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The Potential Effect of the Oral Self-care Program Combining Coconut Oil Pulling on
Mucositis of Patients with Cancer undergoing Chemotherapy: A Pilot Study
by  Am-on Suwanpiwat?, Wongchan Petpichetchian?, Khomapak Maneewat?
'Respiratory Care Unit, Songklanagarind Hospital, 2Faculty of Nursing Prince of Songkla
University, Thailand.

This pilot study utilizing a two-group pre-test and post-test design aimed to examine the
potential effect of the oral self-care program combining coconut oil pulling on mucositis of
patients with cancer undergoing chemotherapy. The participants consisted of 20 cancer patients
undergoing chemotherapy at the Oncology Center of a university hospital. The subjects
receiving a 5-FU regimen for treating cancer were sequentially assigned to either a control
group or an experimental group, 10 cases in each group. Subjects in the experimental group
were educated about oral self-care and were coached to use coconut oil pulling daily in the
morning the day after starting chemotherapy and continued for four days. Oil pulling or oil
swishing is a procedure, in which the patients rinsed their mouth with approximately 10-15 ml.
of ordinary sip, suck and pull the oil for 15 minutes, and then spited it out. The control group
received usual care. The patients were examined daily to determine if they had chemotherapy-
induced oral mucositis. Oral mucositis was assessed using the new scoring system of Sonis et al.
All participants were subjected to an oral examination. The dental and medical history and the
general health information were recorded. Our findings demonstated that the median mucositis
score of the experimental group was significantly lower than that of the control group. No
adverse effect related to the use of coconut oil pulling was reported. In this pilot study, patients
receiving coconut oil pulling significantly reduced the incidence and the severity of mucositis
induced by chemotherapy. Coconut oil pulling appears to promote wound healing by affecting
the intraoral perfusion. (Thai Cancer J 2013;33:41-52.)

Keywords: oral mucositis, oral care, cancer, chemotherapy, oil pulling, coconut oil
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Detection of Human Papillomavirus in Oral Cavity and Oropharynx Cancer and Its Correla-

tion with Clinicopathologic Variables

by Krittika Boonmark?!, Jarunya Ngamkham?, Thainsang Phansri!, Ekapob
Sangariyavanich?, Sukhon Sukvirach?, Somjin Chindavijak?
!Research Division, 20tolaryngology, National Cancer Institute, Ministry of Public Health,
Bangkok.

The oral cavity and oropharynx cancers occure in men more frequently than women and
are mainly caused by tobacco usage and alcohol consumption. Human papillomavirus (HPV) has
also been associated with oral cavity and oropharynx cancers, although its role in oral carcino-
genesis remains poorly defined. The purpose of this study was to investigate the prevalence with
genotypes of HPV and correlate it with clinicopathologic variables in 151 paraffin-embedded
tissue samples of oral cavity and oropharynx cancer obtained from the patients who were diag-
nosed at the National Cancer Institute between 1998 and 2004. All DNA samples were tested for
the housekeeping gene (B-globin) to verify the presence of amplifiable DNA. HPV presence was
evaluated by PCR-EIA using GP5+/bio-6+ primers. HPV DNA was detected in 24/151 (15.9%) out
of the specimens. In the HPV-positive tumor, HPV-16 dominated were 11/24 (45.8%) of cases,
followed by 2/24 (8.3%) samples were HPV-66, 2/24 (8.3%) samples for HPV-81, HPV-35 in 1/24
(4.2%) sample. Five (20.8%) of 24 samples were multiple HPV infected. Remaining 3/24 (12.5%)
samples were HR-HPV positive which could not be identified specific types by such an assay.
Moreover, HPV infection was mainly detected in cancer of buccal mucosa but not in cancers of
lip, floor of mouth, hard palate, and retromolar trigone (P=0.017). Further studies on epidemiol-
ogy of HPV in oral cavity and oropharynx cancer in population is necessary for cancer prevention
and control. (Thai Cancer J 2013;33:53-61.)

