¢

,3:5 > z‘ . y 227 » ) . J;/
W Ao R T B g R AT
The Effects of Modulated Electro-
hyperthermia and Clinical Outcome

RN
Yuk-Wah Tsang M.D. Ph.D.
bR AL /R AL P
Dept. of Radiation Oncology
Electro-hyperthermia Treatment Center
05/09/2020



Outline

* Introduction of High temperature and fever range hyperthermia

* Deep regional hyperthermia vs Hyperthermic Intraperiotoneal
chemotherapy (HIPEC)

* Features of modulated electro-hyperthermia (mEHT)

* Some clinical cases of mEHT

* Immunologic effects of mEHT

* Indications, duration, sequence and frequency of mEHT treatment
* Immunologic effects of mEHT

* Clinical outcome of hyperthermia and mEHT

* Summary






#« A&ﬁ%fiﬁ

> 70°C BB (574R)
> 50°C (gg)
40°C~44°C oA
BSD
RF-8
Oncothermia
< 40°C EALIMNGR

M hEsE
4 4 PE R

ZRBEREER

REER LN RE T B
gJ

KRS EE
=)

RERER
ERAE R AE

PRl

BERTZENA
R4f

So HY
= A
e

Peli &3 2k

)

N|
=
-

A5 m

RETEAR/Y/

aEZzE
<3R7

v VAN
KA

—RaE—(EF
i‘%‘i%ﬁ/lﬂ{t ﬂE

8

EEN=};

3027
EIE2Y=F-

30277 A
O RaH

=5

BEAE | SHAEE

f‘|‘ﬂ

== [ AR =
= EEHAE
" EEHEE
222 EEEE
" E=EEHEE



T #ok (mEHT) &8 # 1 K (HIPEC) £ 3 F enk &

Non-invasive Invasive !

Heater

Personalized therapy

Electrode (mobile)

Tuning unit
Reservoir

RF source

Counter-electrode (stationary)

Modulated Electro-hyperthermia (mEHT) / Hyperthermic Intra- perltoneal Chemotherapy
Oncothermia source: google.com (H|PEC) Source: google.com
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Personalized therapy

Electrode (mobile)

Tuning unit

RF source

Counter-electrode (stationary)
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1. Heating (4r %)
2. Autofocusing (p # % £.)
3. Frequency modulation

(HE 5 %)
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Unique features of
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Cellular difference ynco@herm

b, glucose+60, —6CO, +36ATP glucose — 2 lactic acid + 2 ATP
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Healthy cell
eLow glucose influx — eHigh glucose influx
eNormal ECM ——_——— eHigh ion-concentration in ECM
eHigh membrane potential B a—— eLow membrane potential
eStrong connection to next cells —— =i eLazy connection to next cells
eTexture order — eDisorder
eCollectivity — e Autonomy
eServed by the collective < ———— eFighting with all others

Consequence: the malignant cell are distinguishable by their biophysical parameters



The nanoheating concept of the oncothermia method

The nanoheating concept of the oncothermia treatment is a well elaborated theoretical framework
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The heat-stressed membrane rafts initialize signal transduction pathways from the membrane!
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amplitude

“£1% = & (stochastic resonance)

e Stochastic resonance (SR) is a phenomenon where a signal that is normally
too weak to be detected by a sensor, can be boosted by adding white
noise to the signal, which contains a wide spectrum of frequencies.
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Tonsils carcinoma

Investigator: Prof Dr. A Herzog.

Institute: Fachklink Dr Herzog,
Chemo institud: Fachkh \
MMC+5FU x6 Germany,
Cisplatin + 5FU x2 Patient: 55 y. female (H.M )
Oncothermia Disgnosis: Tonsils carcinoma,
(squamous), lymph and pulmonary
metastases
Treatment: Oncotherma & After 8 cycles of therapy (February 2010)

chemotherapy; (6x Mitomycin und
5-FU, 2x Cisplatin/ 5FU)

Results: partial remission,
symptoms disappeared, no
complains




Cervix carcinoma

Investigator: Prof. H. Renner

Department: Klinikum Nord, Nirnberg, Germany

Patient H.K, 61y, female; Cervix carcinoma; cT4 cNO MO G3

Histology: Squamous cell carcinoma;

Therapy: 12/06-01/07 bimodality therapy, Radiotherapy: 50.4 Gy; (5x1.8 Gy/weeks);
oncothermia: 6 sessions.

Control: 3 months later hysterectomy (Wertheim).
Result: pathologically complete remission ypTOypNO




Mammary carcinoma with liver metastasis

Investigators: Dr. W-P. Brockmann Institute: Dr. W-P. Brockmann Institute OncolLight, Hamburg, Germany.
Patient: 58 y, female. Primery-tumor: Mammary CA with liver metastasis, diagnosed;
Treatment: Radiotherapy, whole-body hyperthermia, oncothermia, and local dendritic cell therapy

Result: partial remission m

17.6

After oncothermia
(2 months)

Before oncothermia




Pancreatic Ca and Metastatic Bladder Cancer (49y/M)

Investigator: Prof.Dr.Taesing Jeung

Institute: Department of Radiotion Oncology, Kosin University, College of Medicine & Kosin University Gospel Hospital.
Oncothermia applied as monotherapy

Published: 315 ICHO Oct. Budapest; 2012

Before-oncothermia _Oncothermia 12 Times_
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58y/o male, R't side lower gingivobuccal mucosal SCC, cT4bN2bMO s/p induction C/T
and CCRT 70Gy with complete response (CR), biopsy after 8 weeks: negative

JEE %!

RT 70Gy/35%¢
+
Oncothermia
X 82




41 y/o lady, right breast, Invasive Ductal Carcinoma

e cT4aN1M1 stage IV with lung metastasis
s/p palliative bio-C/T TC regimen x
1(1081112) then TPH regimen x
7(1081203-1090416) followed by PH
regimen x 1(1090507), then right nipple
sparing simple mastectomy + mEHT x 8
sessions

* SM+SLND+DIEP(1090521) » ypT1lcNOM1

Multiple Rt breast nodules, largest over
UOQ(>2.5cm).ie c¢T2(m) (but tiny subcutaneous
nodules may suggest skin spread r/o cT4a)



38 y/o man, sqcc of esophagus, cT3N3MO

=t S
CCRT 3780cGy/21fx + Microscopic Finding
MEHT x 8 sessions - op

It reveals a picture of esophageal tumor, featured by

1. Tumor tvpe: 3guamous cell carcinoma

2, Histological grade: Moderately differentiated

3. Lvmphovascular invaslon: Absent

4, Perineural invasion: fbsent

5. Tumor extenslon: Tumor Invades adwentitia (section 43)

A, Proximal and distal surgical ends: Free of tumor cells

7. Clrcumferential margin: Free of tumor cells, lmm.

%, Ptomach: Negatiwe for tumor lmvolwement.

