20134£9H30H

[EA7EFHHBET— 73 v 71 PAKE]

HABRICEIISERERR ARDIGH

—[=923v7:H

AR DR —

BiRF =ERY &R AR

EFEMAE SRERBEEZS - BHEEsAR"
BBRAZERE HSEZ - S[EBRAED”

A review of the workshop for cancer treatment using hyperbaric oxygenation in the 47™ annual
meeting of the Japanese society of hyperbaric and undersea medicine

Takaaki Beppu" , Kiyotaka Kohshi”

1) Division of Hyperbaric Medicine, Department of Neurosurgery, Iwate Medical University, Morioka, Japan.
2) Division of Hyperbaric Medicine and Emergency Medicine, University Hospital of the Ryukyu, Okinawa,

Japan.

FC&IC

WEAE 11 HISALIBRIC B CEE 4 7 D H A & S HE B 5 -
= VRS SS8s TR ESES SBT3 =N N T VS
SEWTSERE - BRI - ETIHER 20 B AR BdR)
RSN F L, FARBICBNT [T—2vay
7 (WS) - BABER] AR T 2E, BEETE
ST R F IR (hyperbaric oxygenation, HBO2) 7%
FIRBICED IS ITBb - TEh, FEEDLS %
RENEFHCHNED, SHICKFERFTEHR % X —2
LT itat L FRRIR e 2 325 i 5 &9 hudififz
Z—=ry MTTRE»ZWIEIC T2 HIY T, FEEIRT
HBO2 Z it I I SN TV 3 R T DT F 23—
NI TR Z WA R A R S,
Kamd TR O 2 W R EFICBIERL, AT
IWS Ofedtid W3S & LT, EiEHEE HBO2D
BIHDIZOWTHRER I K2 2R OER AL
WERWEY, Ak, EHSHMARESEHIE#ED -
TW5728, NEDZ BN ORI ->TL
FHoTWBZLIITERNZ7ZE 120,

HBO2 D5t #x3E == AEH

HBO2 Ofithl##iE# (radiation therapy: RT) O
S 20 AL A o R ACFgR & 22, T
FRIEGHC K5 DNA 513, MBI T free radicals %

Sk XN 5 peroxide DAE N EE L& #H A2 R 2L
T, ZOERITIESEBES AR THE Y,
LU, %< MR REIS CI3E IS NI 3R 59 23 i
B VEA K FEE2 30mmHg LA FTh B L Eh ',
JESGNOB R S IEE LR XE2ZEnitE kb,
HBO2 3B IE SN R Ex ERSEEZ2Een5
B e 7-fiEaRE S 25, — %2, HBO2iZ
E LR R0 R 55 R C UM B B T & I R 2 (i
SH5, LaLl, BEHHEETIE, EBRETLIZEN
THUMAFAZRE LTI L ah®, AKicbnT
IS FTE IS A RS & hnE X hTRD )
HBO2 1 L2 A D e id e ah 3,

HBO2 % fif i L 7= i % (HBO2+RT) 13 LAwif
ML IETE TR A SN 722y, FRCIESEE S 1
B TIZ A2 7 F ) Y 212X HBO2+RT I3 JEBHH
IZHR, 6.6%DRTHIEIREOREE 725 LW,
LT, 20124 @ Cochrane review T 19 D i
IRIFZEER SRS S, SESEGRAY A C ey i 5 il
PRI, AFROUE, TEENATHRIMHR
BndBZENWDTHMIZEN Y, oIk
WTH HBO2ARTIIHRF CE B LEE RN S 5, FF
12, RITITEEMRENE ] 2 H 2125 single
center experience & LT L MM &E T 3102,
L2LIREENE X ) T4 DEOEIR A7 kL,

EFERAF N&ENT T020—8505 EFEEMMAN19-1
2480 201398 3R =3%EH "2013%F9AH4H

159



160

HAR RSB - WK IR A2 MRS

Cochrane review T & #5512 B U CIEGEC# 23 220y,
AFZ BT RTITPEMR SN T A~ T D sk
HFEZE 2, SMHEEALEEN S, 722, FEEEMEEL
CTHBO2+RT #4717\ 5 2 i i BUIBR D A3 b 1, K fil
BaBCWEEA PRI N S, HlZITHBO2+RT 2°RT
HZ R U CAEGFEIE 2 10% 05 &0 LA &
K ¢ =0.2& 9% L HEE SBUIAIZ 100512 A 5.
ZORAFHEIESHUMR ALK TIE5 281, K
Wi LIRS N3t TOWREEE L UL FREE L A
BDEOPELALL,