Keywords: oral cavity cancer, oropharynx cancer, human papillomavirus (HPV), paraffin-embed-
ded tissue
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AUIU (9191) 151 (100.0) 24 (15.9) 127 (84.1)
LWA 0.109
T 73 (48.3) 8 (11.0) 65 (89.0)
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n@:umq @ 0.332
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ETCRIL Y 0.017
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AANLNTINEN 0.069
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Moderately differentiated 38 (25.2) 9 (23.7) 9 (76.3)
Poorly differentiated 12 (7.9) 0 (0.0) 2 (100.0)
B 6 (10.6) 1(6.3) 15 (93.8)




nansanndalisadusuwunnilanlugienzSedesunuasdasne

11 HPV-positive
B HPV-negative

Ag&ANT Yeywn uazAne 59

HPV-types

JU7 1 uwasaANTNuATAIERLgIRINIIRaEe HPY inssanulunzifrestnuazasne

2
(=]
ER IR
s X - x>
nisAnwdidun1sAneid eanuly
dszmalne seyanisAnefaaiuGelidiiues
AINIENUATBNINLINIAAES HPV HAN
gnuANANIUAILRTasay 0-100" Tnaaaulugy
wunisdnunlusedszing dwiuludszmalneg
WL EPIEWA LN B991897UN19A999
wu HPV lunzifetesihniiies 1 918 (seaaz 1.54)
AINFBYNATIA 65 918 WANNIANHIUAINID
o Xy .
pIvanunsinmelaia HPV Tunziferesinuay
TRIABTNAANUIU 24 918 (FHAT 15.9) WAL
o o 4 o < 4
ANLRURTIATIANLNINTNGARD ANeWIg HPV-16 G4
¥ . = 4 43 ' Py
A9ARABNALNTANEIBU" WANLNNIENTUADIA
WuANERG HPV-18 1n7ign ™" emnsanniinglu
=2 X o T4 A =2 &
nsAnEil aveugaunassanulunisdnmiil
laun HPV-66 uaz HPV-81 WUAWIN 2 $18n1in

(39882 8.3) WATNL HPV-35 lufnag1dmngie 1 98

(3088Y 4.2) AAAAABIALNITANHIYRY Attner P

WATATUE'® NATIANLANERWY HPV- 35 [iuiReaii

TAENLAIUIL 2 918 ANNALRLNN A NALINYBY

a dy o = dy o
A3AALEE HPV a1 61 318 lunnsdnunilel

- X de o X

AIIANLNNTFALTE HPV NRN1IRALTATNEsNUas
2 @89G AU 5 918 (saEay 20.8) Teaaulugy
fnfndeliiaaneiig HPV-16 uaz HPV-33 993
pael AsdngINeg lungu multiple infection N9AN®A
989 Attner P wazAne'® a1unsnmsany HPV-33
AN UTuNIR AT e R UG ALY WaNaIN
HunnsAnildamsany HPY Naglunguidegs
wa lunsnuaeiiguLta A1WaU 3 918 (saeIaz 12.5)
wazlulaninisnsaniansuiiaaatelnaqniiy

aneiugTtialauaniuiieann specific HPV oligo-

al

nucleotide probe Mg el jiifn1g dwanaas
Wuaneiug lus
AINN1ITLATIEN AITNENH U FEUL N9

N9AALTE HPV AUAUMWN S guRinuanziss

BRIUNNATIATUAUINTENIWNHATIANLIN TR AT

al

HPV 1 n7iga (see1ay 29.2) Hdauesiunisdnm

A A a X !
AUNATRNLNNFALTE HPV Tulziiemasaanin




60  115a15lsAnziSe

nonlatann Ll wmenTauas lnnaeqau

LAZEILN LT WL A RSS2 NSR

e HPV AunsiAnlsausiiatsionmesiin®
uenanuAnizgise laBeuifiuaas

o o

PAUFILNINNTF AT HPV Autfadeniansns

pRTNaWY laun e a1g svezlsn wazNanig

ANLIBANYY WUINNTRAEE HPV luHAdIN

)

