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Journal of the American Medical Association

New Cancer Study Promises Longer Life

PHASE 11l RANDIMIZED CLINICAL STUDY

RESULT: Patients who received chemotherapy plus hyperthermia had prolonged median survival SOFT TISSUE SARCOMA
rate of 15.4 years compared with those randomized to neoadjuvant chemotherapy alone (6.2 years).

STUDY HOSPITALS STUDY
included Germany,
CHEMOTHERAPY ADD HYPERTHERMIA Norway Austrinond A RHICIPANTS
e The United Scates
Neoa d?,uvant tered to the tumor, every
chemotherapy Three weeks to a 1qgalized
Temperature of 42 C

Median Survival

If you had a chance to live longer,
Would you choose RF Hyperthermia? - T

: 3 . IM PROVE Journal of the American Medical Association
STS Statistics Overall Survival 10YEAR HYPERTHERMIA
According to the American Cancer Society Effect of Neoadjuvant Chemotherapy Plus Regional
3 A H the L -t Outc A Patient:
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be diagnosed in the United States in 2018. “ localized I)eatln? of a cancer The EORTC 62961-ESHO 95 Randomized Clinical Trial
tumor to “fever” temperature i X
NEw cases @ @ new cAsEs " between 40°C and 43°C, Lssels RD, Lindner LH, Verweij |, Wessalowski R,
3 Hyperthermia has little o no Reichardt P, Wust P, Ghadjar P, Hohenberger p, Angele
5.670 7.370 2 toxicity and is generally given M, Salat C, Vujaskovic Z, Daugoaard S, Schmidt M,
5 20 Yy 9 . v 9 Hiddemann W, Jauch K, Belka C, Gronchi A, Effect of
3 in conjunction wit Neoadjuvant Chemotherapy Plus Regional
DEATHS DEATHS & 20 radiotherapy and or Hyperthermia on Long-term Outcomes Among Patients
chemotherapy. With Localized High-Risk Soft Tissue Sarcoma The
2.380 2770 10 o, EORTC 62961-ESHO 95 Randomized Clinical Trial.
BY ADDING HT =~ 42T
United States 2018 . JAMA Oncol. Published online February
5 year 10 year HYPERTHERMIA [108°F] 15.2018.d0i:10.1001 /jamaoncol.2017.4996
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Strahlentherapie
und Onkologie

Current Discussion

Quality Assurance for Clinical Studies in
Regional Deep Hyperthermia

Gregor Bruggmoser"”, Stefan Bauchowitz?, Richard Canters”, Hans Crezee™, Michael Enmann’”,
Johanna Gellermann®", Ulf Lamprecht®’, Nicoletta Lomax®, Marc Benjamin Messmer’, Oliver Ott?',
Sultan Abdel-Rahman””, Rolf Sauer?, Manfred Schmidt, Andreas Thomsen', Ridiger Wessalowski?,
Gerard van Rhoon'®"

Background: A guideline is provided for the implementation of regional deep hyperthermia treatments under strict ules of

sis regional deep (RHT) and MR-controled partil body hyper\hem\la
(PBH) of According treatment s a lied in combina-
tion with chemotherapy. and/cr radiotherapy.

Methods: The guideline is based on practical experience from several hyperthermia centers. The procedure allows applying

Results: The uideline contains recommendations for hyperthermia treatments, including indication, preparation, treatment,
and standardized analysis.
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2ur von wurde ine Leitinie erstell

Ziel war, ein verglei und hen bei der Behandlung und der wi Auswertung von
Die L die,Regional (RHT) und die MR-

Kontrollierte 3 Patient

Leitlinie wi

Methodik: Die Leitinie basiert auf praktischen wamungen mehrerer Hyperthermiezentren. Dieses Vorgehens erlaub abge-
Ergebnisse: Diese Leitlinie enthalt fir mit
Durchfithrung und standardisierter Auswertung.

