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Super selective Intraarterial chemotherapy by using microcathter
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Radiation Therapy
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1. Low-dose MTX—1 mg x 2 / day

J Neurooncol 13: 81-89, 1992

2. Ventriculo-Lumbar Perfusion Chemotherapy with MTX & Ara-C
Surg Neurol 45: 256-64, 1996

3.Continuous Intrathecal Infusion of MTX

4. Treatment of meningeal carcinomatosis resistant to MTX (MTX + 6TG, Verapamil)
90th AACR, 1999, Philadelphia

5. Repeated bolus administration of 5 Fluoro-2’ -deoxyuridine (FdUrd)

J Neurooncol 37: 115-121, 1998; J Neurooncol 45: 175-183, 1999
Cancer Chemother Pharmac 43:247-256, 1998
6. Continuous intrathecal administration of FdUrd

Neurosurgery57:266-280,2005
7. Continuous intrathecal administration of Sodium Butyrate (NaB)

95th AACR, 2004, Orlando; 96th AACR, 2005,Anaheim, ICACT,2006,Paris; ECCO 15/ESMO 34,2009,Berlin;

43rd ASCO,2007,Ghicago

8. NS-101 (DepoCyte:CytarabinefR i Fl)| = & 5 BE I #E AEAE D J& #&-Phase |-

ELLFHRE 34:1799-1805, 2007
9 .Basic research for intrathecal administration of Y-27632 (Rock inhibitor)

Mol Cancer Res 3:425-433, 2005



Leptomeningeal carcinomatosis

Survival in 34 patients with meningeal carcinomatosis

(1984~1990)
Ommaya Reservoir Treatment Number of cases MST (days) (mean = SEM)
No treatment 5 18 = 3 (11-30)
IT only *kk 1] 177 = 41 (20-436)
IT+SC ** g 128 + 32 (34-485)
IT+RT * 4 249 + 72 (150-461)
IT +SC + RT * 6 118 = 33 (20-215)

IT: intrathecal chemotherapy with MTX and/or Ara-C
SC:systemic chemotherapy, RT: radiation therapy

* P<0.05; **, p<0.001; ***, p<0.005



Ventriculolumbar perfusion chemotherapy (VLP) with MTX & Ara-C

Nakagawa H, et al.:Ventriculolumbar perfusion chemotherapy with methotrexate and
cytosine arabinoside for meningeal carcinomatosis: A pilot study in 13 patients.

Surg Neurol 45: 256-64, 1996

Ommaya Reservoir



Clinical response to ventriculolumbar perfusion (VLP) chemotherapy

Pt. cr:nial s:i;al Ambulatory Status CSF Responding Response S.urvival
No. nerves roots Ppre post examination CSF parameters grade time(months)
1. 5/7 3/3 bedridden walking normalization  Ce, BG, Cy good 12.0
2. 5/5 1/1 walking  walking no response minor 8.0
3. 1/9 0/2 bedridden bedridden no response none 3.0
4. 1/2 2/2  walking(a) walking(a) response BG, Cy moderate 7.0
5. 2/2 2/3 walking(a) walking(a) response Ce minor 7.0
6. 1/2 1/2 bedridden bedridden normalization Ce, BG, Cy moderate 4.0
7. 6/6 2/2 bedridden walking normalization  Ce, BG, Cy, MBP good 6.0
8. 111 3/3 walking(a) walking normalization Ce, BG, Cy, MBP good 18.0
9. o0/5 0/4 bedridden pedridden slightresponse (e none 4.0
10. 6/13 3/3  walking(a) walking normalization  ce, BG, Cy, MBP good 9.0
11. 4/6 3/3  bedridden walking response Ce, BG moderate 6.0
12. 8/10 1/2 walking walking normalization Ce, BG, Cy, MBP good 1.0
13 2/2 0/0  walking  walking response Ce, BG, MBP good 8.0

* No. of improved cranial nerves

** No. of improved spinal root signs (motor, sensory ,tendon reflex, urinary incontinence : total, 4 / no. of involved spinal roots.