Vusuifadesenana Soares RC™ uay Sugi -

t(

yama M? wiansiaide HPV luipanudusise
AUWALAZRNE ualunnsAnenaes Zhang ZY
LATANLE” WLNTAREE HPV Tatianiy HPV16/
18 ’memwmrmq'%wmrﬁq waz i T897U
WUNIAATe HPV dusiusutTadenname uika
svavBuusn uaznsdiacu@nlnfuuy poorly
differentiated®
mﬂm@miﬁﬂmﬂfmﬂdﬂﬂfmm;ﬂmm
nsfaidalafa HPV finmanuAaulusesay 15.9
mﬂﬁuﬁ:ﬁmquumﬂﬁqmﬁfamﬂﬁuﬁj HPV-16
yana ML swLaNnsAnEe HPV a'quslmylwuslu
t;j"ij')iluzl,?\‘iﬂﬁ‘t‘vzl:\‘iLL;NLL@:ﬁﬂVLNIWUEINﬁ’]LL‘ML;Q
Sufltn fuhn e uas retromolar trigone
Lafilaannnsnmniaziulsslerupanisinld
A NHReL8ANIIAIUIZLNAANEN %qﬁmmzﬁ’ﬁﬁm
'ﬂ?;llWdNﬁﬂluﬂﬂiJ@ﬂﬁuLL@tﬂQUﬂuﬂ’]ﬁ‘LﬁmIiﬁ

yuifemastnuazaadna lulszainsnanalil

= =
neNIINUILNA
ATUZKAAEIDUDUAIANUUITUNEND
Fna1lun1s AU NI A URANIaNENT AN

N e
uaTARTULaNTITI NN 2euAd AUITe

U 33 aUUT 2 inw1gu-Hgu1gn 2556

150 Mg luauusihlunisatnndue seunns
< = o o ¥ K ¥
AN FIsede NlueAdineyaszulunisAL

nuifiautlsydfgilos

Lans15a198e

1. Khuhaprema T, Srivatanakul P, Sriplung H, Wiangnon
S, Sumitsawan Y, Attasara P. Cancer in Thailand,
Vol.lIV, 1998-2000, Bangkok, Thailand, 2007.

2. Khuhaprema T, Srivatanakul P, Attasara P, Sriplung
H, Wiangnon S, Sumitsawan Y. Cancer in Thailand,
Vol.V, 2001-2003, Bangkok, Thailand, 2010.

3. Khuhaprema T, Attasara P, Sriplung H, Wiangnon S,
Sumitsawan Y, Sangrajrang S. Cancer in Thailand,
Vol.VI, 2004-2006, Bangkok, Thailand, 2012.

4. Ferlay J, Shin HR, Bray F, Forman D, Mathers C,
Parkin DM. Estimates of worldwide burden of cancer
in 2008: GLOBOCAN 2008.
2010;127:2893-917.

Int J Cancer

5. Watts SL, Brewer EE, Fry TL. Human papillomavirus
DNA types in squamous cell carcinoma of the head
and neck. Oral Surg Oral Med Oral Pathol 1991;
71:701-7.

6. Shillitoe EJ, Greenspan D, Greenspan JS, Silverman
S Jr. Antibody to early and late antigens of herpes
simplex virus | in patients with oral cancer. Cancer
1984;54:266-73.

7. Sugiyama M, Bhawal UK, Dohmen T, Ono S,
Miyauchi M, Ishikawa T. Detection of human
papillomavirus-16 and HPV-18 DNA in normal, dys-
plastic, and malignant oral epithelium. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2003;95:594-
600.