Hyperthermienebenwirkungen
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Background and Purpose
Members of the ESHO Technical Commiltee in the Inter-
disciplinary Working Group Hyperthermia (IAH) in the
German Cancer Society defined an extensive guideline for
regional hyperthermia as part of an overall quality assur-
ance (QA) program in hyperthermia, which is essential for
physicians, physicists, and technical personnel performing
and supervising hyperthermia treatments [19]. The objec-
tive is o guarantee an acceptable quality level as well as a
comparable and traceable method when applying hyper-
thermia in clinical studies.

‘The premise of this QA guideline program is that the cf-

1 clinical stud-

cists, engineers, as well as technical staff, nurses, and personnel
required for special applications.

Hyperthermia treatments are always performed under
the medical responsibility of a qualified physician. A qualified
physicist or engineer is responsible for the physlunl-(echni-
cal aspects of including QA and
planning (HTP). Two qualified persons must be present during
treatment.

In principle, the following guidelines must be considered:

Guidelines of WHO (www.who.int),

Guidelnes of DEGRO (v degrorg)

iea relies exclusively on its thermal effect on tumors, [15, 16,
17, 28, 30, 31]. For this reason, it is mandatory that hyper-
thermia treatments are performed by devices that are techni-
cally capable of delivring selective and controlled heating to

.

= Guidel f ESHO (www.eshs

® Declaration of Helsinki (www.wma,ntl), and
* goodd

ical practice (GCP) (www.emea.eu.int)

Quantities and Units

get volume, whil imal heating of

y

hgndfncudngdmmngmﬂ:mmmurmvolm

In addition, recording the temperature in the target volume
diretly or in the surrounding, tumar ndicative, anue s =
sential for

termms of this guideline, mym.hudgvlmwhthuhmuﬂy

Measuring s of great and is at the
present time still the most reliable method to record and ver-
ify whether the therapeutically required temperatures are ob-
tained in the target volume. At the same time, these measured
temperatures provide important information when evaluating
whether undesired hot spots in the normal issue could be
avoided.

probes are ially placed in the target
40and “'Cfuut volume or in the vicinity of the targe volume i order 0 ac-
least 60 min or not capable quire To preserve healthy tissue

Lh:duaihedlaﬂmunhuuldnmbemedﬂwhypmhemu
treatment.

The current publication provides a short version of the
quality assurance guideline for the clinical application of re-
gional deep hyperthermia (RHT) and MR-controlled partial
body hyperthermia (PBH) in adult patients in a combined
treatment using chemo- and/or radiation therapy [6, 22, 23,
24, 25, 27]. This shortened document focuses on the main re-
sponsibilities and technological requirements for clinical ap-
plication of regional deep hyperthermia according to the QA
guidelines. The full version of the guideline is available on the
webpage of the IAH (www.hyperthermic.org) in German and
English (both will be published as a supplementary document
in Strahlentherapie und Onkologie (1]). Italso provides a partial
update of the ESHO quality assurance guidelines for regional
hyperthermia of 1998 [19].

Responsibilities for the Indication, Planning,
Treatment, and Documentation
‘The physician is responsible for the indication for hyperther-
‘mia treatment, taking into account inclusion and exclusion cri-
teria, based on medical history and patient information. This is
defined in the relevant study protocol
Hyperthermia is a multidisciplinary method based on
‘medical and technical aspects. It involves various professional
groups, radiooncologists, medical oncologists, medical physi-

and possible nsk organs, other probes are placed appropriately,
including a record of the systemic temperature [2, 4, 8].

Relevant parameters for determining the quality of the hy-
perthermia are

= TD43(T90) or CEM43 [T90] in min,
= TD43(T50) or CEM43 [T50] in min, and

=T T T Tap Ty T Ty in °C.

‘The parameter relevant for sparing healthy tissue is

© T, innormal tissue in °C.