Ce, cell count; BG, beta-glucuronidase; Cy, cytology; MBP, myelin basic protein



Clinical response to ventriculolumbar perfusion (VLP) chemotherapy

1. Ambulatory status
walking with assist “bedridden —» walking :5/7

2. Improved cranial nerves :12/13
3. Improved spinal roots signs :10/ 13

4. CSF examination
normalization : 6
response : 5

no response : 2

5. Survival time :1~ 18 months ,7.2%f 1.2 months (M%* SEM) (n=13)
Remission period : 0~ 13 months ,4.0* 1.0(M * SEM) (n=13)



Bolus or Continuous Intrathecal Administration of 5-
fluoro- 2-deoxyuridine (FdUrd)

Basic Yamada M, Nakagawa H, et al.: In vitro study on intrathecal use of 5-fluoro-2’ - deoxyuridine
(FdUrd) for meningeal dissemination of malignant brain tumors. J Neurooncol 37: 115-121, 1998

clinical Nakagawa H, et al. : Clinical trial of intrathecal administration of 5-fluoro- 2’ -deoxyuridine
for treatment of meningeal dissemination of malignant tumors.
J Neurooncol 45: 175-183, 1999

Nakagawa H, et al. : Continuous intrathecal administration of 5-fluoro-2’ -deoxyuridine
for the treatment of neoplstic meningitis. Neurosurgery 57:266-280, 2005.



Survival of Patients with Leptomeningeal Carcinomatosis treated by
Continuous Intrathecal Chemotherapy with FdUrd-Comparison with the
Historical Control (the survival of patients treated with MTX and Ara-C)

T
0'a
08
0\
oe
oe
& Y
03
05
(O]
o)

o) 100 S00 300 Y00 200 e00 AOC

NN)’\

Historical control:the patients were treated by bolus intrathecal administration
of MTX (5 mg) and Ara-C (20 mg) twice a week



Results

1. No apparent toxicity has been observed to date.

. Evidence of CSF response was observed in 13 pts.

3. Headache and nausea was improved in all pts and cranial nerve
impairment was improved in 12 pts.

4. MR image response was observed in 5 pts.

5. Overall response was observed in 14 pts when cases of stable disease were excluded

from the responding cases.

6. Survival time (mean =sem days, n) was 251 =30, 25. The survival times in
pts with and without WBI were 18237, 8 and 28539, 17, respectively
(p=0.057).

[\

Conclusion

Continuous intrathecal administration of FdUrd, when a subcutaneously
implantable infusion pump is available, may be useful for the treatment of
leptomeningeal carcinomatosis, especially for maintenance therapy in outpatients,
although WBI seems to cause adverse effects.

Further studies in larger populations are necessary to properly evaluate the

benefits of continuous intrathecal FdUrd chemotherapy.



Clinical Trial of Continuous Intrathecal Administration of
Sodium Butyrate in Leptomeningeal Carcinomatosis

Sodium butyrate has been expected to be clinically useful because of its effects on cellular differentiation
and apoptosis and its inhibition of invasion with minimal effects on metabolism since sodium butyrate is

present at high concentrations in the membrane of the intestine as a metabolite of food.

Basic Research

Clinical Trial

Nakagawa H, et al. : Intrathecal or intracavitary administration of sodium butyrate
to treat neoplastic meningitis and malignant glioma.
95th AACR, Orlando, USA, March, 2004

Nakagawa H, et al. : Clinical trial of continuous intrathecal or intracavitary infusion of
sodium butyrate for leptomeningeal carcinomatosis or recurrent malignant glioma.
96th AACR, Anaheim,CA, USA, April 16-20, 2005

Nakagawa H, et al. : Clinical trial of continuous intrathecal or intracavitary infusion of
sodium butyrate for recurrent or progressive malignant glioma.
98th ASCO, Chicago,IL, USA, June 1-5, 2007



Patient 1 : spinal dissemination derived from esophageal cancer
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Spinal MRI at the commencement of One month later
Continuous IT of NaB