9, Lvmph nodes: Negatiwe for metastatic carcinoma. (perigastric: 042; mediastinal: 0533

10, Tumor regression grade after preoperative chemoradlotherapy (Mandard, Cancer 19943

[ 1 Grade 1  Complete regression: absence of histologically identifiable residual

cancer:; fihrosls extending throngh the wall; keratin plugs or
neoplastic sguamons ghost cells scattered In dense fibrosis of
lyvinph nodeds)

[ ] Grade 2 Presence of rare resldual cancer cells scattered through fibrosis

[ * 1 Grade 3 Increase in the mmber of residual cancer cells, bumt fibrosis still
predominates

[ 1 Grade 4 Resldual cancer outgrowing fibrosis

[ ] Grade 5 dhsence of regressive changes

11, Three-tiered grading svstem advocated by Wn TT, et al., f&m J 3urg Pathol 2007,
[ 1 PO, 0% residual tumor

[ * 1P, 1%-50% residual tumor
[ 1 P2, Z50% resldual tumer

All of 33 dissected lymph nodes reveal reactive hyperplasia without evidence of
metastatic carcinoma. The distribution

is as follows: upper paraesophageal: 0/6; right RLN: 0/2; group 2L: 0/0; group 2R:
0/6; group 4R: 0/10; celiac LN: 0/6;

group 7: 0/3.




45 y/o man, small cell ca. of esophagus, multiple mets,
cTAN3M1

JERR A

Oncothermia x 8
Esophageal tumor +
neck LAP 35Gy/14fx

Liver mets and LAP
RT 24Gy/12fx

JEfR
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Immunomodulation Induced by Hyperthermia

DENDRITIC CELLS
PICK UP & TRANSPORT
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Figure 2. Survival of asynchronous CHO cells exposed to either 4 MeV
X-rays (circles) or 2C ions (squares) either at 37 °C (filled circles and
squares) or 43 °C (open circles and squares). The marked thermal
sensitisation at 43 °C is evident with X-rays while it was minimal with
'2C ions (black arrow). Reproduced with permission [49].
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Int J Hyperthermia, 2014; 30(7): 524-530



Immunologic effects of Oncothermia (mEHT)



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Intratumoral T Cells, Recurrence, and Survival
in Epithelial Ovarian Cancer

Lin Zhang, M.

Dionyssios Katsa 100 P<0.001
Marco Mas
Antonis Makrig
Katia Schlienger =g~
B O
Stephen C. Rubi é, =
F > 75 Intratumoral T cells
3]
2
e
= 507
v
BACKGROUND —
Although tumor-infiltrating T \
association with clinical outce g 254
(@) No intratumoral T cells
METHODS
We performed immunohistc
vanced-stage ovarian carcino: 0 T T T T T T T T T T ]
and conducted outcome analy 0 12 24 36 48 60 72 84 96 108 120 132

by real-time polymerase chair

Month
N Engl J Med. 2003 Jan 16;348(3):203-13.



HSP release

e Chaperone tumor peptides

e Enhance MHC Il presentation
¢ Activate DC and NK cells

e Induce chemoattractants

Fever-range hyperthermia

DC activation

¢ Increase MHC |l expression

e Upregulate co-stimulatory
molecules

e Improve migration to lymph nodes

e Enhance cross priming of
lymphocytes

e Augment T cell potency

Adhesive changes

e Improve adhesion of lymph
node endothelium

e Boost lymphocyte adhesive
properties

e Promote immune
surveillance

e Sponsor leukocyte
trafficking to peripheral sites

Curr Opin Investig Drugs. 2009; 10: 550-558.



Unique Immune Characteristics of Modulated-
Electro-Hyperthermia

Induce Apoptosis

Release HSP70

ncrease Tumor Infiltrating Leukocytes

Production of IFN-y

ncrease PD-1/PD-L1 Expression

Synergistic Effect with Immune checkpoint Therapy

Modulated-Electro-Hyperthermia plus Cell therapy
— Synergistic Effect with Dendritic Cells
— Synergistic Effect with Gamma Delta T Cells



Significant Elevation of Apoptosis After
Modulated-Electro-Hyperthermia

(MEHT) Treatment
mEHT
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: 42°C: Water Bath Control
Annexin V RF-8: Conventional Hyperthermia

Yang KL et al, Oncotarget. 2016;7(51):84082-84092.



Significant Elevation of Apoptosis After Oncothermia

Treatment
150 - —— =
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50

Untreated
No of apoptotic
bodies / FOV
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Meggyeshazi N et al, Strahlenther Onkol 2014; 190:815-22.



Strahlentherapie
und Onkologie Original Article

Strong Synergy of Heat and Modulated Electromagnetic
Field in Tumor Cell Killing

Gabor Andocs™, Helmut Renner?, Lajos Balogh', Laszlo Fonyad?, Csaba Jakab®, Andras Szasz®

Andocs G, et al. Modulated Electrohyperthermia and Tumor Cell Killing

Ratio of the area of dead cells in the tumer [%]
]

[-A)
] ﬂ

Controls radHT, mEHT, mEHT,
(Group 2-4., n=21) (Group 2, n=T) [Gmup} n=7) [Gloup&, n=T)
8'C 41°C 8°C

Figures. Th itic effects of iture and transtumoral modulated electric fleld as a survey. Experimental results of the histo-
murphnlogical anal}slsufthe lesper:me dead cell areas as ratio of the total areas of the respective whole tumor cross sections In percent.

ur und tem elektrischem Feld In der Obersicht. Ergebnisse
der thmmphnngschen Untersuchungerl des jewelligen Hachenantells toter Zellen im Verhditnis zur Gesamtschnittflache des jewelligen Tu-
mars In Prozent.

G. Andocs, Strahlenther Onkol 2009: 185: 120-6



Dot C1-Pl
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Tumor Cell Death Analysis L
After mEHT Treatment

1,083,795

500,000

B Untreated Control
Single Tumor

S5C-A

Hf
0%

T
o 2,000,000 4117 92l
FSC-A

48h after treatment
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|
]
T T
2,000,000 4 11702l
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Live tumor cells
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Huang CC et al, Unpublished data



Unique Immune Characteristics of Modulated-
Electro-Hyperthermia

Induce Apoptosis

Release HSP70

Increase Tumor Infiltrating Leukocytes

Production of IFN-y

Increase PD-1/PD-L1 Expression

Synergistic Effect with Immune checkpoint Therapy

Modulated-Electro-Hyperthermia plus Cell therapy
— Synergistic Effect with Dendritic Cells
— Synergistic Effect with Gamma Delta T Cells



Major immune modulatory functions of heat shock protein 70

(Hsp70)
Perforing () — NK cell
Dendritic cell o ©©®
fMaturation e ®
{ MHCI, MHCII o Granzyme B
CD80, CD86, Qo ©
CD40 QC
© (oo
Hsp70 €O
NK cell § “
Tumor cell
Antigen
1Cyt9|ytic gctivity Q‘a‘ 4 2al CD8+ T cell
1 Proliferation Hsp70
} Migration & & ﬁ
~ '
D Jﬁ
T cell Mo N MHC |

} Antigen-dependent }TNF-a, IL-1, IL-6,

T cell activation IL-12, NO,

fIFN-v C-C chemokines ¥

74
@ MHC I

CD4+ T cell Dendritic cell

Shevtsov M and Multhoff G (2016) Front. Immunol. 7:171.