8. Miller CS, White DK. Human papillomavirus expres-
sion in oral mucosa, premalignant conditions, and
squamous cell carcinoma: a retrospective review of
the literature. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 1996; 82:57-68.

9. Jacobs MV, van den Brule AJC, Snijders PJ,
Helmerhorst TUM, Meijer CJ, Walboomers JM. A non-
radioactive PCR enzyme-immunoassay enables a
rapid identification of HPV16 and 18 in cervical
scrapes after GP5+/6+ PCR. J Med Virol
1996;49:223-9.



& v o o ¥ s !
ﬂ’ﬁ[ﬁ]i?ﬂ'ﬂ']Lﬁa‘bﬁﬁﬁ’lLLN%LL‘WW‘WIﬂNﬂ%gﬂﬂm\lzﬁ\‘iﬂaﬂ‘ﬂﬂﬂLLﬂ‘éﬂ‘ﬁENﬂ?J

10.

1.

12.

13.

14.

15.

16.

Ritchie JM, Smith EM, Summersgill KF, Hoffman HT,
Wang D, Klussmann JP, et al. Human papillomavirus
infection as a prognostic factor in carcinomas of the
oral cavity and oropharynx. Int J Cancer
2003;104:336-44.

Brenman JA, Boyle JO, Koch WM, Goodman SN,
Hruban RH, Eby YJ, et al. Association between ciga-
rette smoking and mutation of the p53 gene in head
and neck squamous cell carcinoma. N Engl J Med
1995;332:712-7.

Begum S, Gillison ML, Nicol TL, Westra WH. Detec-
tion of human papillomavirus-16 in fine-needle aspi-
rates to determine tumor origin in patients with meta-
static squamous cell carcinoma of the head and neck.
Clin Cancer Res 2007;13:1186-91.

Simonato LE, Garcia JF, Sundefeld ML, Mattar NJ,
Veronese LA, Miyahara Gl. Detection of HPV in mouth
floor squamous cell carcinoma and its correlation
with clinicopathologic variables, risk factors and sur-
vival. J Oral Pathol Med 2008;37:593-8.

Dayyani F, Etzel CJ, Liu M, Ho CH, Lippman SM,
Tsao AS. Meta-analysis of the impact of human
papillomavirus (HPV) on cancer risk and overall sur-
vival in head and neck squamous cell carcinomas
(HNSCC). Head Neck Oncol 2010;2:15.
Khovidhunkit SO, Buajeeb W, Sanguansin S,
Poomsawat S, Weerapradist W. Detection of human
papillomavirus in oral squamous cell carcinoma, leu-
koplakia and lichen planus in Thai patients. Asian
Pac J Cancer Prev 2008;9:771-5.

Soares RC, Oliveira MC, Souza LB, Costa AL,
Medeiros SR, Pinto LP. Human papillomavirus in oral
squamous cells carcinoma in a population of 75 Bra-
zilian patients. Am J Otolaryngol 2007:28:397-400.

20.

21.

22.

23.

24.

nganT yayxin uazams 61

. Shima K, Kobayashi I, Saito |, Kiyoshima T, Matsuo

K, Ozeki S, et al. Incidence of human papillomavirus
16 and 18 infection and p53 mutation in patients with
oral squamous cell carcinoma in Japan. Br J Oral
maxillofac Surg 2000; 38:445-50.

. Giovannelli L, Campisi G, Lama A, Giambalvo O,

Osborn J, Margiotta V, et al. Human papillomavirus
DNA in oral mucosal lesions. J Infect Dis 2002;
185:833-6.

. Attner P, Du J, Nasman A, Hammarstedt L, Ramqvist

T, Lindholm J, et al. The role of human papillomavirus
in the increased incidence of base of tongue can-
cer. Int J Cancer 2010;126:2879-84.