Improved points: pain -free from morphine hydrochloride and pentazocine



No. of Neurological Improvements

cells Headache, nausea ]
50 Patient 2 :breast cancer

Back pain
Rt.oculomotor palsy

Rt. abducens palsy
Bulbar palsy

Hearing disturbance
wturbed consciousness

— 10
CSF CEA

convulsion

CSF CEA<0.1 ng/ml

——

1 2W 4w 6w

Commencement of

. . . Negative cytological
intrathecal administration
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Results of continuous intrathecal infusion of sodium butyrate in patients

with leptomeningeal carcinomatosis

Pt. CSF Improved Symptoms Response Adverse effects & | PFS Survival
No. | Response | & Signs on MRI complications (months)| (months)
1 reponse pain relief response none 2.5 2.5 dead
cranial nerves
2 response rnenmgeal Signs. stable none 2.0 2.0 dead
increased appetite
increased activity
headache
3 no response | cauda equina syndrome | stable convulsion 0 11.0 dead
cranial nerve (rt.NV)
4 response | diplopia, taste stable loss of appetite 4.0 4.0 dead
5 response | headache stable bacterial meningitis 3.0< 4.0 dead
6e response | level of consciousness | stable convulsion 5.0< 38.0 dead
- level of consciousness bradycardia
response response :
P ataxic respiration P convulsion 18.0 28.0 alive
88 response | none no response | bacterial meningitis 0 5.0 dead
9" response | none response none 7.0 15.0 dead

g, malignant glioma, PFS, progression free survival
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AR, HS
> 4E3 1999 4.1 &R (Accelerated Approval)
(FDA) U > e 3l oD S S R AE
intrathecal treatment of lymphomatous meningitis
hFrs 1999.11.17 XK
(TPP) ERESR KR U >/ \EH kR EELE
Intrathecal management of neoplastic meningitis due to
solid tumours or lymphoma
EU 2001.7.11 ®&EE (pRBEEHK)
(EMEA) | 1) v/ RBE B3k ) B R 7 R i

Intrathecal treatment of lymphomatous meningitis.
In the majority of patients such treatment will be part of
symptomatic palliation of the disease




Time course of Ara-C
Concentration in CSF
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Results of Phase | Study of NS-101

CSF Concentrations of Free Ara-C and
Encapsulated Ara-C at 2 wks : > 20 ng/ml

CSF: CR, 2; PR, 6; NC, 0; PD, 0; NE, 1
Clinical Effects: Response, 5(4) ; No response, 2 ; NE, 2
MRI: Improved, 1 ; No Change, 6 ; Progressive, 1

Adeverse Effects: Grade-1, 4
Grade-2, 6
Grade-3, 3
Grade-4, 0



Intrathecal administration of Y-27632 (Rock inhibitor)

Rho-Family Protein and Y-27632

Y-27632

/ \ NHCO- - CHNH2
I
CHs

LPA

Rho

l

I_

C3 exoenzyme

Rho kinase (ROCK) |

l

Y-27632

MLC20-phosphorylator |  |—

l

Tumor invasion

KT-5926

Nakagawa H, et al. : Intrathecal administration of Y-2732, a specific Rho-associated kinase inhibitor, for rat

neoplastic meningitis. Mol Cancer Res 3: 425-433, 2005.




Infiltrated cells
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Anti-tumor effects of continuous intrathecal injections of Y-27632 on rat
leptomeningeal carcinomatosis using Walker 256 carcinoma cells
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Histological appearances at 14 days after tumor inoculation

-27632,
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Pre-chemo.

Post-chemo.

