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Chart 1. Composite cell survival curves. This is a semilog plot of cell
survival versus the time of hyperthermic exposure of cells at various

J 4
temperatures. Cell survival is given as a percentage of the 37° control. GE 6860 pEVn

Numbers in parentheses, number of experiments used to obtain the

curve. The standard deviation is given for each point. eepuo Kpacia.
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Studies on the quantitative biology of hyperthermic killing of Hela cells.
Cancer Palzer RJ, Heidelberger C.

Research Cancer Res [Internet]. 1973 Feb [cited 2013 May 18];33(2):415-21.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/4688889
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Chart 1. The percentage of surviving melanoma cells and fetal melano- Chart 2. The percentage of surviving colon carcinoma cells and fetal
cytes as a function of the duration of exposure to 43° (mean * S.D. of pooled intestinal cells as a function of the duration of exposure to 43° (mean + S.D.
experiments given). Data from Table 1. At 4 and 8 hr, the difference in heat of pooled experiments given). Data from Table 2. At 2 and 4 hr, the difference
sensitivity between fetal melanocytes and melanoma cells is statistically in heat sensitivity between fetal intestinal cells and colon carcinoma cells is
significant, p < 0.05 and p < 0.01, respectively. statistically significant (p < 0.01).

ZUYKPLTIKEG LEAETEC O KAAALEPYELEC
avOpwrivwv GUGLOAOYLKWV KAl VEOTIAQGUATIKWY KUTTAPWV,
oV eKTEONKav o€ Oeppokpaocieg 42.5-43.0°C ywa 4-8 wpeg,
avederav vpniotepa MOcoaTa BAVATWONC TWV VEOTAQGHRATIKWV KUTTAPWV
MUE OTATLOTIKI) onpavtikdtnta (p<0.01)

Athanasios Kleontas Cancer Selective lethal effect of supranormal temperatures on human neoplastic cells.
BSc, MID, MSc, BTS, PhD R h Giovanella BC, Stehlin JS Jr, Morgan AC.
Thovacic Surgery esearc Cancer Res. 1976 Nov;36(11 Pt 1):3944-50.
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Principles

i Skin B Muscle

Blood Flow (ml/100g/min)

Heating Time (min)

KOLL LLETOL OLTTO KAUTTOLO XPOVLKO SLACTNLOL — TO OTTOLo EEQPTATAL QIO TO
£160¢ Tov veonmAdaopartog Ko To U o¢ TG Osepokpaciog,
ONUELWVETOLL n omoia opelAeTOL OE

Kol

—
Athanasios Kleontas C a ncer Effect of local hyperthermia on blood flow and microenvironment: a review.
1D, M Song CW

Rssgé!' ch Cancer Res. 1984 Oct;44(10 Suppl):47215-4730s.
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(A) Surface Molecules on Heated Tumor Cells

« MICAA (after 39.5°C, 6h)

* MHCI A (after 43°C, 30min)

NKG2DL MHCI
heated tumor cell

(A) ‘Ex@paon popiwv MICA, MHCI otnv em@Aaveia KapKIvVIKwV KUTtdpwv mou urtoaiovtal og uniebeppia

Natural Killers (NK) kUttapa

. H Twv MICA (ouvdetiv Twv StapepBpavikiv unodoxéwv NKG2D)
0e395Cyia6h

. H Twv MHC class | (oupmAéypara iotooupBatétnrag) NKG2D :
og 43 Cyia 30 min )
yeyovéta mou KaBlotouv o evaioBnta ta KUtTapa Tou 6yKou NKG2DL
otnv kKuttapoéAvori Toug anéd ta NK kat CD8 kuttapa KapKIvikd kUTtapa uné uneBeppia

Athanasios Kleontas

Cancer Local tumour hyperthermia as immunotherapy for metastatic cancer
Seiko Toraya-Brown1 & Steven Fiering
Int ) Hyperthermia, 2014; 30(8): 531-539
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Principles

(B) Heat Shock Proteins

* heated tumor cells release HSPs
= HSPs activate NK cells

* HSPs bind to TLR2 and TLR4 on APCs i
« HSPs transfer potential tumor antigens to APCs ﬂm
» APCs then cross present antigens to CD8* T cells &>

(B) Mpwreiveg Beppukov ook (Heat Shock Protein - HSP)

¢ Ta kapkvikd kUttapa unéd unepBeppia aneAevBepwvouv HSPs
* O1HSPs evepyorololv ta NK kuttapa

* O1 HSPs petagépouv mBavda oyko-avtiyéva ota APC kuttapa
* Ta APC kUttapa napovaidlouv ta avittyéva ota CD8 kuttapa

Athanasios Kleontas C a ncer Local tumour hyperthermia as immunotherapy for metastatic cancer
J ! 1S, PhD Seiko Toraya-Brown1 & Steven Fiering

Int ) Hyperthermia, 2014; 30(8): 531-539
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Principles

(C) Exosomes

* heated tumor cells release exosomes

» exosomes transfer potential tumor antigens to APCs
» APCs then cross present antigens to CD8* T cells

