1 - Signals of radionecrosis and hemorrage

e ate

ve 3yy

of each

Okines, A et
Development and responses of brain metastases during treatment with T-DM1 for
HER2 positive advanced breast cancer: A single Institution experience.

Broast J. (2017). doki10.1111/tbj. 12906

Garawd, A, Xu, H. B, Beuzebos, P. & Kirova, ¥. M,

Preliminary experlence of the concurrent use of radiosurgery and T-DM1 for brain
5 in HER2-positi breast cancer.

J. Newrooncol, 131, 69-72 (2017}

Th

preliminary study a ng the efficocy and safety of concurrent use of radistion therapy (AT}
M1 for the trestment of brain metastases (BM) in patients with HERZ-positive metastatic

55 patients were treated with T-DM3

- - breast cancer (BC).
( CONCLUSIONS b
the development of new brain disease on 12 patients treated for EM at the institut Curie in 2012-2015 with T-DM1 and concurrent (4] or
T-DM1 was more comman than previously suguential (8] radiosurgery with or without whole brain irradiation,
reported, and survival from diagnosis with |
| SYMPoOMAtic progression was poor. Radiation necrosls was observed in 30% of patients in the concurrent group and 28.6 % of patients in
3 of the 23 patients (13.0%) with ba: -~ ~ the sequential group with a similar rate of oedema in the two groups.

ntra-cr

disease developed sgnil
A with parenchy

The combination of T-DM1 and radicsurgery is feasible but can increase the incidence of radiation
necrosts,
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Anti-HER2 treatments work

Lapatinib plus capecitabine in patients with previously
untreated brain metastases from HER2-positive metastatic
breast cancer (LANDSCAPE) a smgle group phase 2 study

Fhorsas Boshelet, G4
ewnYoes Aerqu, Ao

Marko Campe
orgubes, Muhwe Lehe

orvgue s, Clave Cn

eta farnez. Ermbe Le B
e Mo Femver

witen fuben Dorron

atherne Lobbr Devliers

original articles

Incidence of central nervous system metastases in
patients with HER2-positive metastatic breast cancer
treated with pertuzumab, trastuzumab, and docetaxel:
results from the randomized phase Il study CLEOPATFIA

S M. Swain'", J. Bas

[, Milea®, ¥ -H, I, ©. CQuah?, L, F Leef & J Co

Trastuzumab emtansine (T-DM1) versus lapatinib plus
capecitabine in patients with HER2-positive metastatic
breast cancer and central nervous system metastases:
a retrospective, exploratory analysis in EMILIA'

| E Krop'™, N, UL Ln', K. BlackwelP, E Guarding?, J. Huobe
M. Wislslau” & W, Didras®

T, M. Lud, D. Miles®, M. Sarmant®,

Patients {ned4)
=80% reduction o {20%)
50-<80% reduction 20 {45%)
20-=50% raduction & {14%)
O 20% reduction 2[5%)
Progression” 7 {16%)

*Twex parlerits had progeession outside of the CNS.

Tahle 3: Gbije NS responss in
r-; sclian time o IS as first site of -\ (— Median Overall Survival -'\
200 — Pertuzumab, trastuzumab, docetaxel
904 \ = Trastuzumab, docetaxel, placebo
= o0 - L 5
8 70 - =z
E-1 s
B 50 - s HR 0.58 |
& a 05%C) 030 - 085 E
8 50 Y p=00045
< 40 £
50+
& 204 i 8
%1 0+ ]
£ oo—r1 —
05 10 15 20 25 30 3 4D 45
\_ Time (months) J \_

RR=65%
DCR=79%

Pregsartion progression-fres

2 04 6 8 W ®

L

/-1 Overall survival in patients with CNS disease at baseline (n=95) ==\
1.0 — Capecitabine + lapatinib

- T-DM1

w 0.8

2

2

2 06

c

K]

£ 041

g Stratified HR 0.382
& 024  95%Cl0.184-0795

p=0.0081

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36|

Time {manths)

Duration of survival (months)

\ J




Istituto di Ricovero e Cura a Carattere Scientifico

Chemo‘rhempy in
brain metastases - NSCLC

Moscetti, Cancer 2007 NSCLC

Lee, Cancer 2008 NSCLC 28% 28%
Scagliotti, JCO 2002 NSCLC 25-52% 30-32%
Alberola, JCO 2003 NSCLC 29% 37%