ERM R SHREBES I T2 HBO2

WA T B BERRIRO A ERE R LU EE
75 & OIS AHIA TR B At~ BRI 502
FEVEMURRIES T 50 BRI 2332 16
HHNITPPINHBO2 2 BHE N, PHHEZGALZIH
FHIRLE MR T O %A randomized controlled
trial (RCT) TRENTWBEY 2 F7- FERERWY
LEIZ BB EROSE 2 IR T AR K F X
hize ZOMROTE TV 2120 T Bennett 52 A3
WE4E @D Cochrane review THE5ELTW5, FHIZK
2L, 1IHHDORCTIZOWTHRET LZMEE, Dbl
SR RGHEIEIC B DRI E O e, BRI
Wi J OGN, TRk RS R (5 OB EIZ B LT HBO2
BHBLSAMERHP SNz, LAL, fREHIGEE
HIC B3R M Eh k7, Fhid
Bennett 5 2 A kA% 15 (B4 %5 RCT 5 & b
FTH2MLPRMTIENTEE P 522 8I2kD, —
DIFFLAS AN K9 2 TR B 0D gt ek e e 12
BB URREGEIC BT 5502 T, T3S
P O R Aol ek Bt 2 OO Tt A TRE AR A0S D B L 72
0¥ T, WiMELEHBO2OW RAW S IZTE
Bhotz, UL, BB ICE S5
XTHY, BT H 7O M ik R b A R
EUZHIBEREFICET5@m X Th b, ThEE-T,
HBO2 2 R pp ikt 15, & ISR g sE < xt
LAMTHOERIB LT3R S &0,

o G R B ZE LS b L C R HBO2 ik A b T &
72302 BRI, HYTFATRYAN—F A TD
KON B AW K § B IChE, BRERICHRA TS

Vol.48 (3), Sep, 2013

RS A RS RITEF & 5T, Zhicxd
THHIBHR L SIS THIEE LTHBO2 A Tbh
TWB 50 RIS, BRI L0 i
SHNBIIRNAE 23 PR FE X, e/ NEDREAZE (215 R I
PEZALMHE Z D angiopathy DeE R EN B Z EI2 KD R
55, M IMPEZ AL IR A N K KK (vascular
endothelial growth factor, VEGF) #&5E L, ZHIZ
K %5 B 7 LA 3G A & R DR 1 0D (o 5 72 T 2 e 203 i
AHRIFEIEDNRRETh B, 52, MaAHEIEIT
43P VEGF $ifk (bevacizumab, avastin®) % FHv 7=
BB AAS TS, BRI 5
HBO2 O F: 2 1 FIB 1 A5 97 D It & X 5 %2,
&5T, HBO2I3 M S RRIEIEDIREE LT Tl &
<, VHi&UTHIHEAIRNZ Tdh 5 angiopathy D5 [A &
ARG L2 PHI$ 5 Z L B PERINICEREE A
9, R SRS TIdHEH %5 H1IZ angiopathy 21975
Lxh3™, LEn>T, SRSHOFHIZHBO2IZ &
D R IMPEZ L % /2 IR U angiopathy D F 422 Pl
X, ZDHOBAHHIETED 3 % 0]k T & 5l Re 1
WD, ZDO—DDikAE UTEFIENEE 4%
SRS #% 17 A2 & 20 MO HBO2 % i 47 L C Bl #%
VIR S AT A & A7 %Y,

20 Bennett 5 220 review T/ X417 & 5 1k
FIEFEIZH 5 HBO2 DR R LTIl & %5 %
RCT 2B HEDIZE M TH S, Sk, AEzBE
BN B i LA TIT O NEHRED—DOTh L L b
ns,

HBO2 D ES A /EH

KR T PUE S Al O ERE K Fesh Tk
0393 HBO2Z X314 v AlOBIIZBE$ 51588
AT N TE 72, HBO2 DU Al D X 7
ZALFRZE KL DS TOOH, O A
DR & s 2 Ml O R IE, @xm DMl E%
H 2T IR O A RIS A BB O, G
EAARBEEDRIE, RENELZLNTVWSY, WL
T, HBO2 (IMES R+ KO Ml &Z 4 LA ¢
BLEh T3,