Pre-chemo.

oo 1

Tracker-18

Nakagawa H, ET AL: Selective intra-arterial chemotherapy with a combination of
etoposide and cisplatin for malignant gliomas. Surg Neurol 41 : 19-27, 1994
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5-fluoro-2’ -deoxy uridine (FdUrd) D EHEH S ERER
Intrathecal administration of FdUrd CTHE FEF IS

Concentrations of FdUrd in tumor and surrounding brain after intracavitary injection of FdUrd

Time after injection FdUrd
A 31.8 ng/g
B 7.7
¢ 73.6
D 9.9
E 3.4
F 0.8

Ten microgram of FdUrd was injected and the breadth of tissues sampled were 5.0 mm.
FdUrd was not detected in the plasma during the course of therapy

Nakagawa H, et al.: Clinical trial of intrathecal administration of 5-fluoro- 2’-deoxyuridine for treatment
of meningeal dissemination of malignant tumors. J Neurooncol 45: 175-183, 1999

Nakagawa H, et al: Intracavitary chemotherapy with 5-fluoro-2'-deoxyuridine (FdUrd) in malignant
brain tumors. JpnJ Clin Oncol 31:251-258, 2001



Remodeling of postoperative cavity to closed cavity for intracavitary
chemotherapy with FdUrd
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Study Population

Pt.No. Age/Sex Diagnosis Dose(pg) X Times &t:;rpy Result
1 S.U. 68/F glioblastoma 1x25 none PR
2 SH. G59/F metastatic brain tumor (lung) 2x25 none stable
3 TO. 61/M metastatic brain tumor (lung) 1x 10 chemo+Ra N.E.
4 OT. 50/M recurrent anaplastic astrocytoma 1x25 none CR
5 K.E. 57/F  metastatic brain tumor (breast) 5x21 none CR
6 S.H. 42/F metastatic brain tumor (ovary) 5y 13 none PD
7 M.U. 53/F glioblastoma 10 x 30 none PD
8 KK. 24/F glioblastoma 5x 50 none stable
9 K.K. 58/F recurrent glioblastoma 5X 25 none PD
10 K.F. 60/F glioblastoma 5x29 Ra CR
11 TH. 63/M  metastatic brain tumor (lung) 5 x 25 none CR
12 HT. 59/M malignant change (glioblastoma)  5x 38 Ra CR




pre-chemotherapy  post-chemotherapy pre-chemotherapy post-chemotherapy

1.S.U. 8.K.K.
10. H.F.
4.0.T.
12.HT

5.K.E.




Nakagawa H,et al.: Experimental study on the effect of intracarotid recombinant IL-2 on brain capillary permeability of Gd-DTPA in ENU-

induced rat glioma model-dynamic study using animal MRI system- 97th Anual Meeting of Ameican Society of Cancer Research,
Washington DC, USA, April 1-5, 2006

Measurements of Signal Intensity in Brain Tumor and Surrounding Brain

T: solid region

N: necrotic region
B: surrounding brain

T: tumor

Signal intensity of tumor was measured in solid region of the tumor and signal intensity
of surrounding brain was expressed as a mean value of the three regions.






Pre-treatment

Post-treatment



Histological findings of surgical specimens

from patient with preoperative IL-2 injection




Routine treatment

Latest Standard Therapy for Malignant Glioma: Surgery + Chemotherapy + Radiation

Chemotherapy (temozolomide)(1999)(Malcolm Stevens: Aston Univ. Birmingham)
A dervative of imidazotetrazine(dacarbazine)
Therapeutic benefit depends on the ability to alkylate / methylate DNA
Epigenetic silencing of MGMT, AGT or AGAT gene prevent the synthesis of the enzyme
DNA repaie enzyme: O%-methylguanine-DNA methyltransferase(MGMT)

*MGMTEZ B TREGHE/NIRAZATHLDICEE L THIEFITHRNR o gy

(MGMT methylation did predict improved overall survival (23.2 versus 14.3 months,
P<0.001) and PFS (14.1 versus 8.2 months, P<0.001).

How to overcome over-expression of MGMT

*STAT3 Inhibition Overcomes Temozolomide Resistance in Glioblastoma by Downregulating MGMT
Expression (AL#@EK%) . proteosome inhibitor MG132% B§ & ?