Crino, JCO 1999 NSCLC 38% 41%
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EGFR TKIs in brain
metastases - NSCLC

Em EGF receptor tyrosine kinase
———— inhibitors in the treatment
of brain metastases from
non-small-cell lung cancer

Marco Bartalotti,
Enrico Franceschi and
Alba Ariela Brandes*  Expert Rew. Anticancer Ther 12(11), 14291435 (2012)

Ceresoli, Ann Onc 2003 10% 10%

Namba, Clin Lung Cancer 2004 15 60% 60%

Hotta, Lung Cancer 2004 14 43% 50%

Chiu, Lung Cancer 2005 21 50% 56%

Lee, CCR 2005 10 70% 80%
(never

smokers)
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Modern Management of Central Nervous System

Metastases in the Era of Targeted Therapy and
Immune Oncology

Priscilla Brastianos, MD*; Michael A. Davies, MD, PhD?: Kim Margolin, MD?; and Helena A. Yu, MD*

PRECISION MEDICINE IN LUNG CANCER BRAIN
METASTASES: ARE WE THERE YET?

Using comprehensive genotyping panels at diagnosis,
we now routinely identify mutations in EGFR, BRAF,
MET, KRAS, and HERZ2, rearrangements in ALK,
ROS1, RET, NTRK, and NRG1, and amplifications in
HERZ2 and MET in lung cancers.

2019 ASCO EDUCATIONAL BOCK
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Modern Management of Central Nervous System

Metastases in the Era of Targeted Therapy and
Immune Oncology

Priscilla Brastianos, MD*; Michael A. Davies, MD, PhD?: Kim Margolin, MD?; and Helena A. Yu, MD*

PRECISION MEDICINE IN LUNG CANCER BRAIN
METASTASES: ARE WE THERE YET?

Using comprehensive genotyping panels at diagnosis,
we now routinely identify mutations in EGFR, BRAF,
MET, KRAS, and HERZ2, rearrangements in ALK,
ROS1, RET, NTRK, and NRG1, and amplifications in
HERZ2 and MET in lung cancers. Each of these drivers
imparts a cellular vulnerability

2019 ASCO EDUCATIONAL BOCK
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Histological subtyping of Molecular subtyping of AdC
NSCLC: SqCC versus AdC

B KRAS mutation 25%

M EGFR mutation 10%

W ALK fusion 4%

W ROS1 fusion 1.9%

M RET fusion 0.9%

B NTRK1 fusion 1%

M HER2 mutation 3%

B BRAF mutation 3%

M PI3BKCA mutation 2%

B HRAS mutation 1%

B NRAS mutation 1%

M AKT mutation 1.1%

SqCC 34% [ MET exon 14 mutation 3%

" MAP3K1 mutation 1%
Unknown 42%

Others 11%

AdC 55%

Molecular subtyping of SqCC

B FGFR1 amplification 22%
W DDR2 mutation 4%

B PI3KCA amplification 33%
B MET amplification 5%

B MET mutation 1%

W BRAF mutation 2%

M Others or unknown 33%
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Clinical factors affect survival

GPA Score 0-1.0

GPA Score 3.54.0

Survival Time

Survival Time

(months) Patients {months) Patients o
Diagnosis  Median 95% ClI No. % Median 95% ClI No. % (log-rank

NSCLC 302 263t0384 2b4 14 |14.78 |11.80t018.80 161 9 <.001
SCLC 279 183t0312 65 23 1705 470102743 13 5 < .001
Melanoma 338 28B3to427 84 17 13.23 9.131015.64 112 23 < .001
RCC 327 204t0510 43 15 14.77 9.73t019.79 63 22 < .001
Breast cancer 335 3.13t0378 23 6 2530 23.10to2651 133 33 <=<.007
Gl cancer 3.13 237t0457 76 36 13.54 9.76t027.12 18 9 =.0017
Other — — — — — — — — —
Total 310 283t034h b4dh 16 16.73 146b1018.80 500 14 < .001
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The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812

JANUARY 11, 2018

VOL. 378 NO.2

Osimertinib in Untreated EGFR-Mutated Advanced
Non-Small-Cell Lung Cancer

A Progression-free Survival in Full Analysis Set

No. of Median Progression-free Survival
Patients (95% CI)
mao
Osimertinib 270 18.9 (15.2-21.4)
Standard EGFR-TKI 277 10.2 (9.6-11.1)