Smith EM, Ritchie JM, Summersgill KF, Klussmann
JP, Lee JH, Wang D, et al. Age sexual behavior and
human papillomavirus infection in oral cavity and
oropharynx cancers. Int J Cancer 2004;108:
766-72.

Huang SF, Li HF, Liao CT, Wang HM, Chen IH,
Chang JT, et al. Association of HPV infections with
second primary tumors in early-staged oral cavity
cancer. Oral Dis 2012;18:809-15.

Sugiyama M, Bhawal UK, Kawamura M, Ishioka Y,
Shigeishi H, Higashikawa K, et al. Human
papillomavirus-16 in oral squamous cell carcinoma:
clinical correlates and 5-year survival. Br J Oral
Maxillofac Surg 2007;45:116-22.

Zhang ZY, Sdek P, Cao J, Chen WT. Human
papillomavirus type 16 and 18 DNA in oral squa-
mous cell carcinoma and normal mucosa. Int J Oral
Maxillofac Surg 2004;33:71-4.

Lingen MW, Xiao W, Schmitt A, Jiang B, Pickard R,

Kreinbrink P, et al. Low etiologic fraction for high-risk

human papillomavirus in oral cavity squamous cell
carcinomas. Oral Oncol 2013;49:1-8.




THAI CANCER JOURNAL

(3
5HEISLSANZLSS b

d9 33 adun 2

vgu-Haueu 2556 AR

assMRNNATUSIMsIsEU e TaaNSs

Tunaasnaaag

o a° a
NAUE L‘WNI‘VIEI

o tnn Qs c
qmmu IRIITHU

AAUSESAT NAIUNAS
asLAn 1599UsEY

wzSasuulsauzSainuyes LL@WLﬂuﬁmmmqmmimmwmﬂmmmﬂiwmﬂim aqtiuiinsdnm
mmumﬂwmwLmamuﬂmumumwfnﬂﬂu mesenchymal stem cell, MSC) mmmﬂummimmmu‘ﬂmm
aauziludRInaaedle mtlmaummmwmaamummmmnmmw (Human amniotic fluid stem cell, AAFSC)
Faiu MSC alaniinasinnaniidudnissioiulnesaanzalamuiy nsfnmiaingusyasn
Lﬁlﬂﬁnm@mmﬁﬁmm hAFSC slumiﬁugqmm?fy@uimmLﬁnmru:l,?qﬁu (HepG2 cell line) denlides
souAuluMaRANAABILNL 24 Falie MsAnEnuLseenTy 2 &9u Ae &9uft 1 WunnsAnsnsasula
NN TNIRTAS HepG2 TLaENanil hAFSC lugmsgau 1:1 (HepG2 3000 L1aA - hAFSC 3000 L1aa)
Uz 1:3 (HepG2 3000 AR : RAFSC 9000 1ag) & 5dawi 2 WiunnsnsmageuniailAsuu s Bunameman
HepG?2 ﬁLgméquﬁu hAFSC TUfmsndan 101 1A 1:3 [IuAY HAT89NITANEINLANENNTI A s aanng
mﬂmwmmmm HepG2 Imﬂlfnmuyl,mmmmifmnu hAFSC luamalalatidluneunanmiieusu mmumﬂunau
mwmwwfnm HepG2 \iNetfimiAen LL[?‘IN'NHHELL ni:mﬂmmﬂummﬂmumm (monolayer) mewum
MsAsuuLamnsnnEn naeTas HepG2 i umﬂmummmqummm@@ hAFSC Tlifisduang wenannii
ilansagertBunnemasuzie HepG2 WEININZLAENIINTL hAFSC Wuamaansiiai Funnanas
LAYNNTANAIHAINT WD 1LTas hAFSC inauaNmAe HaaINNsANELE BamELaaslsian hAFSC
mmmﬁué\amﬂfﬁmLﬁuimmtfﬁm@:@ﬁu*ﬁﬁm HepG2 Tunaaannaadle (117817 13ANZIT 2556;33:62-69.)
ANANATY: aamuifinanmined, maamuinifiastisdioylesl, maauziSedy

weAdauarRWEaARUNLEAY N1AITNGRANENT-UTINTANGT AMUZUNTNEANARTAIINTIN LG NINANENRENTANS
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Human Amniotic Fluid Stem Cell Inhibits Liver Cancer Cell Growth in in vitro
by  Tatsanee Phermtha, Suparat Wichitwiengrat, Sasiprapa Tongbopit,