(1% KAl % B AL 5 % HBO 12 & 5 Ui 155 71 14
AT 1960 4RSI IR IC iR BR X R, 20



MAETIC BT 2 EXUERRIGROISH— [V =2 >3 97" BAKER ] OffE—

BENIDP B LML ENT B, A TIZES
IZHBO2 IZHs iR S RHE B D 22 21 % <,
PR IEE 2 2 2 < DA Z b T X 72,
1990 £ 5 HBO2 12 kB = by L 7 KR4 5l
BOBEEAEH D X T = X L2 D0 TCin vitrolZ 2 <D
Wk Sh kL A =X LN RIR XN 7=, Bk
L DELT, HBO2IZ X2 M5 M & %\ i3 g i
B9 (blood-brain barrier, BBB) OREE)Hu%E 2 (LI
PES IS DU IS A1 RS 5, FBIIS Y 2N
FDOAH=ZZALELT, HBO2 TREEEN B T7) -5V
T KBRS — 5 g M R (L B A | %k
3R B EEAL, 2 LR A ERIC B R
ZAHHEPN 27U 8 52 2 DI 703l R 3 0 I oD
Bconno e HEHIL, BT TIRAIIZHNT,
HBO2 (2 K2 FEWONGNEAT HEGEHED 2 = X 412
LT, BBBIZIHWTCHAIAZ AT 328 1T
TFET5PHEEANEH SN Tk, HBO2iZBBB
2B T2 PR EAIIHIL, BBBOWAH L
REA (K T X BT B ATREME S HEMI X T 51947, 1)
LD &KHIZ, HBO2IZ XA HilEE A OBEIMEH-IT X &
LEhAHNZZLNEG LT REN D 5, L
L, ZN6DOMENETRTin vitro DFEERFERTH D,
i &7z cell line, FEISET L DENZLS>TEZ
XN BRER SR AD Z LA PHERS Y,

t b AR S L d5 1 5 HBO2 O 7t JiE 955 741 5
FEAE FH U B9 B B R R BR D 130k 72 A e 49050,
HBO2 Lt i A o i FH T O E D — D13,
HBO2 fiiaf1& HilEE A 5- OB D 24 IV 7 Th B,
A ORISR TIZE T 2 RIS, SEAIDEW,
JEIZ DEN DI E T NE ks, HBO2 THYs
SN B PUEIG AIOMRE, AL 32O,
FHOREITA A4 IV T GO RE NS HROBETH A
Do

SEW
1) Mayer R, Hamilton-Farrell MR, van der Kleij AJ, et
al: Hyperbaric oxygen and radiotherapy. Strahlenther
Onkol 2005; 181: 113-123.
2) INEHDK - BB AE 2 — b (B4 - iz ok
. 2001; pp 18-28

3) Knisely JP, Rockwell S: Importance of hypoxia in the
biology and treatment of brain tumors. Neuroimaging
Clin N Am 2002; 12: 525-536.

4) Gray LH, Cogner AD, Ebert M, et al: The
concentration of oxygen dissolved in tissues at the
time of irradiation as a factor in radiotherapy. Br J
Radiol 1953; 26: 638-648.

5) Beppu T, Kamada K, Yoshida Y, et al: Change of
oxygen pressure in glioblastoma tissue under various
conditions. J Neurooncol 2002; 58: 47-52.

6) Kayama T, Yoshimoto T, Fujimoto S, Sakurai Y:
Intratumoral oxygen pressure in malignant brain
tumor. J Neurosurg 1991; 74: 55-59.

7) Rampling R, Cruickshank G, Lewis AD, Fitzsimmons
SA, Workman P: Direct measurement of pO2
distribution and bioreductive enzymes in human
malignant brain tumors. Int J Radiat Oncol Biol Phys
1994; 29: 427-431.

8) Moen I, Oyan AM, Kalland KH, et al: Hyperoxic
treatment inducesmesenchymal-to-epithelial
transition in a rat adenocarcinoma model. PL.oS One
4:¢6381

9) Feldmeier J, Carl U, Hartmann K, Sminia P:
Hyperbaric oxygen: does it promote growth or
recurrence of malignancy? Undersea Hyperb Med
2003; 30:1-18.

10) Moen I, Stuhr LEB: Hyperbaric oxygen therapy and

cancer—a review. Targ Oncol 2012; 7:233-242.

11) Brizel DM, Hage WD, Dodge RK, et al: HBO improves
tumor radiation response significantly more than
carbogen/nicotinamide. Radiat Res 1997; 147: 715-
720.

