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Pitfall of brain metastasis

Most of neurosurgeons reluctant to dedicate in treatment
— Rely on radiologist

Systemic disease
— Cumbersome of evaluation for clinical outcome
— 0S, PFS, QOL, ... etc.

Contribution of local control : significance is questionable
— CNS vs. non-CNS

Distribution of intracranial lesions : diversity

— Number of lesions vs. total tumor volume

Limitation of repeated/salvage therapy
— Drug delivery
— Sanctuary for irradiation & immunology

Discordance in genetic profiles between primary & metastatic tumors

Br ] Cancer 99:923-929, 2008
Ann Oncol 20:696-702, 2009



Frequency of Primary Cancer of Brain Metastasis

B.52%

5.44%

14.67%

44.02%
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Brain Tumor Registry of lapan

13" Edition
(2001-2004)
1326 (45.6
Breast aT3 (12 8%)
Colon 166 {5.7%)
Kidney 152 {5.2%)
Limknonam 138 {4.7%)
Rectum, anus 113 (3.9%)
Stomach 86 (3.2%)
Head and neck B2 {2 1%}
Esophagus 60 {2.1%)



OS is dependent on primary site & disease control
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Number of brain metastases

Life-threatening
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Two'metastasas): different size & remote area
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Role of surgery in brain metastasis

Rapid reduction of tumor volume

Release of mass effect leading to improvement
of QOL

Confirmation of histology (esp. unknown origin/
simultaneous discovery of cancer lesions)

Rescue of life-threatening status as brain
herniation caused by tumors especially in the
posterior fossa



Difference between GBM vs. metastasis

GBEM metastasis
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Pattern of brain metastasis

<" At first diagnosis

Primary tumor Metastases Recurrence of metastases
| + 0 months

+

+ i+ O +

Nat Med 1 (1) ; 27, 1995 ]
* Metastases regress when primary tumor removed : Renal carcinoma, rare V.,

Primary Site 1 I1 II1 IV Total
Breast 6 0 1 20 27
Colon 1 0 4 15 20
Esophagus 4 1 0 5 10
Gastric 2 2 2 4 10
Lung 10 32 18 21 81
Owvary 3 0 0 a8 11
RCC 1 2 3 7 13
Uterus 2 0 0 10 12

Total 29 37 28 90 184




Interval and Overall Survival for Brain Metastasis

Interval between diagnosis of . .
& Overall survial after brain metastases

Primary site primary cancer and brain metastases nias
(months)
Breast 57.2 + 67.8 20.0+ 13.6
Colon 40.5 + 38.7 4.1+ 4.5
Esophagus 7.8+ 5.3 3.9+ 1.9
Gastric 40.4 + 58.3 3.8+ 1.2
Lung 10.7 + 23.9 7.6+ 7.0
Ovary 40.3 + 24.6 188+ 7.6
RCC 46.2 + 55.2 21.6+14.1
Uterus 53.2 +38.4 9.9+ 2.2
Total 28.9+43.6 8.1+ 9.3



Lethal for Brain Metastasis?

Primary Site Yes (%) No (%) Total
Breast 12 (44.4) 17 (55.6) 29
Colon 12 (60.0) 8 (40.0) 20
Esophagus 3 (30.0) 7 (70.0) 10
Gastric 4 (40.0) 6 (60.0) 10
Lung 41 (50.6) 40 (49.4) 81
Ovary 2 (15.4) 11 (84.6) 13
RCC 2 (15.4) 11 (84.6) 13
Uterus 5 (41.7) 7 (58.3) 12
Total 81 (43.1) 107 (56.9) 188
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GPA Clasgificaiion {graded prognosiic asgessment)

0 point 0.5 point 1 point
Age il S0-59 Sl
KPS <tpll To-80 -1 i
N, af Brain Meta = 23 f)
Meiastases Oihers presens = HaHe

Cilazz 11
Median Survival : class I ; 20.4 months
class IT ; 7.2 months
class IHI; 2.2 months
It J Badiat Oncol Riol Fhys 83 : 1399, 2012
SIR Classification (score index for radiosurgery
i} i I poimt 2 poimis
Age fill= Af-39 5l
KPs <50 fri- 7l Hij-1 i
N af Brain Meta J= 2 i
Metasiases (Mivers Pragressive Stable  Complete response or
: ! R, no evidence af disease
Vielumere r{!r::;:q'e.u lesinn 13 573
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Median Survival : 3 5~4.0 points ; 17.7 monihs
3.0 points ; 12.6 months
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T | Radiat Oncol Biol Phys 83 - 1399, 2012

BSBEM Classification (basic core for hrain metastases)

Median Survival : §~10 points ; 21.0 moniis
d=~7 mointxs » &0 months

I~3 points ; 3.6 months
Tt J Badict Oncol Bial Plys 83 - 1399, 2012

i point I point
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Controfled prinary R ¥es