» exosomes also contain chemokines

(C) E€wowparta (Exosomes) - kuoTidia mou PETapEéPouv OUoieC

* Ta kapkvika kuttapa unéd unepBeppia anedevBepwvouy e§wowpata
* Ta e§wowpara petagpépouv mbavda oyko-avtyéva ota APC kUttapa
» Ta APC kuttapa napouvaidlouv ta avtryéva ota CD8+ T kUTtapa

* Ta e§WoWpPATA EUMEPIEXOLV XNUEIOTAKTIKEG KUTOKIVEC (XNHEIOKIVES)

Atlnanasms Kleontas

Cancer Local tumour hyperthermia as immunotherapy for metastatic cancer
Seiko Toraya-Brown1 & Steven Fiering

Researc IntJ Hyperthermia, 2014; 30(8): 531-539
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(D) Direct Effects on Immune Cells
* NKG2D A on NK cells (after 39.5°C, 6h)

« CD8* T cell activity A (after 39.5°C, 6h)

» activate DCs (after 39.541°C, 6-24h)

(D) Apeoeg emdpaoelg oTa avooomnoInTiKa KUttapa

. H Twv SlapepBpavikdv unodoxéwv NKG2D ota NK kuttapa IFNy A MHCI MHCII
0e395Cyia6h NKG2D ‘
o ™m¢ dpaompiétntag twv CD8+ T Kuttdpwy
0e395Cyia6h

» Evepyonoinon twv devdpitikwv kuttdpwv (Dendritic Cell - DC)
0£39.541Cyia6-24h

i =
Athanasios Kleontas Cancer Local tumour hyperthermia as immunotherapy for metastatic cancer
i ! 8BTS, PhD Seiko Toraya-Brown1 & Steven Fiering

Int ) Hyperthermia, 2014; 30(8): 531-539
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(E) Tumor Vasculature

* improve tumor perfusion (after 42°C, 1h)

(E) Avyeiwon 6ykwv
* Betiwon g aamKric KuKAoopiaq Twv Gykwy T~
ce42Cyalh (\dLN\/%%g:
-~ =

¢ MBavr} avénon ¢ Ekppaong Twv popliwv TPOOKOAANONG

o [MiBavr| ieuk6Auvon TG “emkovwviag” petagd Kuttdpwy Tou dykou Kat dLN

Local tumour hyperthermia as immunotherapy for metastatic cancer
Seiko Toraya-Brown1 & Steven Fiering
Int ) Hyperthermia, 2014; 30(8): 531-539

Athanasios Kleontas
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Hyperthermia in Cancer Treatment

ON THIS PAGE

» What is hyperthermia?

» How is hyperthermia used to treat cancer?

« What are the different methods of hyperthermia?

» Does hyperthermia have any complications or side effects?

« What does the future hold for hyperthermia?
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TENIKH AIEY@YNIH ANGOPONINON NOPON
KAl AIOIKHTIKHE YNOZTHPIZHE
AIEYOYNIH ANANTY=HI MONAAQN YTEIAZ
TMHMA NAPOXON YMHPEZIOQN YTEIAZ
KAl OPTANQIHE KAl YTIOEZTHPIZHE
TON YTEIONOMIKQN NEPIDEPEION
Tay. Kwdwkag : 104 33

Tay. MedBuvan : Apwototédoug 17
NAnpodopieg: B.Towapmahn
Tnhédwvo: 213-2161460

FAX : 210-5239238

ABiva, 26,/9/2016

Ap1Bp. Npwr.:A3(y)/owk.70972

ANOMAIH
ANANAHPQTH YNOYPIOY YTEIAZ

BEMA: KaBopuopde dpwv, npolinobécewy kal evbeifewv ya tnv edappoyn g
peBodou g Kuttapopewtikng Xewpoupyiknc kat Evbonepirovaikn ¢ YnepBeppikrg
XnuewBepaneiag (HIPEC), afoldynon Noookopeiwy ko IGuwtikwy KAvikow we

rataddnha yua tn Slevépyewa tne.

O AN. YNOYPrOZ YTEIAL
‘Exovrag undn,
A) Tie Surddei:
1tou NA. 73/2015 (DEK 116/A°) «Awoplopos Yrouvpywy, Avaminpwiwy Yrovpyww
waL Yhbumoupywvs.
21ov apBpou 7. map. 1 tou N.1397/83 (DEK143/A°/83) «EBvikd Ivotnpa Yyeicags,
onwe enavadépbnke oe wyd pe o dpBpo 14 tou N.2519 (DEK165/A'/97) wAvdntuln
KOL EKOUYXPOVIOROS Tou EBvikol Zuotnpatog Yyeioc, opydvwon TN UyELOVOULKLV
unnpeowwv, puBpioewg yua 1o dpappaxko ko arheg Siatdeigs.
3wy dpBpwv 3 map.?2 kol 4 mapd touv NA27E/82 «Na ovotoon Kevipukol
ZupPouvhkiou Yyeiagw (DEK 105/A°/82) dmwe enavadépbnke oe w0 pe o0 apbpo 1
Tou N. 2194,/94 (DEK 34/A’/94) «Anoxkardotaon tov EBvikod Iuvotiparog Yyeiag kot
adhe; GSuwratewgr, oto omoio nepidBav ou appobdtnreg Tou  AvtaTou
Yyewvopkol Zupfoudiou, koBwe ko autr tou dpBpou 7 tou AN, 200/1967 (DEK
215/8° /1967).
4. tou dpBpouv 2, map.2, tou v. 1471/1984 (MEK 112/A°) «ha ) pOBpwon
NoonAeutkwy 1Spupdtwy, Aypotwwv latpeiwv kou Yyewovopuawov ItaBpov kol
alwv ouvaduv Suatdalewvs.
5. tou apBpou 53, map.3, tov v.1892/90 (DEK 101/A°) «Ma TOV EKOUYYXPOVLOHO KL
v avantugn ko ahieg Suarateigs.