12) Hartmann KA, van der Kleij AJ, et al: Effects of
hyperbaric oxygen and normobaric carbogen on the
radiation response of the rat rhabdomyosarcoma
RI1H. Int J Radiat Oncol Biol Phys 2001; 51: 1037-
1044.

13) Watson ER, Halnan KE, Dische S, et al: Hyperbaric
oxygen and radiotherapy: a Medical Research Council
trial in carcinoma of the cervix. Br J Radiol 1978;
51: 879-888.

14) Saunders M, Dische S: Clinical results of hypoxic
cell radiosensitisation from hyperbaric oxygen to
accelerated radiotherapy, carbogen and nicotinamide.
Br J Cancer 1996; 74, 271-278.

15) Bennett M.H, Feldmeier J, Smee R, Milross C:
Hyperbaric oxygenation for tumour sensitisation

to radiotherapy. Cochrane Database Syst Rev,

161



162

HAR RSB - WK IR E 2 MRS

CD005007.

16) Kohshi K, Kinoshita Y, Imada H, Kunugita N, Abe
H, et al: Effects of radiotherapy after hyperbaric
oxygenation on malignant gliomas. Br J Cancer 1999;
80: 236-241.

17) Beppu T, Kamada K, Nakamura R, et al: A phase II
study of radiotherapy after hyperbaric oxygenation
combined with interferon-beta and nimustine
hydrochloride to treat supratentorial malignant
gliomas. J Neurooncol 2003; 61: 161-170.

18) Ogawa K, Yoshii Y, Inoue O, et al: Phase II trial
of radiotherapy after hyperbaric oxygenation with
chemotherapy for high-grade gliomas. Br J Cancer
2006; 95: 862-868.

19) Ogawa K, Ishiuchi S, Inoue O, et al: Phase II trial
of radiotherapy after hyperbaric oxygenation with
multiagent chemotherapy (procarbazine, nimustine,
and vincristine) for high-grade gliomas: long-term
results. Int J Radiat Oncol Biol Phys 2012; 82: 732-
738.

20) Kohshi K, Yamamoto H, Nakahara A, Katoh T,
Takagi M: Fractionated stereotactic radiotherapy
using gamma unit after hyperbaric oxygenation on
recurrent high-grade gliomas. J Neurooncol 2007;
82: 297-303.

21) Pasquier D, Hoelscher T, Schmutz J, et al:
Hyperbaric oxygen therapy in the treatment of radio-
induced lesions in normal tissue: a literature review.
Radiother Oncol 2004; 72: 1-13.

22) Clarke RE, Tenorio LM, Hussey JR, et al:
Hyperbaric oxygen treatment of chronic refractory
radiation proctitis: a randomized and controlled
double-blind crossover trial with long-term follow-
up. Int J Radiat Oncol Biol Phys 2008; 72: 134-143.

23) Bennett MH, Feldmeier J, Hampson N, Smee R,
Milross C: Hyperbaric oxygen therapy for late
radiation tissue injury. Cochrane Database Syst Rev
2012, doi: 10.1002/14651858.CD005005.pub3

24) Pritchard J, Anand P, Broome J,et al: Double-blind
randomized phase II study of hyperbaric oxygen in
patients with radiation-induced brachial plexopathy.
Radiother Oncol 2011; 58: 279-286.

25) Hulshof MC, Stark NM, van der Kleij A, et al:
Hyperbaric oxygen therapy for cognitive disorders
after irradiation of the brain. Strahlenther Onkol
2002; 178: 192-198.

26) Chuba PJ, Aronin P, Bhambhani K, et al: Hyperbaric

oxygen therapy for radiation-induced brain injury in

Vol.48 (3), Sep, 2013

children. Cancer 1997; 80: 2005-2012.

27) Chin LS, Ma L, DiBiase S: Radiation necrosis
following gamma knife surgery: a case-controlled
comparison of treatment parameters and long-term
clinical follow up. J Neurosurg 2001; 94: 899-904.

28) Leber KA, Eder HG, Kovac H, Anegg U, Pendl G:
Treatment of cerebral radionecrosis by hyperbaric
oxygen therapy. Stereotact Funct Neurosurg 1998; 70
(suppl 1) : 229-236.

29) Kohshi K, Imada H, Nomoto S, et al: Successful
treatment of radiation-induced brain necrosis by
hyperbaric oxygen therapy. J Neurol Sci 2003; 209:
115-117.

30) Lynn M, Friedman WA: Hyperbaric oxygen in the
treatment of a radiosurgical complication: technical
case report. Neurosurgery 2007; 60: E579.