Athisek Reaugpracha

Stem Cell Research and Development Unit, Department of Obstetrics and Gynecology,

Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok.
Abstract Liver cancer is a common malignant disease and is a very important public health problem
in Thailand. Recently, several researchers have reported that mesenchymal stemcells (MSC)
can inhibit cancer cell growth in experimental animals. Hence, humanamniotic fluid stem
cell (hAFSC), a kind of MSC, may show a property to inhibit cancer cell growth too. The objec-
tive of this study was to investigate the effects of hAFSC on liver cancer cell line (HepG2) when
these two cells were co-cultured for 24 hours. This study was divided into 2 parts. The first part
aimed to study the morphological appearances of HepG2 cell co-cultured with hAFSC at ratios
1:1 (HepG2 3000 cells : hAFSC 3000 cells) and 1:3 (HepG2 3000 cells : hAFSC 9000 cells), while
the second part focused on the changes in HepG2 cell number after co-culturing with hAFSC at
ratios 1:1 and 1:3. The results showed that morphological appearances of HepG2 cell were
changed after co-culturing with hAFSC by losing its round shape colony forming ability as
compared to the controls (HepG2 cell alone). The forming colony of HepG2 cell in the co-
culturing group dispersed and laid in monolayer pattern. In addition, morphological appear-
ances of HepG2 cell were increased as the increasing number of hAFSC. Moreover, the HepG2
cell number after co-culturing with hAFSC was decreased when the hAFSC cell number was
increased. The results of our preliminary study suggest that hAFSC has the ability to ihibit liver
cancer cell growth. (Thai Cancer J 2013;33:62-69.)
Keywords: amniotic fluid stem cell, mesenchymal stem cell, liver cancer cell
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Abstract Hyperthermia is a method of cancer treatment that involves applying heat to a tumor site.
When combined with traditional treatments, for example, chemotherapy and radiotherapy,
hyperthermia has potentials to accelerate synergic reactions resulting in better responses to
drugs and anticancer agents. The major hyperthermia methods include local, regional, and
whole body. The appropriate use of hyperthermia treatment depends on sizes, histological,
types, and stages of tumor. This review is aimed to provide fundamental principles and
applications of hyperthermia as a promising alternative treatment which can be integrated to
conventional cancer treatments. (Thai Cancer J 2013;33:70-77.)
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Introduction

Hyperthermia refers to a treatment in
which tumor sites are exposed to raising tempera-
ture ranging from 40-44°C for an adequate
period of time, normally an hour per treatment'”
Hyperthermia can be administrated on tumor
regions as a single method but it is more frequently
used in combinations with other treatments, for
example, chemotherapy and radiotherapy, to
enhance effectiveness and cytotoxicity against

cancer cells**®

. The basic principle of hyperther-
mia emphasizes on tumor cell's vulnerability to
cellular damages caused by heat due to their
distinguished characteristics in oxygen depriva-
tion (hypoxia) and low pH level”. At higher

temperatures, cells react differently to chemical

signals and drugs from the normal conditions

observed at 37°C. Moreover, an increasing tem-
perature alters physiological mechanisms of
increasing blood flow and metabolic rates’. In
the past three decades, hyperthermia has been

used in preclinical and clinical studies for tumors

11,12 ’\517

of breast""?, head and neck™, brain', cervix

rectum'®, esophagus'®'®, and bladder'®*.
Biological and Physiological Re-
sponses to Hyperthermia