AAA: BH2H4650Y0-04¢

6. mv apiBip. Y 25 amépoon (PEK 2144/B7/6-10-2015) «AvaBeon
appobiomTwy aTov Avarthnpwtr] Ymoupyo Yyeiag Nadio Mohdxns.
B) Tnv um’ api8p. 11 anddaon g 252n0¢/15-12-2015 Ohopgdeiag tou KELY.
I Tnv apBp. A3y /ow.70927/26-9-2016 anodaon amoboyng tng um’ apiBp. 11
anddaong g 252ng/15-12-2015 Olopéheiag tou KE.LY.
A) To apBp. mpwt. 11710/6-6-2014 éyypado touv TENIKOY ANTIKAP/KOY
NOZOKOMEIOY NEIPAIA « METAZAR.
E) Tnv avaykn kxBoplopod opuwv, npolnoBeoewy ko evbeifewv yua v edappoyn
e  peBodou g KuttopopswTiknc  Xewpoupyikrg kol EvBomepirovaikng
¥YrepBeppiknc Xnpewobepaneiag (HIPEC), oe Noookopsia kol 16uwnikée Khvikéc kol
kaBopLopos tou Khewotod EMAnvikow Noonhiov autrc.
IT) To yeyovog ot and g Swrdfew tne mapoloas Yrmoupywnc Anodaonc bev
npokaizital Sandvn o Bapog Tou kpaTwkoU MpolimoAkoyiopo.

ANODAIIZOYME

KaBopifpups toug opouc, mpounoBéoew kar evbeifel yua v edappoyn g
peBodou g Kuttapopewtikns Xewpoupywns kot EvBonepovaiknc YnepBeppuikng
XnuewBepaneiac (HIPEC), tnv aflohdynon Nocokopeiwy kot 16wty KAvikoy we
KOTAAANAT yua Tn SievEpyela tng, we axoholBwc:

ApBpo 1
KaBopuwopde twv evbeifewv yna v edappoyr g pebodou g Kuttapopewwtiknc
Xewoupyknc kot EvBonepirovaikng YnepBepuwnc XnuewoBepaneiag (HIPEC):

A) AmoAuteg evbeifelc mou adopolv :

1. To Yeubopofwpn Tou neprovaiou

2. To pecoBniiwpia Tou Mepitovaiou

3. Neprrovaikn KapKvwpdtwor opBokodkol KapKWDPLaTOC

4, Neprrovaikr oaprwpaTwan

5. Meprrovaikn KIpKIVOPATWON Qnd UmoTPOonT KepKIvpaTed wobnkuw

B) Ixetwkéc evbeibew mou adopolv :

1. Nepitovaikr KopkvwPATwon and vedmhaopa otopdyou pe Ssiktn meprovaikng
KAPKWWHATWOTG JUKPOTEPD Tou 10

2. Neprrovaikn Kapkvwpdtwon and kepkivwpa tou eviountpiou

3. Meprrovaikn KEpKVOPATWoN O npwiobioyvwobév kapkivwpa Twy wobnkuv
(otdbuwo 3 ko 4)

') Evéeifews mou Bplokovtal und Epeuva:

1. Neprrovalkn KEpKIVWRATWO and KapKivwpo MayKPEAToc

2. Neprrovaikn KOpKVWRATWoN and kapkivwpa tpayiiou phitpag

3. Ie aoBeveic udniol kivbivou pe opBoloyikd kapkivo

Ie kafe nepintwon anapaitnon npounoBeon yw tnv edappoyn tne peBosou eivar n
GLEVEpYELD EMOPKIC KUTTAPOUEiwonC bebopévou o n Gpaon g unepBeppiag
neplopiletal ota 3 e Smm.

HCTSS Thoi
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Clinical outcomes of cytoreductive surgery combined with intrapleural perfusion of hyperthermic chemotherapy in advanced lung
adenocarcinoma with pleural dissemination.

Yi E, Kim D, Cho S, Kim K, Jheon S.

J Thorac Dis. 2016 Jul;8(7):1550-60. doi: 10.21037/jtd.2016.06.04.

PMID:27499943

EGFR kinase domain mutation positive lung cancers are sensitive to intrapleural perfusion with hyperthermic chemotherapy (IPHC)
complete treatment.

Zhang H, Zhan C, Ke J, Xue Z, Zhang A, Xu K, Shen Z, Yu L, Chen L.

Oncotarget. 2016 Jan 19;7(3):3367-78. doi: 10.18632/oncotarget.6491.

PMID:26654941

[Impact of intrapleural hyperthermic perfusion on immunologic reaction state of cytokines TH1/TH2 of lung carcinoma patients with
malignant pleural effusion].