Hazard ratio for disease progression or death,

0.46 (95% CI, 0.37-0.57)
P=0.001

1.0+
'g %“l‘\
£
2 0.8+ i
WwW® 0.6 L. L‘k’i
E 'g Osimertinib
BaA 04
£ %
2 o Thew
'g Standard EG;I:’m
o 0.0 T T T T T T T T 1

o W

B Progression-free Survival in Patients with CNS Metastases

Mo. of Median Progression-free Survival
Patients {95% CI)
mo
Osimertinib 53 152 (12.1-21.4)
Standard EGFR-TKI 63 96 (7.0-12.4)

Hazard ratio for disease progression or death,
0.47 (95% Cl, 0.30-0.74)
P=0.001

‘ﬁ L0
Z  os
“w
® 06 ;
£.2 ﬁ'_\_\ ey
& § 0.4 3 +— Osimertinib
3 .4 l_|L W
&
Z 02
-
€ Standard EGFRTKI ——
o Qo T T T T T T T 1

T
Q 3 6 9 12 15 18 21 24 27
Month
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No. of

Subgroup Patients Hazard Ratio for Disease Progression or Death {95% Cl)
Overall 556 ;

Log-rank test: primary analysis = : 0.46 (0.37-0.57)

Cox proportional-hazards model = i 0.46 (0.37-0.5T)
Sex !

Male 106 —_— 0.58 (0.41-0.82)

Female 350 —t— | 0.40 (0.30-0.52)
Age at screening E

<65 yr 198 e ! 0.44 (033-0.58)

=65 yr 258 —_— 0.49 (035-0.67)
Race 1

Asian 147 —— 0,55 (0.42-0.72)

Nen-Asian 09 cfe— ! 0.34 (0.23-0.48)
Smoking history E

Yes 199 —— 0.48 (0.34-0.68)

No 157 A S 0.45 (0.34-0.59)
Known ortreated CNS metastases at trial entry :

Yes 116 —_— 0.47 (0.30-0.74)

No 440 —T— ; 0.46 (0.36-0.59)
WHO performance status '

] 128 i H 0.39 (0.27-0.56)

1 127 —_— 0.50 (0.38-0.66)
EGFR mutation at randormization i

Exon 19 deletion 149 L : 0.43 (032-0.56)

LB5ER 107 —— 1 0.51 (0.36-0.71)
EGFR mutation by circulating tumor DNA i

Pasitive 159 —— ] 0.44 (0.34-0.57)

Negative 124 R — i 0.48 {0.28-0.80)
Centrally confirmed EGFR mutation |

Positive 500 —f— ! 0.43 (0.34-0.54)

Negative 6 5 NC (NC-NC)

I T T | T SRR T 1
01 02 0304 06 10 2.0 10.0

Osimertinib Better Standard EGFR-TKI Better
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Alectinib versus Crizotinib in Untreated
ALK-Positive Non—-Small-Cell Lung Cancer

Hazard ratio for disease progression or death,
0.47 (95% Cl, 0.34-0.65)

P<0.001 by log-rank test C cCumulative Incidence of CNS Progression
100~ 60 !
a0 | |
o Z 1 50+ i ]
= 80 Y= !
2 s 0 | T
Z_ 704 o ® 404 J,_,_F L
na Alectinib oo = :anohmb, 12-mo cumulative incidence
g8 60 - 33 1 rate: 41.4% (959% CI, 33.2-49.4)
TS0 SR 304 ,Jf |
g £ |
25 40 g2 i I R
ﬁ ® 5 ﬁ 20 ¢ i Alectinib, 12-mo cumulative incidence
£ 30 = <5 il | rate: 9.4% (95% Cl, 5.4-14.7)
3 o 0+
10 Crizotinib H ,—{ i
L ]
0 T T T T T T T T T 1 0 T I T T 1
Day 3 6 9 12 15 18 21 24 27 30 0 b 12 18 24 30
2 Month Month

CNS response rate : 81% vs 50%
CNS Complete responses: 38% vs 5%
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o 1.2, sy e
i, 1tk 28 e