Treatment

Only devices that are technically capable of achieving con-
trolled heating in a target volume, while simultancously sparing
normal tissue, may be used for hyperthermia treatments. For
the Western patient, who has gained weight at the abdominal
wall, hips, or buttocks exceeding 2 cm thickness, these above
mentioned requirements are technically best achieved when
spatial power control is used, guided by active thermometry in
the target volume. Hence, the QA document concentrates on
the applcation o reglonal decp hypcnhermla applied by such
refer to those
phas:d array systems currently vied by the majority of the ac-
tive hyperthermia groups within an academic environment.
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Hyperthermia 7| 2AHA

Hyperthermia as the Fourth Column in
Oncology A|42| %2 - TXOp2Hotz|2

“The Heat is on in Oncology” - research and the clinical applica-
tion of heat therapy is currently being dynamically promoted
under this slogan. While just a few years ago hyperthermia was
considered a dubious therapeutic approach with an unproven
effect, today numerous renowned university hospitals are using
this technically sophisticated procedure for fighting cancer. Itis a
procedure that - and this is important to note - used in combina-
tion with standard cancer therapies only, can extend more lives
than many of the medications developed over the last few years.
Radio frequency-induced hyperthermia can significantly increase
the survival rate of cancer patients. In Phase Il studies, where hy-
perthermia was combined with radiation therapy and/or chemo-
therapy, hyperthermia improved the two-year local tumor control
results for high-risk sarcoma from 12% to 37% and for melano-
ma from 28% to 46%:; increased complete remission for breast
cancer recurrence from 38% to 60%; an increase in two-year sur-
vival rate for glioblastoma from 15% to 31%; and an increase in
complete remission of advanced cervical carcinoma from 57% to
83%, compared with radiation therapy or chemotherapy alone.
The actual heating, hyperthermia, is generated by transmitting
the radio waves into the tissue. After a short while, thermal shock
proteins emerge on the tumor cell surface. As a consequence,
immune system cells are activated and can efficiently destroy the
tumor cells that carry such thermal chock molecules.
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Weaknesses in malignant tumors
OI-A'l_%OFOI OFZd
MTocoo—| 1o

Malignant tumors result from the growth of mutated cells, which
require more energy to survive than normal cells. The existing
blood vessels that provide nourishment and oxygen for the cells
provide insufficient energy for the uncontrolled multiplication of
these cells. For this reason, malignant tumors stimulate the growth
of additional blood vessels. However, these new blood vessels ex-
hibit chaotic structures, when compared to blood vessels in nor-
mal tissue. They are of an unusual size and have kinks and dead
ends. Often, large areas of tumors are hypoxic because of the
irregular structure of these blood vessels. And because hypoxic
cells cannot sufficiently eliminate contaminants via the blood,
they exhibit a lower pH value. Additionally, significant changes
in perfusion can often be observed with these tumors because
the unstable blood vessels periodically collapse and deprive the
cells of oxygen. It is extremely difficult to kill oxygen-deficient cells
with ionizing radiation (which forms oxygen radicals that attack
DNA) or chemotherapy (which requires blood flow to transport
the cytostatic agents). Because hypoxic cells tend to metastasize,
their destruction is a high priority in cancer treatment.

AN BU UM ECH B2 0| 4R 7HE 38 SHHO| M2 Mo
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Normal blood vessels in healthy tissue

Defective blood vessel from cancerous tissue



The effect of hyperthermia at the biochemical level 1|27} M55t 420 0|2|= Ak

Hyperthermia destroys cancer cells by raising the temperature
in the cell to between 41.5°C and 43°C. It takes advantage of
the weaknesses in malignant tumors described above. Since the
body reduces temperature through perfusion, tumors with low
orirregular perfusion remain at a higher temperature level during
hyperthermia, while the surrounding normal tissue, with regular
perfusion, remains at a lower temperature.