The protection role of HSP70 in cells under stress condition

Active™

protein % 4> Damaged Cellular

> protein | Protein

= Quality
kR \ % Control

Hsp70, e N
HsplooL 98 @
an Vro g
regair oo Mk T +&QF'£ Y Proteases
proteins 7 \
| o Ed,
€e O g8 / 2 p-
& 5 Le¥: R .
w9 Repaired/ S
&% Reactivated Degraded
. protein protein

Dr. Elizabeth Vierling, University of Massachusetts



Stress protein analysis
The expression of HSP70

(a) (b) HSP70 release
CT26 —
S 7 %
OLOR i
“{":\ w f'é) .71
HSP70 | == =,
HMGBI 2 .
B-actin [E——— |
_5,{0 Q-;QJ g\\\

Tsang et al. BMC Cancer (2015) 15: 708



Stress protein analysis
The expression of HSP70

191

3rC
£3 42
B mEHT
D RF8

—
o
1

Ratio to 37 C

(42}
1

hrs after treatment

Yang KL et al, Oncotarget. 2016;7(51):84082-84092.



Unique Immune Characteristics of Modulated-
Electro-Hyperthermia

Induce Apoptosis
Release HSP70

Increase Tumor Infiltrating Leukocytes

Production of IFN-y
Increase PD-1/PD-L1 Expression
Synergistic Effect with Immune checkpoint Therapy

Modulated-Electro-Hyperthermia plus Cell therapy
— Synergistic Effect with Dendritic Cells
— Synergistic Effect with Gamma Delta T Cells



MEHT-DC Therapy Increases
Tumor Infiltrating Leukocytes

CT26, 3x10°sc

BALB/c

200-2 3 H
00-250mm mice

O
@

Group: 37,42mEHT
HT, 42°C 30min

Population expression (%)

' MDSC mP
M ctrl 1 1
Rest for 48h 3.22 1.46

' 48h after treatment

* p<0.05, **p<0.01, **p<0.001
Tumor were collected for
TILs analysis

Huang CC et al, Unpublished data



Modulated-Electro-Hyperthermia

Enhances DC infiltration
A Dendritic cells (48 h)

mE|-|TIeft
@ & gy ’apfin \ 5

Tamas et al, Journal of Cancer. 2018:9:41-53.



Modulated-Electro-Hyperthermia

Enhances T-cell infiltration

EHT,;1: (72 h)

invasionin m

T-cell

41-53.

9

Tamas et al, Journal of Cancer. 2018



Nonimmunogenic Tumors

Nonimmunogenic tumor MEHT + immune tx.

microenvironment
|

:

Combination therapies
with agents that create .
immunogenic tumor Immunogenic Tumors
microenvironment and
immune checkpoint therapy |

Tumor CD8  with CD45R0O
cell Tcell expression
with PD-L1 with PD-L1
expression expression

Immunogenic tumor
microenvironment

\mpapne checkpolil Merapy Durable clinical benefit Science 2015;348:56-61
and durable clinical benefit



Unique Immune Characteristics of Modulated-
Electro-Hyperthermia

Induce Apoptosis
Release HSP70
Increase Tumor Infiltrating Leukocytes

Production of IFN-y
Increase PD-1/PD-L1 Expression
Synergistic Effect with Immune checkpoint Therapy

Modulated-Electro-Hyperthermia plus Cell therapy
— Synergistic Effect with Dendritic Cells
— Synergistic Effect with Gamma Delta T Cells



IFN-y-mediated
upregulation of s
tumor PD-L 1 > & 1

PD-L1/PD-1-mediated
inhibition of tumor cell killing

Priming and
activation of
T cells

T-cell polarization

i Immune cell
S modulation of T cells
Stromal PD-L 1
modulation of T cells PD-L 2-mediated
inhibition of T,2 T cells

Clin Cancer Res. 2013:19:1021-1034.



Modulated-Electro-Hyperthermia Induced IFN-y Production in Tumor
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Unique Immune Characteristics of Modulated-
Electro-Hyperthermia

Induce Apoptosis

Release HSP70

Increase Tumor Infiltrating Leukocytes
Production of IFN-y

Increase PD-1/PD-L1 Expression
Synergistic Effect with Immune checkpoint Therapy

Modulated-Electro-Hyperthermia plus Cell therapy
— Synergistic Effect with Dendritic Cells
— Synergistic Effect with Gamma Delta T Cells



Tumor Cell

IFN-y-mediated
upregulation of
tumor PD-L 1

Clin Cancer Res. 2013:19:1021-1034.



Oncothermia Induced PD-L1 Expression in Tumor

3 Control
Bl mEHT

Number of positive cells/slide
SN

Control MEHT Wang YS et al, Unpublished data



The profile of PD-L1 expression in tumor
microenvironment after Modulated-Electro-
Hyperthermia treatment

___—~Tumor cells elevated PD-L1 after mEHT

2 *

1.8
C =
.9 _E 1.6
N o4 *k *
v S
o 2
X € ! \
Q S
- .8 0.8
_II '9 0.6
O o4
a —

0.2

O -
CD45- DCs MDSC M®
W ctrl 1 1 1 1
B mEHT 1.56 0.59 0.55 0.998
48h after treatment Group:
1. untreated ctrl (n=4)
* p<0.05, **p<0.01 2. mEHT (n=6)

Wang YS et al, Unpublished data



Unique Immune Characteristics of Modulated-
Electro-Hyperthermia

Induce Apoptosis

Release HSP70

Increase Tumor Infiltrating Leukocytes
Production of IFN-y

Increase PD-1/PD-L1 Expression

Synergistic Effect with Immune checkpoint Therapy

Modulated-Electro-Hyperthermia plus Cell therapy
— Synergistic Effect with Dendritic Cells
— Synergistic Effect with Gamma Delta T Cells



Synergistic Effect with Anti-PD-1 Therapy

30

25

l

10

0 19 21 24 27 30 32 34 37

e Ctr| aPD-1 e====mEHT emm—mPD-1

N MEHT treatment: 42°C maintain 40 min.
V oPD-1AD: IP 200ug per mice for 4 times.