Median Survival : 3 points ; 19.0 monihs
2 paints ; 84 months
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0 point ; 2.2 monihs
Tt J Badiat Oncol Riol Phys 83 : 1399, 2012
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Rt I AE S %9 B SRS vs. SRS & WBRT

Primary Endpoint: Cognitive Progression at 3 mos

Cognitive Progression
at 3 months (95% CI)

MO574 Brain Contral vs. ARM
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g i p < 0.0001
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5 40 SRS+
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D | | | |
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63.2% (50.5, 75.3)
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Effect of Gefatinib on lung cancer

B EGFR-Mutation=Positive

C EGFR-Mutation-Megative

1.0- Hazard ratio, 0.48 (95% CI, 0.36-0.64) 1.0+ Hazard ratio, 2.85 (95% Cl, 2.05-13.98)
£ P<0.001 .g P<0.001
& 0.8 Events: gefitinib, 97 (73.5%); carboplatin & 0.8+ Events: gefitinib, 88 (96.7%); carboplatin
E : plus pachitaxel, 111 (36.0%) E plus paclitaxel, 70 (82, 4%)
3§ 06 T 06
Et 3
Ba  04- B@a 04
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E 2=~ plus 0.24 paclitaxel
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ﬂ.ﬂ T T T T T L] ﬂ.{t 1] 1 I 1 1 | 1
0 i i 12 16 0 24 1] 4 ] 12 16 20 74
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EGFR mutation brain meta incidence

Brain meta onset 64.7% 35.3%

2
L

Adjusted Odds ratio = 3.83, P = 0.001

15

1

0.005

Cumulative Incidence
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_____ wild EGFR mutant EGFR

Shin DY, et al. J Thorac Oncol:9:195-199, 2014



Effect of Gefatinib on metastatic brain tumors from lung cancer

_Gefatinib (Iressa) ; EGFR7% #f1Y Brain metastases y
= Clinical Lung Cancer 6 (2) ; 123-128, 2004
i () ORIz %), ARG Cancer & s 20198 a0
FEPE, . Neurol Med Chir (Tokyo) 46 ; 504-507, 2006
EGFR,, 'mﬁﬂ_ Lung Cancer 82 ; 282-287, 2013
exon 19 base pair deletion (del746-A750) Glioblastoma

J Clin Oncol 22 ; 133-142, 2004

exon 21 point mutation (LB58R)

(RIFERT) s HEAE




Effect of Gefatinib on metastatic brain tumors from lung cancer
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Comparison of CSF concentrateion
between Erlotinib and Gefitinib

a 200 b 4
P <0.0001
P =0.0008 '
4 [ ]
-3 ) .
T 150 . 5 3 1
: i
2 " o .
e
‘g 100 E 2
[ |
4 £, %
9@ 50 1 -
L ]
. .
0 tales

Gefitinib Erlotinib Gefitinib Erlotinib

Togashi Y et al. Cancer Chemother Pharmacol. 2012



Effect of Erlotinib for meningeal dissemination

2 months 6 months
after treatment after treatment

WBRT(30Gy/10[2])

before treatment




M b |\ £ng J Med 285:1182-1186, 1971
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Role of VEGF and its receptor in metastatic brain tumors

IGF-1 PDGF

EGF _ e
L5 F Binding and activation
bEGF =P _ VEGF release of VEGFR
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Cancer Res 55:360-368, 1995



Vesiculo Vacuolar Organella (VVO) formation by VEGF/VPF

vesicular transpor | trans/ interceliular diffusion |

B N[
. QP —

transport via
transendothelial channels I

J Leukoc Biol 52:100-115, 1996



VEGF concentration in brain tumor & brain tissue

=
GBM AA Lﬁnmﬂw MEN LYM META

H ;.

0.8 P=0.0002
En,& $—y <1.000 pg/mg
%m- 3
@ 0.2 X

3 3 >1.000 pgimg

i - e
T g -
o 0 10 20 30 40 50 60 70 BO 90
Onco Target Therapy 7:1551-1562, 2014 Time (months)



Expression

p53 & VEGF expression

Wild-type p53 and v-SRc exert opposing influences on human VEGF gene expression

10209

Cancer Res 1995;55:6161-6165

Colorectal cancer
Malignant glioma
Gastric cancer

Lung cancer (NSCLC)
Breast cacner
Prostate cancer
Esophagus cancer
Renal cell carcinoma
Uterus cancer
Ovary cancer

; Int J Cancer

; Brain Tumor Pathol
; Oncology

: Clin Cancer Res

: Int J Cancer

; Prostate

; Am J Gastroenterol
; J Surg Oncol

; Gynecol Oncol

; Int ] Gynecol Pathol

1997;74(5):502-507
1998;15(2):95-100
1998;55(6):594-599
1998;4(12):3017-3024
2000;89(1):51-62
2000;45(3):216-224
2001;96(6):1733-1740
2001;77(1):55-60
2002;85(3):469-475
2011;30(6):521-526



Prognostic value of serum level of VEGF

gastric cancer
(Ann Surg 2002)