Science attributes the death of cancer cells at hyperthermic tem-
perature to damage of the plasma membrane, the cell skeleton,
and the cell nucleus. Cancer cells are particularly susceptible to
hyperthermia treatment due to their high acidity. This is the result
of their inability to eliminate anaerobic metabolites. Hyperthermia
attacks the overacidified cells, breaches the stability of the cellular
proteins, leads to their aggregation, finally resulting in cell death.

iy fhy fhy

Hyperthermia Hyperthermia Hyperthermia
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®e
Folded,

Active
Proteins

Inactive
Protein
aggregates

Unfolded,
Inactive
Proteins

Biochemical mode of action of hyperthermia
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Synergistic mode of action of radiotherapy and
hyperthermia

Why hyperthermia increases the efficacy of radiation therapy by up to a factor of five
hyperthermia and radiation therapy complement one another,
NFO2 AR 27 HAMMZ| 22| &5 2| SHITEA| S7FA7| 1 WA 2| 221 A 2 Hekel 4= l=0|F

The thermal stimulus associated with hyperthermia treatment causes
improved blood circulation and therefore improved oxygen supply
to the tumor. This is important for increasing the efficacy of radiation
therapy. lonizing radiation destroys cancerous tissue primarily through
the generation of oxygen radicals that attack the DNA of the cancer
cells. Tumor cells containing insufficient oxygen are three times more
resistant to ionizing radiation than normal cells. Thus, there is a direct
relationship between hypoxia in human tumors and radiation therapy
failure. Conversely, the higher the oxygen content in the cancerous tis-
sue, the more effective the radiation therapy.

In addition to the creation of oxygen radicals that attack cancer cell
DNA, hyperthermia also causes the accumulation of proteins in the cell
nucleus. This prevents the self-repair of cancer cell DNA that is damaged
by the ionizing radiation. A further enhancement of the ionizing radia-
tion is based on the phases of the cell cycle. Tumor cells are resistant to
ionizing radiation during the synthesis phase, but they are susceptible to
the destructive effects of hyperthermia during this phase.

Poorly perfused tumor tissue that is resistant to ionizing radiation is sus-
ceptible to hyperthermia.

In contrast, tumor tissue with good blood circulation does not react to
the heat, but is susceptible to ionizing radiation. This complementary
interaction is a compelling reason for combining hyperthermia and ra-
diation therapy (thermoradiotherapy). In-vivo studies have shown that
the use of hyperthermia can increase the effects of radiation therapy by
a factor of between 1.2 and 5. This means that hyperthermia is one of

the most effective potentiators of radiation therapy.
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Results of major studies
N2 AR g0l £ H ZHu}

Over the last 15 years, 34 clinical studies (17 phase | or I,
17 phase Ill) have been published regarding the effects of hyper-
thermia combined with radiation therapy and/or chemotherapy.
The following studies are the most important studies from leading
European and North American research centers.

Al 158 S 3ATHO| USRI 1770, 141771 7 AR 2]
& L oloteHit AgkE NHO| Fefol| 2o YRS L A =R

H=0]9] HHIEA 7 1Y S8t S YL

Superficial tumors EAEZY

In 1996, Cancer, the international journal of the American Cancer
Society, reported a dlinical study of 23 patients with head and neck
tumors, breast carcinomas, and malignant melanomas, which was
conducted by Mayer and Hallinan at Johns Hopkins Hospital (USA)
The results showed complete remission in 89% of patients and dem-
onstrated that 74% of patients were free of local recurrence after two
years. All patients were treated with hyperthermia and brachytherapy.
The authors concluded that “outpatient treatment of human neopla-
sia with interstitial thermoradiotherapy can be performed practically,
and is safe and effective® (refer to 77/11, pp. 2363-2370).

1996 0= f5t2]e| =2 A4 E21 2 (Cancer) 2 24 7 1A Hp| 1|00

o g2] 10| 233 £ 9, QY U OFY B BIAF 2320 Yl
;'—H*EBH*ucuﬂzrssa%ﬂ SIAIOIA] RF 27} SRl IR 00 21

Breast carcinoma -Q4iet

The results of a multi-centric clinical Phase Il study that included 306
patients with superficial localized breast carcinoma were published in
1996 by Vernon, Hand, Field, et.al (London, Great Britain) in the Inter-
national Journal of Radiation Oncology, Biology, Physics. The results
showed that the rate of complete remission increased from 41% to
59%, and the recurrence-free survival rate from 30% to 50%, when
comparing the combined hyperthermia and radiation therapy treat-
ment with radiation therapy alone (refer to vol. 35, no. 4, pp. 731-744).