Wang YS et al, Unpublished data



Unique Immune Characteristics of Modulated-
Electro-Hyperthermia

Induce Apoptosis

Release HSP70

Increase Tumor Infiltrating Leukocytes

Production of IFN-y

Increase PD-1/PD-L1 Expression

Synergistic Effect with Immune checkpoint Therapy

Modulated-Electro-Hyperthermia plus Cell therapy

—Synergistic Effect with Dendritic Cells
— Synergistic Effect with Gamma Delta T Cells



Tsang et al. BMC Cancer (2015) 15:708
DOl 10.1186/512885-015-1690-2

RESEARCH ARTICLE

Improving immunological tumor
microenvironment using electro-hyperthermia
followed by dendritic cell immunotherapy

Yuk-Wah Tsang', Cheng-Chung Huang®, Kai-Lin Yang®, Mau-Shin Chi
Gabor Andocs®, Andras Szasz”, Wen-Tyng Li

2" and Kwan-Hwa Chi*®

(a)

Days after treatment

T T
10 15
after rechallenge

d
20

-

* Hsin-Chien Chiang®, Yu-Shan Wang®,

ONCOLOGY REPORTS 32 23732379, 2014

Modulated electro-hyperthermia enhances dendritic
cell therapy through an abscopal effect in mice

and mEHT io treai C3H/He mice inosulatest with squamens
cell carcinona SCOVIE cells in the left leg, and we assessed
the whole body antitumor effects. Tumors were examined
every two o three days in order to assess growth inhibition.

‘causes shrinking not only of the immediate target, but also of
Tocated far from. Jiated area. Thie gl
is extremely rare, but when it does occu, its anticancer effects

The wmor-draining lymph podes 0 cnable fow
eytometric analysis of CD3" and CDS" cells, whereas ima-
nohistoshemistry was used to assess CD8, 5100 and Foxp3
expression in the tumors, Additionally, GP96 expression in the
tumors from the differeat treatment groups was messused. In
the coatrol group, the mean tumer volume was larger than that
in other groups. These results indicated that the combinatien
therapy of an intratumoral DC injection and mEHT evoked
systemic antitumor activity. A larger mumber of €D3* and CD8"
cellls were detected by flow cytometric analysis in the DC plus

<an be dramatic, leading to the disappearance of malignant
the body. Such b ”
for a variety of malignancies, including melanoma, Iympboma,
and hing metastases of hepatocellular carcinoma (1-3). The
mechanism underlying the abscopal effect remains to be
clarified. althoagh a variety of underlying biological events
‘may be responsible, particularly those induced by the immune
system (4). In mouse studies, the observations support the
immume hypothesis for the abscogal effect (5.7).

The modulated electro-liyperthesmia (mEHT) system is
a fast-develaping complementary treatment method that is

mEHT
that CD4 and SI00 were more stougly expressed in the DC
plus mEHT treatment group, although Foxp3 expression was
mach higher in the control group. The GP95
level in the mEHT group was significantly different from the
expression level in the control group. An abscopal effect may
. by mEHT, and the effect of immunotherapy with
DCs was strongly enhanced by the overexpression of GPI6.
GP96 is thoughi o be one of the molecules explaining the
abscopal effect, Direst intratumoral administrafion of DCs
and mEHT may be a feasible future treatment strategy.

Correspondence 10: Dr Yasunoes Akutsu, Deparument of Frostier

Surgery, Gradue School of Medicine, Chiba Universiy, 1-5-1
i, 2408470, Tpan

Email yalowsu @ faculysliba-up

Key words: denditic cels, byperthermia, sbrcopal effest, cancer
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types of tumors (8.9). The principles
involved ase based on the classical method of hyperthecmia,
but the aim, besides the absolute increase in temperamre, is 1o
promote the dircet absorption of electric-field energy by the
uid, thereby destroying the membrane of cancer

Hyperthermia is usually applied as an adjunct to an
already established treatment modality. such as radiotherapy
and chemotherapy, in onder 1o achieve tumor temperatures
of 40-46°C. Hyperthermia was osiginally controlled through
modulating temperature alone, whereas the more recently
developed mEHT (also described as ‘oncothermia’) is based
on energy dose control, replacing the single temperature
concept (9).

Although hyperthermia has been extensively studied, the
effects of mEHT combined with dendritic cell (DC) treat-
‘ment on squamous cell carcinoma hirve not been addressed.
The goal of this study was to evaluate the utitumer effects
of combined direct intratumeral injection of DCs and mEHT
treatment nsing a monse squamons cell carcinema (SCCVITY
cancer model. We showed that this combined treatment causes
bath local and distant shrinkage of SCCVII derived fumors,

om /onc otarget;
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hyperthermia (MEHT). In this study, wa di
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Hapatems (HapG2) alls wara axpasad to HT trastmant (435€ far 30 min)

CCHT ar a watar bath. MENT producad a much
than €CHT (10.99% * 0.6%), thawatar bath (3.
1.190). The apaptasis-inducing affact of mEH

actien undar

uging mENT,
highar apaptasic rata (43.1%s  5.8% )
4% *+1.7%) ar a 37°C cantral (6.6% +
T at 42°C was similar to that achiavad

weith a watar bath at 46°C. mEHT alsa increasad exprassian of caspase-3, Sand 9. All
thraa hypartharmia mathads incraasad intracallular haat shack protain 70 (HEp?T)

levelz, but only MEHT greatly increasad tha ralaaza of Hsp70 from

calls. Calreticulin

and E-cadharin lavals in tha call mambrana also incraacad aftar mEHT traatmant, but
nat after CCHT or water bath. Thase results suggast that mEHT selactively daposits.
enargy an the cell membrane and may be a usaful traatment madality that targets

cancer call membranes.

INTRODU CTION

Hyperthania (HT), which iwvolves the nse of
different techniques 1 ackisve  fever.like teruperature
(2 42°C) awand tamars [3, 41, has besm wed mainly
in comburation with radiothezapy cr chemolherspy = 2
eamer testment [L, 7). Radiofiequency (EF) testments,
inwhich a pair of capacitive elec todes are placed on
opposite sides ofthebody, e the mostcommonametiods
fox heafing deep-seated t1mox . Conventional eapacifive
conpling hyperthermuia (cCHT), delivered using devices
lke the Themmoton RF-, has been widsly wred in
eneslogieal prastize fovmese than 2 dessdes in Japan
This device poducss dislectric Jeat with high powsr

wia rapid chazges in the electric field (8 MHz) to reach
& goal temperstuns in 4 :paeifi region [3]. Howews,
maintsiring 3 terperatuss of 2 42 C fin 30 o 60 mirates
is generally rotenonghto canse fhe desired cybtoicity &
paevinas stady seposted fhat whils o HT aloe sesalted in
conplets wspemsss i 19 oot oF 157 esses (7.9%4), <CHT i

x chemotherapy meulied incorplete respow s in 134 out
€270 (40.89%), 92 ot of 204 (37.7%6), and 54 onut o 360
(15.004) cases, raspectivaly [

ted e lecbo-hyp eathenmia (mEHT, brade rame
Onzethemis) & a naw loco-wgional slicbmsgnatic
hyperihermia mathod that uses 2 capacifive-impedamce
conpled 13.5 Mz EF cument b selectively tarest
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Tumor volume (mm?)