No. of Events/  Hazard Ratio for Disease Progression

Subgroup No. of Patients or Death [95% Cl|
Overall 164/303 = 0.43 (0.35-0.66)
Age i
<65 yr 125/233 . R 0.48 (0.34-0.70)
=65 yr 39/70 —— 0.45 (0.24-0.87)
Sex I
Female 01/171 - | 0.39 (0.25-0.60)
Male 73/132 —= 0.61 (0.38-0.98)
Race i
Asian 72/138 —a— 0.46 (0.28-0.75)
Non-Asian 02/165 —— i 0.49 (0.32-0.75)
Smoking status |
Active smoker 12/17 ————  1.16(0.35-3.90)
Nonsmoker 103/190 —— 0.44 (0.29-0.66)
Former smoker ~ 49/96 —s | 0.42 (0.23-0.77)
ECOG performance |
status i
0 4497 —e 0.40 (0.21-0.77)
1 105/186 —-— | 0.43 (0.32-0.71)
2 15/20 — 0.74 (0.25-2.13)
CNS metastases |
at baseline |
Yes 78/122 —m 0.40 (0.25-0.64)
No 86/181 —-— 0.51 (0.33-0.80)
Previous brain i
radiation i
Yes 26/47 —e 0.33 (0.14-0.74)
No 138/256 | = i O.SIZ (0.36-0.73)
0.1 1.0 10.0

Alectinib Better Crizotinib Better
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VOLUME 34 « NUMBER 34 « DECEMBER 1. 2018 0
g 8 v
JDURNAL = CLINICAL ONCOLOGY g o . Norl“- :
a ::;
5 oo
ZE 10
=E 1 |
Pooled Analysis of CNS Response to Alectinib in Two Studies 2l g =
of Pretreated Patients With ALK-Positive Non-Small-Cell e =
Lung Cancer 2" ol ;
2 - L
B 70
E =
“ 0
~100

Patient
Table 3. IRC CORR by Prior Radiation Therapy

All Patients With CNS Metastases* (n = 136)

Response Prior Radiation (n = 95) No Prior Radiation (n = 41)

Responders (CORR), % 35.8 58.5

95% ClI 26.2 to 46.3 42.1 10 73.7
Complete response, No. [Yol 17{17.9 20 148.8)
Partial response, No. (%) 17 (17.9) 4 (9.8)
Stable disease, No. (%) 48 (50.5) 10 (24.4)
Progressive disease, No. (%) 9 (3.5) 3 (1.3}
Missing/urevaluable, No. (%) 4(4.2) 4 (9.8]
CDCR, No. (%) B2 (86.3) 34 (82.9)

95% Cl (%] TIT 10825 67.91t0 92.9

MOTE. Data cuteff tor both NP286732 and NP28781 was April 27, 2015. Responses evaluated according to Response Evauation Criteria in Solid Tumors (RECIST).
Abbreviations: CDCR. CNS disease control rate; CORR, CNS objective response rate; IRC, independent review committes.
*Patients who had both measurable andfor nonmeasurable disease at baseline.
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Entrectinib in ROS1-Positive NSCLC: Background

= ROS1 gene fusions are oncogenic drivers 2
(1% to 2% of NSCLC cases)!! %

= Entrectinib: oral, potent, selective g TRKA TRKB TRKC ( ROS1 )
ROS1/NTRK/ALK TKI with CNS activity, (NTRK1) (NTRK2)  (NTRK3) e

can cross blood-brain barrier, remain fusion fusion fusion

within CNS II Fusion  Ligand-independent
" o
= More potent inhibitor of ROS1 than PArNST activation of receptors
crizotinib (preclinical data)2l

Cytoplasm

= Demonstrated activity in multiple tumor
types (eg, primary brain tumors, secondary

3
CNS metastases)?! o MAPK PIBK-AKT Activation of
HN~N O HN pathway pathway signaling pathways
5 I
3
N/ﬁ g Tumor cell Cell survival Cellular effects
: - -
k,N 2 proliferation

~

1. Dugay. Oncotarget. 2017;8:53336. 2. Ardini. Mol Cancer Ther. 2016;15:628-639. 3. Drilon. Cancer Discov. 2017;7:963.
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Entrectinib in ROS1-Positive NSCLC: Conclusions

* Entrectinib highly active in ROS1-positive NSCLC: clinically meaningful,
deep and durable systemic responses, with and without CNS
metastases

* Clinically meaningful intracranial activity in patients with baseline CNS
disease

— Intracranial ORR: 55% (CR: 20.0%)