Kang MQ, Cao YP, Deng F.

Ai Zheng. 2008 Feb;27(2):210-3. Chinese.

PMID:18279624

Combined surgery of intrapleural perfusion hyperthermic chemotherapy and panpleuropneumonectomy for lung cancer with advanced
pleural spread: a pilot study.

Shigemura N, Akashi A, Ohta M, Matsuda H.

Interact Cardiovasc Thorac Surg. 2003 Dec;2(4):671-5.

PMID:17670154

Hyperthermic pleural perfusion with cisplatin: early clinical experience.
Yellin A, Simansky DA, Paley M, Refaely Y.

Cancer. 2001 Oct 15;92(8):2197-203.

PMID:11596038

Athanasios Kleontas
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Clinical outcomes of cytoreductive surgery combined with intrapleural perfusion of hyperthermic chemotherapy in advanced lung
adenocarcinoma with pleural dissemination.

Yi E, Kim D, Cho S, Kim K, Jheon S.

J Thorac Dis. 2016 Jul;8(7):1550-60. doi: 10.21037/jtd.2016.06.04.

PMID:27499943

EGFR kinase domain mutation positive lung cancers are sensitive to intrapleural perfusion with hyperthermic chemotherapy (IPHC)
complete treatment.

Zhang H, Zhan C, Ke J, Xue Z, Zhang A, Xu K, Shen Z, Yu L, Chen L.

Oncotarget. 2016 Jan 19;7(3):3367-78. doi: 10.18632/oncotarget.6491.

PMID:26654941

[Impact of intrapleural hyperthermic perfusion on immunologic reaction state of cytokines TH1/TH2 of lung carcinoma patients with
malignant pleural effusion].

Kang MQ, Cao YP, Deng F.

Ai Zheng. 2008 Feb;27(2):210-3. Chinese.

PMID:18279624

Combined surgery of intrapleural perfusion hyperthermic chemotherapy and panpleuropneumonectomy for lung cancer with advanced
pleural spread: a pilot study.

Shigemura N, Akashi A, Ohta M, Matsuda H.

Interact Cardiovasc Thorac Surg. 2003 Dec;2(4):671-5.

PMID:17670154

Hyperthermic pleural perfusion with cisplatin: early clinical experience.
Yellin A, Simansky DA, Paley M, Refaely Y.

Cancer. 2001 Oct 15;92(8):2197-203.

PMID:11596038
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Pleurectomy/decortication and hyperthermic intrapleural chemotherapy for malignant pleural mesothelioma: initial experience.
Migliore M, Calvo D, Criscione A, Palmucci S, Fuccio Sanza G, Caltabiano R, Spatola C, Privitera G, Aiello MM, Parra HS, Ciancio N, Di
Maria G.

Future Oncol. 2015;11(24 Suppl):19-22. doi: 10.2217/fon.15.286.

PMID:26638918

Interim results of pleurectomy/decortication and intraoperative intrapleural hyperthermic cisplatin perfusion for patients with
malignant pleural mesothelioma intolerable to extrapleural pneumonectomy.

Ishibashi H, Kobayashi M, Takasaki C, Okubo K.

Gen Thorac Cardiovasc Surg. 2015 Jul;63(7):395-400. doi: 10.1007/s11748-015-0535-x. PMID:25750109

Pleurectomy/decortication, hyperthermic pleural lavage with povidone-iodine, prophylactic radiotherapy, and systemic chemotherapy in
patients with malignant pleural mesothelioma: a 10-year experience.

Lang-Lazdunski L, Bille A, Papa S, Marshall S, Lal R, Galeone C, Landau D, Steele J, Spicer J.

J Thorac Cardiovasc Surg. 2015 Feb;149(2):558-65; discussion 565-6. doi: 10.1016/j.jtcvs.2014.10.041.PMID:25726878

[Hyperthermic chemoperfusion of the pleural cavity in the combined treatment for malignantpleural mesotheliomal.
Levchenko EV, Mamontov Olu, Senchik Klu, Barchuk AS, Gel'fond ML.

Vopr Onkol. 2014;60(4):482-5. Russian.

PMID:25552068

Multimodal management of malignant pleural mesothelioma: where are we today?

Van Schil PE, Opitz |, Weder W, De Laet C, Domen A, Lauwers P, Hendriks JM, Van Meerbeeck JP.
Eur Respir J. 2014 Sep;44(3):754-64. doi: 10.1183/09031936.00207213.

PMID:24525443

Intraoperative hyperthermic chemotherapy perfusion for malignant pleural mesothelioma: an in vitro evaluation.
Cameron RB, Hou D.

J Thorac Cardiovasc Surg. 2013 Feb;145(2):496-504. doi: 10.1016/j.jtcvs.2012.10.042.

PMID:23174177
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Hyperthermic intraoperative pleural cisplatin chemotherapy extends interval to recurrence and survival among low-risk patients with
malignant pleural mesothelioma undergoing surgical macroscopic complete resection.

Sugarbaker DJ, Gill RR, Yeap BY, Wolf AS, DaSilva MC, Baldini EH, Bueno R, Richards WG.