Combination of mEHT induced local anti-
tumor effect of DC therapy in vivo

- Ctrl

- DC

-~ MmEHT

- mEHT+DC

<= 1. mEHT-DC therapy

Days after treatment

significantly delayed local
tumor growth.

2. Complete tumor regression
was observed in 5 out of 7
mice in this group.

Tsang et al. BMC Cancer 2015; 15:708



Combination of mEHT induced systemic anti-
tumor effect of DC therapy in vivo

Rechallenge a secondary tumor one month later

100

2 b Ctrl
L 804 = DC
5 =4« MEHT
g 60- ~= mEHT+DC
5
g 40+ MEHT-DC showed
= complete rejection of
. 20- a secondary
o~ rechallenge

0 | 1

0 5 20

Days after challenge

Tsang et al. BMC Cancer 2015; 15:708



Unique Immune Characteristics of Modulated-
Electro-Hyperthermia

Induce Apoptosis

Release HSP70

Increase Tumor Infiltrating Leukocytes

Production of IFN-y

Increase PD-1/PD-L1 Expression

Synergistic Effect with Immune checkpoint Therapy

Modulated-Electro-Hyperthermia plus Cell therapy
— Synergistic Effect with Dendritic Cells

— Synergistic Effect with Gamma Delta T Cells



To assess the migration ability of yoT cells
indirect contact with mEHT treated tumor cells

Transwell assay
Upper: yOT 1.5*10"5

Lower: tumor cell 1.5*10"5 CD3+Vy9+

yo T cell
@) 37°C Control _
Seedin
@D 38/42°C Waterbath ﬁ

Count “CD3+Vy9+” cell number
By flow cytometer

4 hr

wh o W W
TRITT MR RN RA

24hr

Tumor cells
HepG2
8,000
6,000
4,000

y6Mcell in lower chamber
(50uL)

2,000 l
,

37°C Control ™ 42°C Waterbath

WA
w
e |

Collect cells in
lower chamber

Wl W
NI I

42°C mEHT

« MEHT treatment can enhance y&T cell migration towards tumor cells

Huang CC et al, Unpublished data



The cytotoxicity of yoT cells
on MEHT treated tumor cells

A549 with y&T during 16hr coculture
37°C Waterbath MEHT

A54 Yo T 25min/second

* MEHT treatment can enhance yoT cell recognize tumor and improve
antitumor activity

Huang CC et al, Unpublished data
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Combination of mEHT induced local anti-
tumor effect of y&T cell therapy in vivo

3000

2500

2000 /
T s C 1|
1500
e MEHT

1 gdT
/ ——mEHT+gdT

Tumor growth curve

iy
o
o
o

500

Days after treatment Huang CC et al, Unpublished data
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. RT>HT HT->RT _
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10° ' 10° '
6 4 2 0 2 4 6 8 (h) 6 4 2 0 2 4 6 (h)
Time interval between Time interval between
heating and irradiation heating and drug

FIGURE 3. Qualitative schematic diagrams of effect of treatment intervals and sequences for combined radiation/
drug and hyperthermia. A, Radiation and heat sequence; B, chemotherapy and heat sequence, effect of supra-
additive drugs. Survival fraction is the colonies counted divided by the number of colonies plated with a correction
for the plating efficiency. RT, radiation therapy; HT, heat therapy; CT, chemotherapy.

Critical Reviews'" in Biomedical Engineering, 38(1):101-116 (2010)






Percent Response %

83 83 &4
6d
57 59
53
46
4l 41
28 29
20

Hyperthermia Improves Response Rates
When Used As A Combined Therapy

Clinical Trial Results

100

66
| I

Head & Melanoma’ Soft Tissue Bladder* Cervical® Breast* Prostate’ Rectal® Axilla/ Previous!

ml:ledgd‘ Sarcoma’ Chest Wall® Irradiated™
yroi

68

L]

>~

® RT or Chemo Alone  m Hyperthermia + RT/CT

' Valdagni €1 81,1994 17 Overgaard et o1 1995 () Issels et al, 2010 | *Colombo et 81,2011 | * Van der Zee, 2000

“Vernon et al 1996 | " Hurwitz et al, 2015 | * Kakehi ot al, 1950 1 " Jones et al, 2005 ' * Vaernon ¢t 31,1996



Oncothermia vs SEER Data Base

NATIONAL CANCER INSTITUTE
Surveillance, Epidemiology, and End Results Program

120 T — £7300
= [ O oheria dals E
-.E () Omoothenmis patient’s number -
[ =%
00 T 2 = 250
.
=
2
80 T-= 1200
60 T T150
40 T T 100

0

Smmnnh culnn anlun Liver Pnnnruu Lungmd Hruﬂ Kidnnyund Brain GEM
renal pelvis

Fig. 14. Comparison of the first-year survival rates of various cancers with the large SEER
database



Response Rate and Survival Based on Oncotherm Data

TaBLE 1: Collection of the studies (phase II) made by oncothermia in combination with various conventional oncotherapies. (Data are

weighted averages of the study results.) " 3 F R A L% 8 RE B A T 35% S
Ist year Median Responding Median overall Median overall survival
Study Numbfer Nu.m ber of survival overall patients/ratio survival of responding  of nonresponding
of studies - patients () (%) survival (m) (%) patients (m) patients (m)
Brain studies 10 521 73.99 22.19 44.09 51.31 15.88
Pancreas studies 6 184 47.04 11.02 53.05 28.09 7.58
Lung studies 5 636 64.76 15.79 25.73
Bone 3 79 40.10 90.90
Liver metastasis 7 267 86.00 18.06 80.00
Colorectal 7 447 63.18 109.80 23.20
Gynecology (pelvic) 5 100 93.22 33.25 44.82 89.36 21.70
Breast 1 103 9710 52.10 45.00 274.80 10.90
Esophagus 2 19 41.70 55.64 35.00 29.40 8.50
Stomach study 1 68 58.90 14.40
Kidney cancer 1 39 84.60 35.90 48.00 78.40 33.70
Urinary bladder cancer 1 18 85.00 36.50 73.00 42.00 22.60
Head and neck 1 64 92.20 26.10
Soft tissue sarcoma 1 16 100.00 35.90 31.00 115.30 31.30
Prostate 3 135 88.90 38.80 72.00 53.40 7.60
SUM 54 2796 A 5163 e
Volume 2013, Article TD 159570, 20 pages

http://dx.doi.org/10.1155/2013/159570



Cervix Cancer: Cochrane Systemic Review

References to studies included in this review

Chen 1997 (published data only!
* Chen HW, Fan [], Luo “W. A randomized crial of
hyperthermo-radiochemotherapy for urerine cervix cancer.
Chinese fowrnal af Clinical Oncology 1997:24(4):249-51.