1.0 P < 00001, log-rank test

1
y
\

= = normal sVEGF (<531 pg/mi)

o

\ clevated sVEGF (533 pg/ml)
0 10 20 30 &0 S0
Time (months)

renal cell carcinoma
(J Urol 163:343-347, 2000)

colorectal cancer
(Br J Cancer §3:1425-1431, 2000)

© 10 00
i
."--.~ﬁ
B0q 1
28 )
5 R N VEGH ¢ 3015 gt
11 L 11
3 . 1'1-.-
; L o 0B
Qi @ 404 —
¢ | \
o VEGE &« §78 pg ™ ey S ——
LH
004 ‘ - ey
] 1l @ X L v 4




Vascular normalization

Irregular, inefficient
perfusion in tumor,
aventually resulting
in hypoxia, necrosis

Excass pruning:
decraasad perfusion

Cancer Res 72 ; 402-407, 2012



Effect of Bevacizumab on
malignant brain tumor with lung cancer

10mg'kg
gi2wk

4 cycles
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A new strategy of cyberknife treatment system based
radiosurgery followed by early use of adjuvant bevacizumab
treatment for brain metastasis with extensive cerebral edema

Primary endpoint : response rate of tumor volume and edema volume

Start within two weeks Post SRS
BEV 5mg/kg/2wks

J Neurooncol 119:369-376, 2014



Histological classification of human renal epithelial neoplasms

Type Clear cell chromophobe

'““‘{':;““ 75 % 5 9% 5 9% 5 9%
Associated VHL C-Met C-Met BHD

mutation



Interaction of VHL & HIF with/without oxygen

Disease-specific Survival

B80%
0% HIF destroyed
40%
20%
0% (O, absent)
Q 20 1] L 1] &0 100 120
Months from Nephrectomy
Kaplan-Meier survival estimates for patients with metastatic 1
clear cell REC substratified in high [=35%) and low [<35%)

HIF-1 o expression

Activation of hypoxia-inducible genes (ie VEGF, PDGFR)

Clin Cancer Res 13 ; 7388-7393, 2007




Does anti-angiogenesis therapy for brain tumors
induce intracranial hemorrahge?

Incidence of intracranial hemorrhage in brain tumors

brain tumor with intracranial hemorrhage

Ll without bevacizumab with bevacizumab

Ovarian 4.3%( 6/141) 0.0%( 0/ 0 )
NSCLC 3.6% ( 28 / 789) 39%( 3/ 77)

Colon 29%( 1/ 35) 7.0%( 1/ 14)
Angiosarcoma 28.6%( 4 [ 14) 100.0%( 1/ 1 )
GBM 3.4% ( 61/1781) 2.8%( 4/145)

Total for above tumors 3.6% (100/2760) 3.8%( 9/237)

e ——————————

Ann Oncol 23 ; 458-463, 2012



Does anti-angiogenesis therapy induce
drug resistance ?

500 : :
Lewis lung carcinoma
Drose=20mgkg " day!
n=4 per grougp

400
Untreated FTE
(=6 (n=6) 300

200

100

u
120 180 200 240 280 320 |360 Days
May 22, HH HFH fE?:‘I:r:lnu' May 1,
| 1506 R R Fx 1949 ¢
| L I - zisd I T241 Fibrosarcoma
4 0 10 20 30 40 50 60 7O E ) B ﬁ.ﬁiﬁ?_- day-1
rRe: 111 {11 {11 i1 2 -
Treatment days 4 200
=
3 100
i
F o
r_‘uu-muaﬂ 120 ﬂﬂ 200 240 Days
E'EF'I E'l nckmtabn Ersicstatin | Endostalin rcstsin M-H':u' 24,
Cycled dormancy therapy g Eromimin Endos ostaiin  Enios b

Thomas Boehm et al.Nature 390:404-407, 1998



Algorithm for brain metastasis

CT/MRI
single 1~3 multiple
<1cm 1-3cm 23cm <1cm 1-3cm 23cm
T
| |
Symp || Symp
- +
4 v v v v v v
CTx SRS WBRT CTx SRS WBRT
+BEV mE || 3Gyx10 +BEV etc 3Gyx10
and/or or
surgery SRS

HARSA Izl fE-TULvELY BidtA Practical Treatment, 2014 2 &



tion necrosis
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Peri-necrotic area
(hypoxic condition)

7

€XCL12  CXCR4
reactive CD68
astrocyte
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cytokine IL-6
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Aggravation of
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Brain edema
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Radiation necrosis




Bevacizumab for radiation necrosis

3 cycles
of
bevacizumab




Summary

* Brain metastasis is a systemic disease.

* Combination therapy is inevitable including surgical
operation.

— Gamma knife is essential.
— Surgery occasionally contribute to control larger
volume of the tumor

* Molecular targeting agents is expected to improve clinical
outcome of brain metastasis.

* Anti-angiogenesis therapy may be effective.

* “Vascular normalization” theory should be investigated.

— Comprehension of BBB (blood brain barrier)