J Thorac Cardiovasc Surg. 2013 Apr;145(4):955-63. doi: 10.1016/j.jtcvs.2012.12.037. PMID:23434448

Local and systemic exposure of cisplatin during hyperthermic intrathoracic chemotherapy perfusion after pleurectomy and decortication
for treatment of pleural malignancies.

Ried M, Potzger T, Braune N, Diez C, Neu R, Sziklavari Z, Schalke B, Hofmann HS.

J Surg Oncol. 2013 Jun;107(7):735-40. doi: 10.1002/js0.23321.

PMID:23386426

Intraoperative hyperthermic chemotherapy perfusion for malignant pleural mesothelioma: an in vitro evaluation.
Cameron RB, Hou D.
J Thorac Cardiovasc Surg. 2013 Feb;145(2):496-504. doi: 10.1016/j.jtcvs.2012.10.042. PMID:23174177

Cytoreductive surgery and hyperthermic intrathoracic chemotherapy perfusion for malignant pleural tumours: perioperative
management and clinical experience.

Ried M, Potzger T, Braune N, Neu R, Zausig Y, Schalke B, Diez C, Hofmann HS.

Eur J Cardiothorac Surg. 2013 Apr;43(4):801-7. doi: 10.1093/ejcts/ezs418.

PMID:22885228

Pharmacokinetics of Hyperthermic Intrathoracic Chemotherapy following Pleurectomy and Decortication.
Sugarbaker PH, Stuart OA, Eger C.

Gastroenterol Res Pract. 2012;2012:471205. doi: 10.1155/2012/471205.

PMID:22548052

Extrapleural pneumonectomy followed by intracavitary intraoperative hyperthermic cisplatin with pharmacologic cytoprotection for
treatment of malignant pleural mesothelioma: a phase Il prospective study.

Tilleman TR, Richards WG, Zellos L, Johnson BE, Jaklitsch MT, Mueller J, Yeap BY, Mujoomdar AA, Ducko CT, Bueno R, Sugarbaker D).
J Thorac Cardiovasc Surg. 2009 Aug;138(2):405-11. doi: 10.1016/j.jtcvs.2009.02.046.

PMID:19619785
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Indications

A phase | study of extrapleural pneumonectomy and intracavitary intraoperative hyperthermic cisplatin with amifostine cytoprotection
for malignant pleural mesothelioma.

Zellos L, Richards WG, Capalbo L, Jaklitsch MT, Chirieac LR, Johnson BE, Bueno R, Sugarbaker DJ.

J Thorac Cardiovasc Surg. 2009 Feb;137(2):453-8. doi: 10.1016/j.jtcvs.2008.07.055.

PMID:19185169

Hyperthermic chemoperfusion for the treatment of malignant pleural mesothelioma.

Mujoomdar AA, Sugarbaker DJ.

Semin Thorac Cardiovasc Surg. 2008 Winter;20(4):298-304. doi: 10.1053/j.semtcvs.2008.11.002. Review.
PMID:19251168

Induction of apoptosis by intrapleural perfusion hyperthermo-chemotherapy for malignant pleuralmesothelioma.
Matsuzaki Y1, Tomita M, Shimizu T, Hara M, Ayabe T, Onitsuka T.
Ann Thorac Cardiovasc Surg. 2008 Jun;14(3):161-5.

Intrapleural hyperthermic perfusion with chemotherapy increases apoptosis in malignant pleuritis.
Matsuzaki Y1, Edagawa M, Shimizu T, Hara M, Tomita M, Ayabe T, Onitsuka T.
Ann Thorac Surg. 2004 Nov;78(5):1769-72.
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Surgical Approaches for Stage IVA Thymic Epithelial Tumors.

Shapiro M, Korst RJ.

Front Oncol. 2014 Jan 14;3:332. doi: 10.3389/fonc.2013.00332. Review.
PMID:24459636

[Radical pleurectomy and hyperthermic intrathoracic chemotherapy for treatment of thymoma with pleural spread].
Ried M, Neu R, Schalke B, Sziklavari Z, Hofmann HS.

Zentralbl Chir. 2013 Oct;138 Suppl 1:552-7. doi: 10.1055/5-0033-1350869. German.

PMID:24150857

Cytoreductive surgery combined with hyperthermic intrapleural chemotherapy to treat thymoma or thymic carcinoma with pleural
dissemination.

Yul, ling Y, Ma S, Li F, Zhang YF.

Onco Targets Ther. 2013 May 10;6:517-21. doi: 10.2147/0TT.S41347.

PMID:23690692

Induction chemotherapy, cytoreductive surgery and intraoperative hyperthermic pleural irrigation in patients with stage IVA thymoma.
Belcher E, Hardwick T, Lal R, Marshall S, Spicer J, Lang-Lazdunski L.

Interact Cardiovasc Thorac Surg. 2011 May;12(5):744-7. doi: 10.1510/icvts.2010.255307.

PMID:21172935

Pharmacokinetics of doxorubicin and cisplatin used in intraoperative hyperthermic intrathoracic chemotherapy after cytoreductive
surgery for malignant pleural mesothelioma and pleural thymoma.

van Ruth S, van Tellingen O, Korse CM, Verwaal V), Zoetmulder FA.

Anticancer Drugs. 2003 Jan;14(1):57-65.