Datta 1987 fpublished data only!
* NR Dara, AK Bose, HK Kapoor. Thermnradint]\erap}-
= COCh ra ne in the management of Carcinoma Cervix (Stage 1IIB): A
controlled Clinical Swmdy. fwdfan Medical Gazerre 1987;
- L'b 121:68-71.
y [ ra ry Harima 2001 (published dara only
* Harima Y, Magara K, Harima K, Osapenko VW, Tanaka
Cochrane Database of Systematic Reviews ¥, Sawada 5. A randomized clinical rrial of radiation therapy
versus thermoradiotherapy in stage I1IB cervical carcinoma.
Tnrernacional Jowrnal af Hyperthermia the Official fosrnal of
European Sociery for Hypevihermic Oncelogy, Noreh American
Hypershersia Growp 20001;17(2)3:97-105. [MEDLINE:
Index-MMedicus]

Sharma 1991 [published dara onlyf
2015 * Sharma 5, Singhal 5, Sandhu AR Ghoshal 5, Gupra

B, Yadav M5, Local thermao-radiotherapy in carcinoma
cervix: improved local contral versus increased incidence

ot distant metastasis, Asia Oceania fowrnal af O bsrerrics and
Crymaecology ACFOG 1991:17(1):5-12.

- . . . van der Fee 2000 [published data only!
treatmg locally aduanced cervix carcinoma (Reu|ew) * Van der Zee |, Gonzalez-Gonzales 1D, Van RGC, Van

DB Van PWL], Hare AAM. Comparison of radiotherapy
alone with radiotherapy plus hyperthermia in locally

Combined use of hyperthermia and radiation therapy for

advanced pelvic tumours: A prospective, randomised,

Lutgens L, van der Zee J, Pijls-Johannesma M, De Haas-Kock DFM, Buijsen J, van Mastrigt GAPG, multicentre trial. Lancer 2000;355(9210):1119-25.
. . Vasanthan 2005 [pubiished data ownlyf
Lammerlng G$ De RuySSChE‘r DKM? Lambin P * Wasancthan A, Misumori M, Park JH, Zhi Fan 7, Yu

Bin 7, Oliynychenko B er al. Regional hyperthermia
combined with radiotherapy for uterine cervical cancers:

A multi-institutional prospecrive randomized crial of the
international atomic energy agency, fternationad fowrnal of

Racliation Oneology, Biodogy, Physics 2005:6101):145-53.



Cervix Cancer

30— Y% CERVICAL STUDY RESULTS M Radiation Therapy (RT) Alone

M Hypertharmia + RT
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Source: Cochrane Systemic Review



Cervix Cancer

Clinical Evidence

Tumor Entity:

® Cochrane review: adding hyperthermia to standard RT or CCRT for
locally advanced cervical cancer has an impact on local tumor control, survival,
and treatment related morbidity.

® 6 RCTs in patients with primary cervical cancer stage IIB, IlIB and IV.

Treatment Modality:
® Conventional EBRT + brachytherapy, in one trial with Chemo as well.
® Patients were randomized into: RT

RT + HT ( 3-12 treatments during EBRT)

® Patients recruitment sites: AMC Amsterdam using a device similar to the earlier designed BSD-1000,
Erasmus MC Rotterdam used the BSD-2000 Hyperthermia device.



Cervix Cancer

Clinical Results:

® Majority of patients (74%) in the studies had FIGO stage IlIB cervical carcinoma.
® Treatment outcome : better for patients receiving RT+ HT
® Pooled data analysis yielded a significant:

® higher complete response rate (RR 0.56; 95% Cl 0.39-0.79; p<0.001),

® reduced local recurrence rate at 3 years (HR 0.48; 95% Cl 0.37-0.63; p<0.001),

® better overall survival at 3 years (HR 0.67; 95% Cl 0.45-0.99; p=0.05) after combined treatment.
® No significant difference was observed in

® treatment related acute (RR 0.99; 95% CI 0.30-3.31; p=0.99) or
® |ate grade 3-4 toxicity (RR 1.01; 95% Cl 0.44-2.30; p=0.96) between the two treatment arms.



Cervix Cancer

Recurrent or Residual Disease

Addition of HT to chemotherapy increases response to >50% and 2 year
survival to >10% in previously irradiated cervical cancer patients

" [ study | HT | Chemotherapy |  Outcome |  Results |

E¥ARY Phase I HT 1 with each Platinum based; 6 Objective Response  58% with 16% 2yr
Cisplatin dose cycles (includes PR + CR) survival

EEJRS Phase HT+ChT: n=19 Cisplatin max 12 Response rate 50%
60 min, 1HT/wk cycles
[19] R ENERL HT+ChT: n=19 Platinum based; 6 Objective Response  53%
60 min, 1HT/wk cycles (PR and CR)
Phase Il mEHT+ChT: n=18, ChT: n=20, Platinum Tumour response MEHT+ChT: 50%
RCT 3/wk (total 36); 60min based; 4-7 cycles CT: 20%; p=0.0461

[17] Franckena M et al. Weekly systemic cisplatin plus locoregional hyperthermia Int J Hyperth. 2007;23(5):443-450.
[18] Rietbroek RC et al. International Journal of Radiation Oncology Biology Physics. 1996;34(4):887-893.

[19] de Wit R, et al. British Journal of Cancer. 1999;80(9):1387-1391.

[20] Lee S et . Treatment outcome analysis of chemotherapy combined with mEHT. Oncology Letters. 2017;14(1):73-78.



Breast Cancer

Locally Recurrent Breast Cancer (previously irradiated)
Meta-analysis of 34 studies, 2110 patients:

RT+HT = Complete response in >60% of patients
Median survival: 17 months, 3yr 0S: 37% [21]

*no other options

Hyperthermia is included in the National Comprehensive Cancer Network
Guidelines as an option for breast cancer recurrences since 2015 [22]

Two Protocols : [23]
BVI: 8 x 4Gy (4 weeks) + 1HT/week
AM: 12 x 3Gy (3 weeks) + 2HT/week (less toxicity)

[21] Datta NR et al. Int J of Rad Onc, Bio, Phys. 2016,94(5):1073-1087
[22] Kouloulias V et al. Breast Care. 2015;10(2):109-116.
[23] OldenborgS. et al. Radiotherapy and Oncology. 2015;117(2):223-228.