*Levetiracetam enhances p53-mediated MGMT inhibition and sensitizes glioblastoma cells (U138, LN18
and T98G) to temozolomide. Neuro-Oncol 12:917-927, 2010

*Glycogen synthase kinase 3f inhibition sensitizes human glioblastoma cells to temozolomide by affecting
O%-methylguanine DNA methyltransferase promoter methylation via c-Myc signaling

*A triple strategy including siRNA and the PARP inhibitor olaparib further improved the killing effect of
temozolomide

*anti-MGMT sh(short hairpin)RNA therapy

*HDAC inhibitor

*DNA-PK inhibitor NU7026: knock down Rad51 or BRCA2->MGMT;& 4>
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Intro: Is SB a Histone deacetylases (HDACs) Inhibitor ?

Bolden JE et al. Nat Rev Drug Discov ; 9, 2006
Deacetyrated

Histone
d 5 5 ow )
HATs 1 IMDACs }—CH,/\)Lom

ﬁ. Sodium Butyrate (SB)

Hyperacetyrated
Inhibition of prolferation : Cayo MA et al. Am J Trans! Res ; 1, 2009
Induction of apoptosis : Pan L et al. FEBS J ; 277, 2010
:Zhou M et al. J $109, 2010

- ROS d
+Inoue T et al. Cancer Science ; 100, 2009

Fig. 1 Effect of SB on the growth in A172 human

H glioblastoma cells
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Fig. 2 Effect of SB & HDACi (TSA) on senescence
associated f-galactosidase (SA- f-gal)
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Fig. 3 RT-PCR and IB of p21 Waf1/Cip1, p27/Kip1
& p53.in 2 mM SB treated A172 cells
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Sodium butyrate induced cellular senescence and inhibited invasion of cancer cells with distinct mech

Kazuyuki Itoh!), Hidemitsu Nakagawa? and Kiyoko Yoshioka?
(YOsaka Medical Center for Cancer, and 2Nozaki Tokushukai Hosp., Osaka, Japan)

Fig. 4 Effect of SB on the motility, invasiveness &
morphology In A 172 cells
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Fig. 5 Effect of SB on FAK phosphorylation
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Fig. 6 Effect of SB on p21 Waf1/Cip1, p27/Kip1, ps3, SIRT,
FAK ion & MLC
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Fig. 7 Downregulation of COKN1A(p21, Cip1) protein level
by CDKN1A(p21, Cip1) siRNAs (72 h) on motility of A172 cells
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Fig. 8 Effect of SB & CDKN1A(p21, Cip1) siRNAon p21 Waf1/Cip1,

p27/Kip1, p53, p16, FAK phosphorylation in A172 cells
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P21 is required for cellular senescence
but not for motility induced by SB

Summary of experimental results

Motilty & Phospholylation Protein level Cellular
Growth Cellarea Invasion Reversibitty of FAK of p21 4 pS3 senescence
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SB did not affect proteasome activity in vitro. (not shown)

Fig. 9
Animal oxp
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Intrathecal administration
of SB in rat brain

Walker 256 cells transplantation model
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Conclusion

SB reversibly inhibited cell growth, induced cellular
senescence via p21 protein stabilization. SB also reversibly
inhibited cellular motility, invasion with distinct mechanism.

This physiological metabolite would be a good candidate for
anti-invasive therapy without severe adverse effects.

the ibition of motility
induced by SB is currently umﬂr investigation, employing
metabolome analysis.




Sodium Butyrate (B§E&F ~ 1) W L) [TDULVT

1.Sodium butyrate (NaB : BREEF M 1) D LTI BRICHEET S BEIERMBFB TH U 5
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Morphological changes induced by
sodium butyrate (SB) in Walker 256 cells

Red: F-actin



Clinical procedure for continuous intracavitary administrations of
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Case 6 : anaplastic
astrocytoma
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Case 9: anaplastic astrocytoma
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Case 14: glioblastoma
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Case 3: AA with CSF dissemination
of tumor cells
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Response to continuous intrathecal NaB infusion in 5 patients
with cerebrospinal fluid dissemination of tumor cells.
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