Solid tumors require blood vessels for
growth and the vasculature of tumor which
randomly expands in an extremely unorganized
pattern. The disordered blood vessels can lead to
regional hypoxia and low pH, in which, under such

microenvironmental factors, cells are more sensi-

21-22

tive to heat exposure than normal conditions
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Hypoxia often occurs in proliferative tumors and
hypoxia within tumor is highly associated with
tumor progression as well as metastasis®™®.
Under low oxygen level, hypoxia-inducible factor
1 (HIF-1) activates transcription of several genes
leading to HIF-1o< overexpression which plays a
crucial role to promote angiogenesis and irregu-
lar glucose metabolism™. Hypoxia tumor cells
respond negatively to radiotherapy due to
ionizing radiation insensitivity and, consequently,
it results in poor prognosis in some patients26.
However, hypothermia overcomes this problem
by inducing tumor reoxygenation at temperatures

lower than 43°C?. Furthermore, the networks of

unorganized vessels as well as disordered cell

A. Normal tissues

Figure 1:

I
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alignments of primary malignant become the
inevitable targets for hyperthermia treatment
because the heat flows are trapped in tumors
causing heat-induced cell death®® (Figure 1).
Protein denaturation from the thermal effect results
in permanent irreversible damages in cells and
tissues observed both in vitro and in vivo™. Healthy
tissues usually withstand at 44°C for an approxi-
mate one hour without any biological damage,
although nervous tissues seem to be more sensi-
tive to hyperthermia®. In term of thermodynamics,
drugs whose rate-limiting step is strictly commit-
ted to chemicals, especially, when enzyme's
involvement seems relatively insignificant, appear

to be more efficient at higher temperatures®.

B. Cancer tissues

In normal tissues (A), blood vessels dilate when heated. On the other hand, heat is trapped

in unorganized vessels and disordered cell alignments of cancer tissues (B) causing

direct damages to malignant cells. The reaction also induces synergic effects when
radiotherapy or chemotherapy is applied.



Hyperthermia for Cancer Treatment

Table 1

Orapin Kongtragulchone, et al 73

Hyperthermia methods and clinical applications®

Hyperthermia method Type of tumor

Site of tumor

Local hyperthermia Superficial
Intracavital
Intraluminal
Intracranial

Regional hyperthermia Deep seated

Locally advanced

Whole-body hyperthermia Disseminated

Metastatic

Head and neck, breast, rectum,
esophagus, malignant gliomas,

soft tissue sarcomas

Cervix, rectum, bladder, prostate,
soft tissue sarcomas, ovary,
mesothelioma, peritoneal
carcinomatosis

Malignant melanoma, ovary,

recurrent soft tissue sarcomas

Hyperthermia Cancer Treatment
The three approaches of hyperthermia
for recent clinical studies include local, regional,
and whole body hyperthermia. The main sources
for heat energy are generated from microwaves,
radiofrequency, ultrasound, hot water perfusion,
and nanoparticles. The appropriate methods and

energy sources depend on sizes, types, and

stages of tumor®' as shown in Table 1.

Figure 2 Interstitial hyperthermia in a treatment
of right breast cancer in which five
hyperthermia applicators and two
thermometers are inserted”'.

Local Hyperthermia

In local hyperthermia, heat is applied to
a small tumor or surface of superficial tumor. The
treatment is usually performed in a case of
primary malignant tumor with no metastasis.
Local hyperthermia can be used to treat small
tumors with a penetration depth of 1-3 cm and a
diameter of 5-6 cm®. Occasionally, hyperthermia
applicators may be implanted to a tumor site when

anesthesia is required®' (Figure 2).