Esophageal Cancer
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Chemoradiation combined with regional hyperthermia for advanced oesophageal
cancer: a systematic review and meta-analysis
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19 RCTs
* 1519 patients



* 19 RCTs
* 1519 patients

HCRT CRT

Study or Subgroup  Events Total Events Total Weight

Odds Ratio

M-H, Fixed, 95% CI

M-H, Fixed, 95% CI

1.1.1 (1)-year survival rate

Cai JD 2014 26 30 20 30
Cai XJ 2011 22 29 22 32
Kaoru K 1995 22 32 21 34
LiLJ 2012 22 30 23 33
Mao LF 2011 1 12 9 1"
Tong QG 2004 30 34 28 36
You CW 2011 25 30 20 30
Subtotal (95% CI) 197 206
Total events 158 143

Heterogeneity: Chi* = 217, df =6 (p = 0-90); P = 0%
Test for overall effect: Z = 2:45 (p = 0-01)

1.1.2 (2)-year survival rate

Cai XJ 2011 19 29 17 32
Kaoru K 1995 18 32 14 34
LiLJ 2012 17 30 18 33
Wang LQ 2015 27 43 22 43
Subtotal (95% CI) 134 142

Total events 81 4l
Heterogeneity: Chi* = 062, df =3 (p = 0-89); P = 0%
Test for overall effect: Z = 1-74 (p = 0-08)

1.1.3 (3)-year survival rate

Cai XJ 2011 14 29 12 32
Kaoru K 1995 16 32 8 34
LiLJ 2012 17 30 14 33
Mao LF 2011 5 12 2 1"
Tang Z 2015 18 30 16 30
Tong QG 2004 15 34 8 36
You CW 2011 13 30 1 30
Subtotal (95% CI) 197 206
Total events 98 7

Heterogeneity: Chi* = 2:93,df =6 (p = 0-82). F = 0%
Test for overall effect: Z = 3-13 (p = 0-002)

9-8%
18-5%
23-4%
214%

29%
117%
12:2%

100-0%

20-5%
21-9%
27-4%
30-2%
100-0%

17:5%
11:5%
171%
36%
19-0%
12:9%
18:'5%
100-0%

3:25 [0-89, 11-90)
1-43 [0-46, 4-43)
1-36 (049, 3.77)
1-20 [0-40, 3-59)

2-44 (0-19, 31:53)
2-14 (0-58, 7-91)
2:50 [0-74, 8-50)
179 [112, 2:84)

1-68 (060, 4.71)
1-84 [0-69, 4-88)
1-09 (0-40, 2.95)
161 (068, 3-81)
153 [0-95, 2-47)

1-56 [0-56, 4-32)
3.25(1-13, 931
177 (065, 4-82)

321 [0-47, 21-80)
1:31 (0-47, 3-65)
2:76 (0-98, 7-80)
132 (0-47, 3.72)
191 [1:27, 287)

Esophageal Cancer

b
1.1.4 (5)-year survival rate
Mao LF 2011 3 12 0 1"
Tong QG 2004 8 34 1 36
Subtotal (95% CI) 46 47
Total events 1 1

Heterogeneity: Chi* = 0-02, df = 1 (p = 0-90); ¥ = 0%
Test for overall effect: Z = 2-57 (p = 0-01)

1.1.5 (7)-year survival rate

Mao LF 2011 2 12 0 1"
Tong QG 2004 5 34 0 36
Subtotal (95% CI) 46 47
Total events 7 0

Heterogeneity: ChF = 018, df = 1 (p = 0-68); IF = 0%
Test for overall effect: Z = 2-08 (p = 0-04)

33.8%
66:2%
100:0%

50-6%
494%
100-0%

847 [0-39, 185:35)
10-77 (127, 91-52)
9-99 [1:72, 57-91)

548 (023, 127:73)
13-61 (0-72, 256-28)
9-49 [1-14, 79-27]

Fig. 2. Meta-analyses of OS rate for HCRT vs. CRT at 1, 2, 3, 5 and 7 years

0-005

01



Head and Neck Stages II-1V

— Meta-analysis by Datta et al in 2015 [26]
* Six 2-armed studies; N= 451 patients (5 RCTs)

e Complete response improved from 39.6% to 62.5% (OR 2.92; p < 0.0001)
v" Nasopharyngeal
v’ Oral Cavity
v Oropharyngeal
v Hypopharynx
v Neck nodes
v’ Recurrent laryngeal

*  2HT/week during EBRT (+- 12 HT treatments)
*  With or without chemotherapy

[26] Datta NR. et al (2015) Meta-analysis of HT and RT for head and neck cancers Int J of Hyperthermia. 2015;32(1):31-40.



Head and Neck Stages II-1V

Meta-analysis: Complete local response in head & neck (Datta et al, 2015):

RT (183/364, 50.3%) RT + HT (266/353, 75.3%), Odds ratio = 3.71 (95% Cl, 2.55-5.38), p < 0.001

NP (TNM II-IVA) RT vs 23/49  34/49 CR 2.56 (1.12,5.86)  0.026
RT+ICHT (radiological)
NFPEIE NP (TNM 11I-1V) CRT vs CRT+ICHT 49/78  62/76  CR 2.62(1.25,5.49)  0.011
NP (TNM I-IV) RT vs 73/90 86/90 CR 5.01 (1.61, 15.55)  0.005
RT+ICHT (radiological)
OC, OP, HP (TNM Il-IV)  RT vs 11/26  22/28  CR 5.00 (1.52, 16.46)  0.008
RT+HT
OP, HP RT vs 4/15 11/15 CR 7.56 (1.50, 38.15) 0.014
RT+HT
Preop RT vs 4/24 10/18 CR 6.25(1.51, 25.86) 0.011
Preop RT+HT (pathological)
Neck nodes RT vs 9/22 15/18 CR 7.22(1.61,32.46) 0.010
RT+HT
Recurrent laryngeal CRT vs CRT+HT 0/28 8/26 CR 26.19 (1.42, 0.028
481.51)
0C, OP (I-1V) RT vs 10/32  18/33 CR 2.64 (0.96,7.28)  0.061
RT+HT

Abbreviations: CR: Complete response; CRT: Chemoradiotherapy; ICHT: Intracavity Hyperthermia; HP: Hypopharynx; NP:
Nasopharyngeal; OC: Oral Cavity; OP: Oropharyngeal; OR: Odds Ratio; RT: Radiotherapy

[26] Datta NR. et al (2015) Meta-analysis of HT and RT for head and neck cancers Int J of Hyperthermia. 2015;32(1):31-40.