PMID:12544259

Intraoperative hyperthermic intrathoracic perfusion chemotherapy for pleural metastases of thymic neoplasms.
de Bree E, van Ruth S, Rutgers EJ, Zoetmulder FA.

Eur J Surg Oncol. 2002 Sep;28(6):685-6. No abstract available.

PMID:12374104
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Indications

Thymic Carcinoma

Cytoreductive surgery and intraoperative hyperthermic intrathoracic chemotherapy in patients with malignant pleural mesothelioma

or pleural metastases of thymoma.

de Bree E, van Ruth S, Baas P, Rutgers EJ, van Zandwijk N, Witkamp AJ, Zoetmulder FA.
Chest. 2002 Feb;121(2):480-7.

PMID:11834661

Reoperation combined with intraoperative hyperthermic intrathoracic perfusion chemotherapy for pleural recurrence of thymoma.
de Bree E, van Ruth S, Rutgers EJ, Zoetmulder FA.

J Surg Oncol. 2002 Aug;80(4):224-5. No abstract available.

PMID:12210039

Resection and perfusion thermochemotherapy: a new approach for the treatment of thymic malignancies with pleural spread.
Refaely Y, Simansky DA, Paley M, Gottfried M, Yellin A.

Ann Thorac Surg. 2001 Aug;72(2):366-70.

PMID:11515868
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Malignant Pleural Effusion

Effect of hyperthermic intrathoracic chemotherapy (HITHOC) on the malignant pleural effusion: A systematic review and meta-analysis.
Zhou H, Wu W, Tang X, Zhou J, Shen Y.

Medicine (Baltimore). 2017 Jan;96(1):e5532. doi: 10.1097/MD.0000000000005532.

PMID:28072694

Simple intrapleural hyperthermia at thoracoscopic exploration to treat malignant pleural effusion.
Moon Y, Kim KS, Park JK.

J Cardiothorac Surg. 2015 Oct 28;10:136. doi: 10.1186/s13019-015-0340-8.

PMID:26510956

Hyperthermic Intra-Thoracic Chemotherapy (HITeC) for the management of recurrent ovarian cancer involving the pleural cavity.
Singh S, Armstrong A, Robke J, Waggoner S, Debernardo R.

Gynecol Oncol Case Rep. 2014 May 20;9:24-5. doi: 10.1016/j.gynor.2014.05.001.

PMID:25426410

Intrapleural hyperthermic perfusion using distilled water at 48 °C for malignant pleural effusion.
Ba M, Long H, Wang Y, Tang Y, Wu Y, Zhang X, Cui S.

J Cancer Res Clin Oncol. 2013 Dec;139(12):2005-12. doi: 10.1007/s00432-013-1526-x.
PMID:24072234

Intrapleural hyperthermic perfusion using distilled water at 48 °C for malignant pleural effusion.
Ba M, Long H, Wang Y, Tang Y, Wu Y, Zhang X, Cui S.

J Cancer Res Clin Oncol. 2013 Dec;139(12):2005-12. doi: 10.1007/s00432-013-1526-x.
PMID:24072234

Intrapleural hyperthermic perfusion chemotherapy in subjects with metastatic pleural malignancies.
Isik AF, Sanh M, Yilmaz M, Meteroglu F, Dikensoy O, Seving A, Camci C, Tungdzgiir B, Elbeyli L.
Respir Med. 2013 May;107(5):762-7. doi: 10.1016/j.rmed.2013.01.010.

PMID:23462236
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Malignant Pleural Effusion

Local and systemic exposure of cisplatin during hyperthermic intrathoracic chemotherapy perfusion after pleurectomy and decortication
for treatment of pleural malignancies.

Ried M, Potzger T, Braune N, Diez C, Neu R, Sziklavari Z, Schalke B, Hofmann HS.

J Surg Oncol. 2013 Jun;107(7):735-40. doi: 10.1002/js0.23321.

PMID:23386426

Intrapleural paclitaxel for malignant pleural effusion from ovarian and breast cancer: a phase |l study with pharmacokinetic analysis.
Lombardi G, Nicoletto MO, Gusella M, Fiduccia P, Dalla Palma M, Zuin A, Fiore D, Donach M, Zagonel V.

Cancer Chemother Pharmacol. 2012 Mar;69(3):781-7. doi: 10.1007/s00280-011-1765-y.

PMID:22037881

Intrapleural hyperthermic perfusion with chemotherapy increases apoptosis in malignant pleuritis.
Matsuzaki Y, Edagawa M, Shimizu T, Hara M, Tomita M, Ayabe T, Onitsuka T.

Ann Thorac Surg. 2004 Nov;78(5):1769-72.

PMID:15511471

[Treatment of pleural effusion caused by lung carcinoma with circular intrapleural hyperthermic perfusion and its mechanism].
Kang M, Zhou L, Lin P.

Zhonghua Yi Xue Za Zhi. 2001 Oct;81(19):1176-9. Chinese.

PMID:11769704

Intrapleural administration of cisplatin and etoposide to treat malignant pleural effusions in patients with non-small cell lung cancer.
Tohda Y, lwanaga T, Takada M, Yana T, Kawahara M, Negoro S, Okishio K, Kudoh S, Fukuoka M, Furuse K.