HHXNO 2 ZLA0I QH A2 911 QU= 306 2SS Q= ot A
T 2= 1996:E0] HZHE =H YAMISt A, =3t =206t 2218t =

St S5 Soif 1990101 L= |ACE DE I UARY 2 XIEEHU\Vk 24
Ch= QI WS T 2 HE2 41 %0IM 59 %= S71R41 F A
ES

HZE2 30 %O0lIM 50 %2 S7IHCH (35 &=, 4 M, 731-744TH[0|Z]).

Glioblastoma 4IZAZAZZ

The results of a clinical Phase lll study (performed by Sneed, Stauffer.
McDermott, et.al. at the University of California, San Francisco, USA)
on 112 patients with glioblastoma multiforme was published in
1998 in the International Journal of Radiation Oncology, Biology.
Physics. The study showed a doubling of the 2-year survival rate
when combining hyperthermia and brachytherapy compared with
brachytherapy alone (refer to vol. 40, no. 2, pp. 287-295).
Glioblastoma multiformeE 7121 112 F2| SER[Of| CHE U &S 1] AF 41 (2
2| XL |0, MZ2EA|A T, Z42|ZEL|OF CHSHO| Sneed, Stauffer, McDermott,

et.al.0fl 2fsf 3= 2| A= 1998 A International Journal of Radia-
tion Oncology, 423, E2[5}. 0| 4= 18 2|2 2 2|22 Eal 2
FHIH| WS I 2 A MES0| FHI7FEICHE A8 E0 QU0 (40 H 2
$,287-295&&Z).

Soft tissue sarcoma HX2| §F
Promising results of a randomised Phase lll multicentre study dealing
with high-risk soft-tissue sarcoma (Management: Rolf Issels, University
Hospital GroBhadern, for the “European Organisation for Research and
Treatment of Cancer Soft Tissue and Bone Sarcoma Group (EORTC-
STBSG)” and for the “European Society for Hyperthermic Oncology
(ESHO)") and including 341 patients were already presented at the
ASCO meeting 2007. The patients were treated before and after sur-
gery with chemotherapy alone or with addition of regional hyperther-
mia, both followed by radiotherapy. The results were published online
in Lancet Oncology in April 2010. The results are clear and significant:
The overall response after induction therapy was more than twice as
high in the combined treatment group (plus hyperthermia) compared
with the only chemotherapy treated group (28,8% versus 12,7%). The
median duration of disease-free survival was prolonged for 14 months
in the hyperthermia treated group compared to the control group (32
versus 18 months). Patients with signs of early disease progression and
who received a consequent neo-adjuvant combination therapy with
hyperthermia showed significant advantages in overall survival.
12 AR S-S LR PAR U4 A T 2 S [st At
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Cervical cardnoma AtSZ45 Q4
Martine Franckena from the Erasmus Medical Center at the University
of Rotterdam published a study, which appeared in Int J Radiat Oncol
Biol Phys. 2008 Mar 15;(4), in which patients with cervical carcinoma
who were treated with or without hyperthermia were observed over a
period of twelve years. The study showed that only 20% of those who
had received radiation therapy alone survived; however, 37% of the
women who received hyperthermia combined with radiation therapy
were still alive. This highly significant result showed for the first time
that the advantage of hyperthermia was not limited to a short period
of time, but rather had long-term effectiveness.

2H2F CHet! (University of Rotterdam) Erasmus Medical Center2)
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Background

Dr. Zeljko Vujaskovic,
MD, PhD

“How to establish a thermal oncology program”

Professor of Radiation Oncology

Director of the Division of Translational Radiation Sciences,
University of Maryland School of Medicine

Dr. Vujaskovic is a 2016 Society of Thermal Medicine’s

J. Eugene Robinson Award recipient. As Director of the
Maryland Proton Alliance, one of his many research initia-
tives explores synergies between proton beam therapy and
hyperthermia. Dr. Vujaskovic lectures around the world on
the topic of thermal oncology.