— Intracranial median DoR: 12.9 mos

Barlesi. ELCC 2019. Abstr 1090.
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New targets: MET

ALK{3.9%)
BRAF (3.85:)

MET exon 14 {3.0%) |

PIKICA12.9%)
FREE212.5%)
: NRAS (156
e RET(1%)
ROS1{1%)
AKT (< 1%}
HHAS 1= 196
MAPZK1 (< 19)

Capmatinib = Savolitinib Tepotinib  Cabozantinib

Crizotinib

NEW ADVANCES I REURONCOEGOY
- -
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New targets: MET

ALK {3.9%)
BRAF (3.85%)

MET exan 14 (3.0%)
PIKACA2.9%)
FREE212.5%)

L NRAS{I%
e RET(1%)
ROS1{1%)
AKT (< 1%}
HHAS |« 1%}
MAPZK1 (= 1%)

Capmatinib | Savolitinib Tepotinib Cabozantinib Crizotinib

Wolf J; Paik PK ASCO 2019

Best overall response (treatment naive cohort 5b)

All respanses confirmed per RECIST 1.1
P rates nt b BIRC and ig

Cohort Sb[1L)

Best overall responze, n (3]

Complete Respanse [ q
Aartial Response 17 (€D.7}
stable Digease | 10{35.7)
| 1{3.6)
| §0.7 (40 5. 75.5
96.4 (817, 95.9/

mDoR: 11.1 months
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New targets: MET

ALK {3.9%)
BRAF (3.8%)

MET exon 14 {3.0%)
- PIK3CA2.9%)
% FREH212.5%)
™, y — o
————— NRAS {15}
— T RET(%)
ROST{1%)
AKT (< 15}
HIFAS | 1960
MAPZK] (= 195)

Capmatinib | Savolitinib Tepotinib  Cabozantinib

1Css (NM)

Wolf J; Paik PK ASCO 2019

NEW ADVANCES IN SEURONCOE GO

ooyt T Pz 0
0, k28 o 2010 -

54% (n=7/13) had intracranial response”:
o 4 patients had complete resolution of all brain lesions

o The other 3 responding patients had;

» complete resolution in 3 lesions, -50% reduction in 1 lesion,
stabilization in remaining 4 lesions (total of 7 lesions)

» Complete resolution in 2 lesions, stabilization in 1 remaining

lesion (total of 3 lesions)

» Compiete resolution in 1 lesion, stabilzation in 3 remaining

lesions (total of & lesions)

Wolf J, ASCO 2019



SERVIZIO SANITARIO REGIONALE
EMILIA-ROMAGNA -

Azienda Unita Sanitaria Locale di Bologna

Istituto delle Scienze Neurologiche
Istituto di Ricovero e Cura a Carattere Scientifico

New targets: RET

@ RET iuslon genes
CCDCh, NCOAM, KIFs8, GOLGAS, ERCL, | 5 2 :
i "4. ; 5’ partner 3’ partner: RET

ACBDS, MYH13,CUXY, KIAA 1468,
FRMDEA, AFAPIL 2. FPFIBR2, KIAAT 21T Coiled<ail

domain Exon12
I TBLIXR1.FGIRION
| KIAAL468
R — LisH demain
TRLIXRI FALE |
WDR domann Exon 1l

P2, EPHAS

me; _ ™ Tytosire Kinase
PR ] SAMdomain  demain dornain

PARD3, NCAM |

BLU-667: High kinome
selectivity for RET*

mechanism

b RET nonsynonymous pointmutations

Extracellular

Activation by ligand- Monomeric

indepeodant dimarization setivation

disulfide bonds.
In cysteine-rich

CE20FRIS

| Exon 11
CeI0RY

| De31y
| CE34FG/R/SW/Y
Ke66E

L

Nature Reviews | Clinical Orcology
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BLU-667 Starting Dose 400 mg QD

o .--__A-.lll h
0

&

.

8 CNS involvement
wNo CNS involvement

Maximum % Reduction from Baseline
Sum of Diameters of Target Lesions.

:

Gainor JEASCO 2019
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Take away

* The brain is not separate from the
rest of the body! (the seed is the same)

* We have to consider both
intracranial and extracranial disease

* Targeted approaches are effective
also for BM (despite of the soil)
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* Crossing the BBB is important

* Agents that hit the target and cross
the BBB provide responses in 50-80%

of brain mets

Take away
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