31)Miyatake S, Furuse M, Kawabata S, et
al: Bevacizumab treatment of symptomatic
pseudoprogression after boron neutron capture
therapy for recurrent malignant gliomas. Report of 2
cases. Neuro Oncol 2013; 15: 650-655.

32) Jain KK: HBO therapy in the management of
radionecrosis. In: Jain KK, ed. Texbook of hyperbaric
medicine. MA, USA; Hogrefe and Huber Publishers.
2004; ppl67-177.

33) Kondziolka D, Lunsford LD, Claassen D, Maitz AH,
Flickinger JC: Radiobiology of radiosurgery: part I.
The normal rat brain model. Neurosurgery 1992; 31:
271-279.

34) Ohguri T, Imada H, Kohshi K, et al: Effect of
prophylactic hyperbaric oxygen treatment for
radiation-induced brain injury after stereotactic
radiosurgery of brain metastases. Int J Radiat Oncol
Biol Phys 2007; 67: 248-255.

35) Shannon AM, Bouchier-Hayes DJ, Condron CM,
Toomey D: Tumour hypoxia, chemotherapeutic
resistance and hypoxia-related therapies. Cancer
Treat Rev 2003; 29: 297-307.

36) Akl — KB IRIREEIZ 3513 B & b IR/ i i i e
WDL 277 FVEZIEORE  ERKE T 2EES

76 1999 ; 108 : 233-240.

37) Al-Waili NS, Butler GJ, Beale J, et al: Hyperbaric
oxygen and malignancies: a potential role in
radiotherapy, chemotherapy, tumor surgery and
phototherapy. Med Sci Monit 2005; 11: RA279-289.

38) HUGHE M« SiEme sk & S O G HRIRIZOWT 9%
DERIR 1969 ; 15 : 695-698.

39) AKIZE : TL A A v v LSRR OFHREICEE 35



DA B2 BXEBFIRIROISH— [V =2 v a9 7 BRAHER] OREE—

FEREREEIRWEZE . R 1982 ; 52 @ 33-42.

40) Bk 1 - F2BR B MENE %5 1t 475 ACNU & & XU g
HROPUEBIZ R . BARMWIKEGFH A2 MRS 1987 5 78 ¢
899-906.

41) Wheeler RH, Dieks JW, Lunardi I, et al: Effect of
hyperbaric oxygen on the cytotoxicity of adriamycin
and nitrogen mustard in cultured Burkitt, s lymphoma
cells. Cancer Res 1979 ; 39 : 370-375.

42) Alagoz T, Buller RE, Anderson B, et al: Evaluation
of hyperbaric oxygen as a chemosensitizer in the
treatment of epithelial ovarian cancdr in xenografts
in mice. Cancer 1995; 75 : 2313-2322.

43) akvEkE, SHEE, BAG, b EGERE SKUERR
HABXUEBRBIR A2 MR8 1998 ; 33 :81-90.

44) HINHE, MHEgE, SadE, i SxUERREERIC
K2 PUEAIORE RN RIZBI 5 EERNIT7E HAEX
JEBRIR R A2 HERE 1993 ; 28 - 127-133.

45) “FJINE : Pl IS 0 R—IE L Bk L O B — & U
W SRR KB PUEHIONR R HAGSIEREIR
FEMERE 1997 5 31 : 205-214.

46) Yamazaki H, Shimizu M, Murayama N, et al:
Increased transendothelial permeability of anticancer
agent carboplatin with the aid of hyperbaric
oxygenation. Xenobiotic 2008; 38: 1298-1304.

47) Suzuki Y, Tanaka K, Neghishi D, et al: Increased
distribution of carboplatin, an anti-cancer agent, to
rat brains with the aid of hyperbaric oxygenation.
Xenobiotica 2008; 38: 1471-1475.

48) Kalns J, Krock L, Piepmeier E Jr: The effect of
hyperbaric oxygen on growth and chemosensitivity of
metastatic prostate cancer. Anticancer Res 1998; 18:
363-367.

49) Suzuki Y, Tanaka K, Negishi D, et al:
Pharmacokinetic investigation of increased efficacy
against malignant gliomas of carboplatin combined
with hyperbaric oxygenation. Neurol Med Chir
(Tokyo) 2009; 49: 193-197.

50) Wiz, EHEZ, fEAEK, EwhE, SHEd.
S IR I IER L2 97 % iy 5o I SR 3 0 R AL o 0
DAY, In: MR () . MEIEES O SMRE KPR #
74 A1k .2005; pp326-333

163