Regional Hyperthermia

Regional hyperthermia refers to applying
heat to larger parts of the body, especially in deeply
seated tumors. It is suitable for treating advanced
tumors situated in the major and minor pelvis,

abdomen, or thighs®'.
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Whole Body Hyperthermia

Whole body hyperthermia is used in
metastatic cancer treatment. Several techniques
can be applied to achieve the required tempera-
tures including thermal chamber, heated water
blanket, water perfusion, and extracorporeal

perfusion®*.

Combination of Hyperthermia with
Other Cancer Treatments
Hyperthermia and Chemotherapy

Hyperthermia can enhance the effect of
chemotherapy by its ability to induce the reversal
of drug resistance yet the mechanisms are not fully
understood. When combined with hyperthermia,
anticancer agents such as cisplatin®, melphalan®,
nitrosoureas®®, and doxorubicin® shows lower
drug resistance, although it is not always observed
in the obvious target. However, there are some
classes of drugs for which there has been no de-
monstrated synergistic interaction with hyperther-
mia including etoposide and vinca alkaloids®.
Recently, it has been reported hyperthermia can
induce a short-term effect through a synergistic
dynamic with paclitaxel---a mitotic inhibitor for the
treatment of lung, ovarian, breast, and head and
neck cancers---in which paclitaxel-induced cell
cycle arrest in the G2/M phase is enhanced by

heat energy™.

Volume 33 No. 2 April-June 2013

Hyperthermia and Radiotherapy

Hyperthermia's abilities to affect cells in
S phase, inhibit sub-lethal damage repair, and
improve oxygenation play a critical role to maxi-
mize synergic effects during radiotherapy'"*.
Hyperthermia also increases blood flow leading
to higher oxygenation of the tissue, which results
in higher radio-sensitivity”. Preclinical studies
suggest that hyperthermic radiosensitization
depends on temperature achieved during the
treatment, duration of heating, time interval
between heat and radiation, and treatment
sequence‘”. When the single radiation doses of
2-4 Gy are applied, a synergistic effect from
hyperthermia is shown in thermotolerant cells.
However, the extent of hyperemia effect depends
on cell types and degrees of tolerance'". In a ran-
domized trial of 358 patients with rectal, cervical,
or bladder cancer who underwent radiotherapy
in the presence (n=182) and absence (n=176) of
hyperthermia, it has been found that cervical
cancer demonstrates the best response rate with
83% for radiotherapy plus hyperthermia and 57 %

for radiotherapy only'® (Figure 3).

Hyperthermia and Nanotechnology
Magnetic nanoparticles have gained
more attention in the recent cancer research

because their heat generating potentials can
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Figure 3
absence of hyperthermia'.

provide the opportunity of direct tumor targeting
through blood circulation®”. Hyperthermia can be
applied to augment nanoparticle delivery by
increasing tumor blood flow and tumor microvas-
cular pore size®. In local hyperthermia, the cur-
rent method of delivering magnetic nanoparticles
depend on direct injection of milligram amounts
of magnetic nanoparticles into the tumor site***.
Among other novel techniques, two approaches
in biomedical applications of magnetic nanopar-
ticles have drawn considerable attention includ-
ing magnetic nanoparticle hyperthermia for
cancer therapy in localized tumors™® and super
paramagnetic iron oxide (SPIO) contrast agents

in MRI* (Figure 4).

Overall survival by tumor site of patients who received radiotherapy in the presence and

Figure 4  Applications of magnetic nanopar-

ticles and hyperthermia®,

Conclusion
While a number of studies demonstrate
11-20

reduction of tumor sites by hyperthermia ™,

others show no significant result”®. The mixed
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results are likely caused by a lack of experimental
standardization and method validation. To solve
this problem, more clinical studies are needed to
provide a platform for new development.
Nonetheless, hyperthermia should be available as
an alternative and/or complementary treatment to
the conventional ones. In addition, advantages in
nanotechnology prove to be beneficial to the
future of hyperthermia as they offer an opportunity
to create multifunctionality with potential to diag-

nose and treat a number of cancers.
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