Chemotherapy. 1999 May-Jun;45(3):197-204.

PMID:10224342

Phase |l trial of intrapleural paclitaxel injection for non-small-cell lung cancer patients with malignant pleural effusions.
Perng RP, Chen YM, Wu MF, Chou KC, Lin WC, Liu JM, Whang-Peng J.

Respir Med. 1998 Mar;92(3):473-9.

PMID:9692108
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Effect of hyperthermic intrathoracic
chemotherapy (HITHOC) on the malignant
pleural effusion

A systematic review and meta-analysis
Hua Zhou, MD?, Wei Wu, MM°®, Xiaoping Tang, MM?®, Jianying Zhou, MM?, Yihong Shen, MD®*~

Abstract

Background: Although hyperthermic intraperitoneal chemotherapy (HIPEC) has been widely used to treat malignant ascites or as
a preventive strategy for microscopic carcinomatosis following surgical resection of abdominal tumors, application of hyperthermic
intrathoracic chemotherapy (HITHOC) in the treatment of malignant pleural effusion is limited. The objective of the current study was

to conduct a systematic review and meta-analysis on the application of HITHOC in the palliative treatment of malignant pleural
effusion.

Methods: After thorough searching of online databases, total 27 articles were included into qualitative systematic review and 5 of
them were used to conduct qualitative meta-analysis.

Results: It was found that most of HITHOC was used in combination of cytoreductive surgery (CRS) including pleurectomy/
decortication or after surgical resection of primary tumors, which mainly were lung cancer, thymoma or thymic carcinoma, breast
cancer, and ovarian cancer. Patients who received HITHOC had significantly longer median survival length compared to the patients
without HITHOC (Hedges g=0.763, P < 0.001). In addition, HITHOC therapy was favored (Hedges g=0.848, P < 0.001) in terms of
median survival length, tumor-free survival rate, with tumor survival rate or Karnofsky performance status (KPS) scale.

Conclusion: HITHOC is a safe and effective therapy in controlling pleural effusion and increasing patient’s survival rate.

Abbreviations: CRS = cytoreductive surgery; HIPEC = hyperthermic intraperitoneal chemotherapy; HITHOC = hyperthermic
intrathoracic chemotherapy.

Keywords: carcinomatosis, cytoreductive surgery, Hyperthermic intraperitoneal chemotherapy, hyperthermic intrathoracic
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Figure 1. Flow diagram of literature search and eligible publication selection.
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Table 2
Studies enrolled for qualitative and systematic review.
First
author Year  Country Study design Primary tumors Median survival 1 year 05 3 year 05
Yellin 2001 Israel CRS+ 7 NMPM 26m 2% 4%
HITHOC (38°C) 11 thymoma
8 athers
Refaey 2001 lsrael CRS+ 10 thymoma ? 0% 5%
HITHOC (40.3-43°C) 470 90%' 70%'
10
de Bree 2002 Netherlands ~ CRS+ 11 MPM m
HITHOC 3 thymoma
vanRuth 2003 Netherlands  CRS+ 22 MPM 1m 42%
HTHOC
Shigemura 2003 Japan Thoraciscopic
HITHOC 5 Lung ca 19m Longest 32 months
de Bree 2007 Netherlands  CRS+ 13 MPM ? Limited side effects
HTHOC
van Sandick 2008 Netherlands  CRS+ 20 MPM m 70% complications
HITHOG+
Radiotherapy
Chua 2009 Australia  CRS+ o PMP One died at 36m,
4 alve 4.6-474m
HITHOC 2 peritoneal recurrence
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Review

Table 2
Studies enrolled for qualitative and systematic review.
First
author Year  Country Study design Primary tumors Median survival 1 year 0S 3 year 05
Chua 2009 Australia GRS+ 5 PMP One died at 38m,
4 alive 4.6-474m
HITHOC 2 peritoneal recurrence
Lombardi 2012 ltaly Pharmacokinetics 8.9m chest pain, fever, dyspnea
were frequent side effects
11 Ovanian
7 breast ca
Sugarbaker 2012 USA Pharmacokinetics 25 MPM Mitomycin C and doxorubicin
Sugarbaker 2012 USA Pharmacokinetics 5 PMP HITAC
Ried 2013 Germany  Pharmacokinetics 5 MPM 5 thymoma Cisplatin to 150mg/m? was safe
Ried 2013 Germany  CRS+ 8 MPM 22m
HITHOC (42° x 60 minutes) 8 thymoma
Yu 2013 China CRS +HITHOC 4 Thymoma Followed up for 1-4 years, 1 diedof
(42°C % 2hours) heart failure 1 year after
No local recurrence or metastases
Cameron 2013 USA In vitro study 6 Different cell lines fested  Using 2 drugs combination seems
most effective
Kerscher 2014 Germany  Anesthesia for Summarized experiences of
anesthesia and intensive
care
Ishibashi 2014 Japan CRS+ 4 MPM One recurrent 11m after; Other 3

survived 23-41m without

Medicine

Effect of hyperthermic intrathoracic chemotherapy (HITHOC) on the malignant pleural effusion "

A systematic review and meta-analysis
Hua Zhou, Wei Wu, Xiaoping Tang, Jianying Zhou, Yihong Shen
Medicine (Baltimore). 2017 Jan;96(1):e5532.