Bone Metastases

Phase lll Trial on Pain Management for Bone Metastases(s7

e Exclusion: Pathologic fracture impending immediate surgical intervention,
Pace maker in the treatment field

* Improves pain and local response from the 7% to 38% (p=0.006)

 Complete Response (CR) was defined as pain score O at the treated site
with no concomitant increase in analgesic intake (oral morphine equivalent

dose).
CR at 3 months RT+HT: 37.9%
2/week after EBRT 30Gy in 10 RT: 7.1%; p=0.006

(total 4) fractions
Median time to pain  RT+HT: n=>6mnths

progression after CR  RT: n=55days; p<0.01

Abbreviations: CR: Complete Response; EBRT: External Beam Radiation; HT: Hyperthermia; RT: Radiation therapy

[35] Chi M-S et al., International Journal of Radiation Onc, Bio, Phys. 2017,100(1):78-87



Pancreatic Cancer

PANCREAS: locally advanced (IVA); metastatic; or refractory [39]

With Radiotherapy: HT 2/week (50-60Gy)
With Chemotherapy: On the same day and up to three times in between
doses

ChT agents tested with HT:  5FU +/-MMC; Gem; Oxaliplatin; CDDP; Carboplatin

In a review including 14 trials:
HT may improve complete response (CR) from 35% to 44%
and median survival may be increased to up to 11.7 months

Review of 14 Locally HT+RT: n=17 EBRT 50-60Gy RT/ChT+HT: 43.9%

studies advanced: HT+CRT: n=82 RT/ChT: 35.3%;
n=204(52%), RT+ChT: n=149 ChT: 5FU; Gem;

With HT: n=248; metastatic: MMC; Oxali; Median Overall  RT/ChT+HT: 11.7

Without HT: n=175(44%); CDDP; Carbop Survival: months RT/ChT: 5.6;

n=147

[37] van der Horst A et al. The clinical benefit of hyperthermia in pancreatic cancer: a systematic review, International J
Hyperthermia. 2018,34(7):969-979



Hyperthermia plus chemotherapy for soft tissue sarcomas

ESMO[40]: Irresectable, locally advanced high-risk STS (> or =5 cm) grade 2 or 3 + RT/ChT
OR combined with radiotherapy or chemotherapy for limb-preserving surgery;

Metastatic or recurrent tumours that have been previously exposed to treatment and require
re-treatment.

Including Liposarcoma, leiomyosarcoma, synovial sarcoma.
Within two hours of each IV ChT OR HT 2/week + EBRT

I O N S R
n=169 n=172

G2-G3, ChT: EIAx 8 cycles  Progression free at 2yr 30% 19% 0.035
deep, >3cm 3 wks apart Median PFS 120 months 75 months  0.003
STS Median DFS 32 months 18 months  0.011
HT given on days 1 5yr survival 63% 51% 0.04
and 4 of each 10yr Survival 53% 43%
cycle, total 16 HT ~ Time to local progression 67.3 months 29.2 months 0.002
Median survival 15.4yrs 6.2yrs 0.04

Abbreviations: ChT: chemotherapy; CR: Complete Response; EIA: etoposide, ifosfamide, and doxorubicin; STS: Soft tissue sarcoma; RT:
Radiotherapy; HT: Hyperthermia; RAS: Radiation Associated Sarcoma

[40] ESMO — EURACAN Clinical Practice Guidelines for diagnosis, treatment Clinical Practice Guidelines. 2018;29(May).
[41] Issels RD et al Lancet Oncology. 2010;11(6):561-570.
[42] Issels R et al JAMA Oncology. 2018;4(4):483-492.



Re-Irradiation

Re-irradiation with HT offers a
local response rate reported in
over 50% of patients.

Hyperthermia (HT) in these cases
is used in the absence of, or with
limited, other options available.

HT 2/week during EBRT

v
v
v
v
v
v
v

Breast Cancer[21]

Recurrent laryngeal,[33]
Recurrent rectal cancers,[38]
Pancreatic cancer,[45]

Radiation induced sarcomas, [48]
Melanoma,[49]

Glioblastomas,[50]

[21] Datta NR et al. International Journal of Radiation Oncology, Biology, Physics. 2016;94(5):1073-1087.
[33] Svetitsky P V. The Journal of Laryngology & Otology. 1990;104(9):704-705.

[38] Juffermans et al. Cancer. 2003;98(8):1759-1766.
[48] de Jong MAA et al. Cancer. 2012;118(1):180-187.

[45] Maluta S et al. Strahlentherapie und Onkologie. 2011;187(10):619-625.
[49] Overgaard J et al. International Journal of Hyperthermia. 1996;12(1):3-20.

[50] Heo J et al. Neoplasma. 2017;64(5):803-808.



Re-Irradiation

Summary of Studies on Re-Irradiation of Local Recurrences

. JTtumour _________fsSample _________|RT__________[HT _____ |Response ___________|

[21] Breast Cancer: 34 studies, n=2110 BVI or AMC BVIor AMC CR at 3 months 60%
[33] Laryngeal: HT group: n=26 30Gy over 3 3/week 3year survival:
Randomised Recurrent Control: n=28 weeks 33% vs 0%
(all pts had 2 year survival:
methotrexate) 75% vs 7%
[38] Rectal: n=54 BVI or AMC BVIor AMC Palliative effect in 72%,
Phase Il Recurrent duration 6 months
[45] Pancreas: HT group: n=5 30Gy in 10 2/week Median survival: 15 vs 11
non-randomised Recurrent/ Control: n=7 fractions months (incl. metastatic dx)
Metastatic
[48] Radiation Associated n=16 32Gy in 8 2/week Median survival: 15.5 months
Retrospective Sarcoma (thorax) fractions 75% response rate
44% CR
[49] Melanoma: HT group: n=9 3 x 8/9Gy four With each 2yr local control: 28% vs
Randomised Recurrent/ Control: n=7 days apart RT 46%, p=0.008.
Metastatic
[50] High Grade Gliomas: n=20 30Gy in 15 2/week Median survival 8.4 months
Phase Il Recurrent fractions 6émnth survival: 67%

12mnth survival: 30%



Abscopal Effects

ORIGINAL RESEARCH ARTICLE ,.)
Front. Oncol., 10 March 2020 | https://doi.org/10.3389/fonc.2020.00254

Putative Abscopal Effect in Three
Patients Treated by Combined
Radiotherapy and Modulated
Electrohyperthermia

Mau-Shin Chi'?, ﬂ Minesh P. Mehta®, Kai-Lin Yang', Hung-Chih Lai’, Ying-

Chu Lin?, Hui-Ling Ko!, Yu-Shan Wang?5, Kuang-Wen Liao® and Kwan-Hwa
Chi*”

A 60-year-old female had right renal pelvis urothelial carcinoma
diagnosed in October 2016. She underwent robotic right
nephroureterectomy and bladder cuff excision, revealing a
PT4NO tumor treated with adjuvant tumor bed radiotherapy to 48
Gy in 24 fxs

2"d course RT: 40Gy/20 + mEHT x5 weekly +Carbo+Gemzer x2

Before treatment

After treatment
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