Dr. Dario Rodrigues,
PhD

“Physics, planning, and execution of RF deep
thermal therapy”

Assistant Professor of Radiation Oncology

University of Maryland School of Medicine

Dr. Rodrigues is one of the few Thermal Oncology physi-
cists in the U.S. He specializes in focused heat generated
by radio waves (hyperthermia) which is a potent enhancer
of chemo- and radiotherapy. Dr. Rodrigues is also the
Councilor of Engineering/Physics of the Society for Ther-
mal Medicine.

Dr. Paul Stauffer,
MSEE, CEE

“Physics, planning, and execution of MW superficial
thermal therapy”

Professor
Thomas Jefferson University, Philadelphia PA

Dr. Mariana Guerrero,
PhD

“Physics, planning, and execution of MW interstitial
thermal therapy”

Clinical Associate Professor
University of Maryland School of Medicine

Dr. Jason Molitoris,
MD, PhD

“Practice guidelines for deep thermal therapy”

Assistant Professor of Radiation Oncology
University of Maryland School of Medicine

Dr. James Snider,
MD

“Practice guidelines for superficial thermal therapy”

Assistant Professor of Radiation Oncology
University of Maryland School of Medicine

Dr. John Hayes,
MD

“Practice guidelines for interstitial thermal therapy”

Associate Professor
Gamma West, Salt Lake City UT
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Date : May 23(Wed)-25(Fri), 2018
Venue : College of Medicine, The Catholic University of Korea

Symposium Speaker

In situ vaccination for tumor
immunotherapy: an old
approach relevant for today

Temperature dependent
mechanism of hyperthermia

Chang song Steven N, Fiering
(University of Minnesota, Republic (Geisel School of Medicine at
of Korea) Dartmouth, USA)
The Evolving Role of Recent achievements and future
Hyperthermia In Leading Edge aspects of regional hyperthermia
Oncologic Care in oncology
N (’ Mark Hurwitz 1 RolfIssels
[Thomas Jefferson University, USA) (Munchen University, Germany)
Program At a Glance

May 23(Wed)

611

16:00~17:00 ASHO Counsilor Meeting
May 24(Thur)
Room 1 (Auditorium)
08:30~08:45 Registration
08:45~09:00 Opening Remarks
Congress lecture 1_Clinic Chair : Kokura Satoshi
09:00~10:50 Mark Hurwitz

Rolf Issels

10:50~11:00 Coffee Break

Symposium 1 Chair : MA, Shenglin, Jang Hong Seok

Takayuki Ohguri

11:00~12:30 Zhang Shan-wen
Huilgol Nagraj G,
Choi Ihl Bong

12:30~13:30

General Session 1 Chair : Kang Young-Nam, Yoo Hwa-Seung

13:30~14:30

14:30~15:00 Coffee Break

Symposium 2 Chair : Huilgol Nagraj G., Akihisa Takahashi
Zhibing Wu
15:00~16:30 Shao Xunfan
Yoo Hwa-Seung
Kwan-Hwa Chi
Award Lecture Chair : Choi Ihl Bong
g 1 The ASHO Award
Lt The KSTM Award
The Young Investigator Award
Special Lecture
17:15~18:
5-1800 BSD, K-med, Adipolabs
18:00 l Congress Banquet
May 25(Fri)

Poster (Seminar Room)
Setting of Poster

Room 1 (Auditorium)

08:30~09:00

Congress lecture 2_Biology
Chair : Xiao, Shao-wen

09:00~10:50
Song Chang
Steven Fiering
10:50~11:30 | Poster
Symposium 3 -
Chair : Kwan-Hwa Chi, Harima Yoko Pustar Viewing
Akihisa Takahashi
11:30~13:00
Xiao Shao-wen
Choi Min Ju
Kanji Katayama
13:10~ Closing Remarks
17:45~18:30 Removal of Poster
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Randomized Trial
Wessalowski et al
Lancet Oncol,
2013
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Refrmdiatiun(reRT)+hyperrhermia(H T)
after surgery for recurrent breast
cancer: 70% 5-year local control.
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