R

@™
M
=

Vi

Table 2
Studies enrolled for qualitative and systematic review.
First
author Year  Country Study design Primary tumors Median survival 1 year 0§ 3 year 05
Migliore 2019 laly CRS+ 6 MPM Mean survival 13.6m
HITHOC 2 AC
Moon 2015 Korea RS+ 11 Breast 3- and 7-month recurence-freg
rates were 86.9% and 73.9%
HITHOC 10 Lung ca
6 ovarian
[ others
Ried 20015 ltay In vifro penetration study The median penetration depth of
Cisplatin was about 3-4mm
Liu 2016 China Bedside HITHOC 1510 times malignant HITHOC for 315 cases of Safety
pleural effusion study 0% mortality, 0.6%
pneumothorax
Ambrogi 2016 Ialy GRS+ 13 Thymoma Disease-free intenval:
HITHOC 4724 25.5m Mean survival:
58+34.4m
o-year actuarial
survival: 92%
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Studies included in the quantitative meta-analysis.

First author Year Country Study arms N Median survival
Matsuzaki 1995 Japan CRS+HITHOC 12 20
v$ CRS+precentesis 7 6
YAl Matsuzak 2004 Japan CRS+HITHOC 11 20
vs CRS +precentesis 11 6
Ba 2013 China HITHOC (48°C) 12 13
HITHOC (45°C) 11 12.9
ISik 2013 Turkey CRS+HITHOC 19 15
vs Talc pleurodesis 13 b
or pleurectomy 12 8
Zhang 2015 China EGFR+HITHOC 9 24
vs non-EGFR +HITHOC 23 16
Vs systemic chemo only 21 4

ORS = cytoreductive surgery, EGFR = epithermal growth factor receptor positive, HITHOC =hypethermic intrathoracic chemotherapy.
" Pleura effusion control rate.

" Apoptosis rate.

*Karmofsky performance status scale.

“1-year survival rate.

1 Tumor free-sunival rate.
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HITHOC during or f{)ll{mmg CRSisa

safe and effective therapy to control malignant pleural effusion.

current study, we found that, in addition to mesothelioma, the
most common primary sites which metastasis to the pleura are
lung cancer, thymoma, breast cancer, and ovarian cancer.

Although 1 study indicated that HITHOC had no advantage in
the treatment of malignant mesothelioma, the rest of studies
reported that patients with MPE benefited from the HITHOC

Effect of hyperthermic intrathoracic chemotherapy (HITHOC) on the malignant pleural effusion "
Atlnanasms Kleontas A systematic review and meta-analysis :
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Meta-analysis results of 5 studies also indicated that
combination of thoracic CRS, which allows maximal removal of

macroscopic tumor and HITHOC, which allows direct delivery
of the cytotoxic agent to the tumor cells, provides patients with a

long-term survival.

Most popular cytotoxic drugs used for HITHOC are cisplatin
followed by doxorubicin and mitomycin C, and 41 to 43°C was

most commonly used in HITHOC. Intrapleural chemotherapy

Intrapleural chemotherapy
allows for a much higher concentration in the thoracic cavity
compared to intravenous chemotherapy, thereby improving
cytotoxicity while minimizing systemic adverse effect. Pharma-
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. Pharma-
cokinetic studies of the cytotoxic drugs used for HITHOC
indicated that a persistently high concentration of intrapleural
drug can be achieved when the patients were given HITHOC, and

that ¢ytotoxic drugs can penetrate into lung tissue 3 to 4 mm.

Thus, the ability of penetration of cytotoxic drugs (such as
cisplatin) into the lung tissues may improve the local therapy of
residual microscopic tumor cells on the lung surface with the use
of HITHOC in patients with malignant pleural tumors after lung-
sparing radical tumor resections
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The combination of heat and cytotoxic_drugs dramatically
increase capacity of destroying cancer cells through several

mechanisms.

(1) The combination of heat and cytotoxic drug treatment results
in increased membrane permeability and improved mem-
brane transport.

(2) Heat may alter cellular metabolism and change drug
pharmacokinetics and excretion, both of which can increase

the cytotoxicity of certain chemotherapeutic agcms.[zﬂ]

(3) Heat increases drug penetration in tissue in a temperature-
32,33]

dependent manner.
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In
addition, malignant cells are more sensitive to heat compared
to the normal cells and thus, malignant cells undergo apoptosis at
41 to 43°C while normal cells are able to survive.*”’

findings of the current systematic review and meta-analysis
indicate that HITHOC is an effective and safe therapeutic
procedure for extending patient’s life_and controlling disease
progress.
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Experience
HITHOC after P/D for Mesothelioma

®UAo HAwia naoxtfv Icto?\OVLKOC ALTIGTI?n Ynelwkotektopry AmodAoiwan EK‘,OWI EKTOIJJ]’ EK'I'.'OlJ.n HITHOC Enu(oupl:Kn
nubwedxio Tnog Aepdadévav Swappdyparog mepwapdiov mvelvpova Oepanscia

F Carboplatin
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Experience
HITHOC vs Talc pleurodesis
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