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Efficacy of improvement Procurement management in targeted therapy National
Cancer Institute of Thailand October 2016 - June 2019
by Waranya Krongkaew

Pharmacy Department, National Cancer Institute, Thailand

Abstract The targeted therapy is the highest cost group of drug purchasing 22.92% (29.49
MBaht) from use Activity Based Costing (ABC) analysis with drug procurement data in 2017.
The objective of this research was to compare the change in Key Performance Indicators
(KPIs) of drug procurement and inventory management after the policy has been applied.
This is the Descriptive study designed using purchasing drug data at the National Cancer
Institute of Thailand during 2017-2019. One Way ANOVA was used to describe the efficacy
after the policies have been applied. After the policies have been applied in the fiscal
year 2018-2019 overall cost remaining of targeted therapy, purchasing/dispensing cost, and
inventory ratio have decreased significantly from the baseline year 2017. The policies have
been applied to the procurement of targeted therapy groups and the announcement of
drug reference prices from the National Drug System Development committee. The cost
of drug purchasing from Pharmaceutical companies was decreased over the fiscal year
2017-2019. In addition, the development of drug inventory in the hospital should be
implemented for other high purchasing groups such as chemotherapy or Non-essential
hepatitis groups. Furthermore, the drug selection policy should consider the extended
expiration date. This policy will save the hospital’s budget and staff for solving this
problem. (Thai Cancer J 2022;42:1-9)

Keywords: inventory management, efficacy, targeted therapy
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Sum of Squares df Mean Square F Sig.
Between Groups 37916483392.894 2 18958241696.447 110972 <.001
Within Groups 5466821247.848 32 170838163.995
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Sum of Squares df Mean Square F Sig.

Between Groups
Within Groups
Total

1706031066693.029 2
93896411746.970 32
1799927478439.999 34

853015533346.515
2934262867.093

290.709 <.001
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Sum of Squares df Mean Square F Sig.
Between Groups 1315110982504.166 2 657555491252.083 285.449 <.001
Within Groups 73714737280.576 32 2303585540.018

Total

1388825719784.742 34
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Total 1.253 34
NANISANEN

HANTITIATIENAMUWUTUTINAINATTIN A1 sig. doendn 0.1 ajuladiyadiasadanlaisinag

wisulmiannisdeld yad1@esnguyad yarin1siteenguyady dnsinisdrsesenade ves

°o aa

Ysuuszanad 2561 2562 wazl 2563 unnensoesiltiediAynisana

a 4

99138
VRRINNTRNRUITEUUUTMIEAsienguyadl nudyadiasedenlaiinisedeulniainnis
v & o ! ] o o ° = B oA
19 yad1@esinguyadn yad1nsItvengusadn dnsinisdrseseiade ananinl 2560 el

HedAgneadd aweiduldldonaiiewnan navesnsiaudszavsninnsuimsavdasienagy

' fa ¥

yadh Alinswnanudlunsdrsennie smueegiveudsiunmddlilansiu vliunndivoya

44 a o g v A 1 ¢l v va
grnandelulsimeruiauszneunsussiiunsadldewngiay mnsemslaldiiunndiianudanislyn
anunsaudavihnisuandsuduuigmenddmune vilrlddemueetgagyilviifianisgedeyadilag
Wauselewd N139enUsenARNEnITINSHAILITEUUEWIYF TosivunsiaIna1een Nieenin Ty
a1anduil 20 unsIAY WA, 2563) MlisiA1enlsame1uIaTeINUTENENanas dealuninsiuyinli

ulszanalunmsdnteensiumnnauen uazsuuszanallunisingeengusadiana

Y a

Yaoa ¢ L Ay aa a ) ' aa a a p=
ﬂ']{LSU'Jﬁ'JLﬂS']g‘Vi ABC analy5|s HUBNAB ﬂ']llﬂ"lﬁ‘Uﬁ‘Vnﬁﬂﬂfﬁﬁﬂaqllﬁl'] A NUUTLENTA N lliafﬁa

ylssmsnayuiouresiudaseddliity flomasuvssanallumuieudosndududiulduiniy
win1sl93FAmsz9 enviliAneailumsusmsdanislasanarilianaudfyvesnsusmsdans
gnguduilalldongy A ¢

GELY

TunsiindseanSnnnisuinisnedue lneysluiauneinguiiiyarnisindeuwaznislvas

a

1 J 1 I ! ~ A a a a [ ! [
iy gnguiat Wudrundangglunmsiudsgansamnisusmsnsdaueiiulsmenuia egndlsinig

anaglilausednSamiadumsvinluginguauniyacgs uenwiloanengusadime iy nauen
a o W v A [ ! ada =) ! ¥ v v v [ £ = 4 ' a
wiundauentglenvanuianndsiangisendueinulifasudniau [Wudu iielinseungunguend

12 1%

Tdaudszanagangslunisinderaun uenantunsiuteuluresusengnasiasadilsmeua
AsinsanusEnieexliuandsuliuetaneeniiurzylianyanlunisgaydeainevunengliunn

X i % a v & o a1 A v g v A v v A
VU I@EJ‘VlIiQ‘WEJ']‘U']alllm@ﬂLa8@]”‘1/!141‘”ﬂ73Lﬂ‘Uiﬂ‘l‘fﬂ8']‘1/]11]1]ﬂ'ﬁLﬂa@uvlfwj{'ﬂ']ﬂﬂ'ﬁaﬂim%azL‘WllLﬁ]']VT‘L!'TV]lI']

UImsianislusesil wenantunisaiessuuiukanidsuenquindyadgeuazdsldianesnesening

q



9 115@1slsAuLLSa U7 42 aUUN 1 UNSIAN-LUWIEY 2565

Tsanguafildenvszinndeaiu Wudnnunsiszanyarnisgadeaneiliinisndeulniviedsld

wimsiENsAnuluseasiduanisuanifsueseniilsmenua ldlvidaudaiussidevianse

LONE1T919D4

1. %0 81378158 115 12159 The Thai @ncer.[Buinesiin] 2559 1idadle15 na1au 2563%;1:1.
wWgalaan: http://www.thethaicancer.com/Webdocument/People_article/People Article
_006.html.

2. Cancer.org [Internet].New York: American Cancer Society Online Resources; c2019-01 [update
2021 Jan 1}; [cited 2021 Nov 12]. Available from: https://www.cancer.org/treatment/
treatments-and-side-effects/treatment-types/targeted-therapy/what-is.html.

3. Chitapong Vatayota, Nusaraporn Kessomboon. Development of Indicators for Evaluating Drug
Procurement and Drug Inventory Management in A Provincial Level of NE, Thailand. Isan J
Pharm Sci;15:69-81.

4. 3y NoefysAuAT.NIANYINTIANGNIIBNTEluNFYSU Tsaneuiarsuasunslaglyd ABC-VED
Matrix.315ensaananUszavineaans nangiueenideanie [Bumesiinl.2562 [ihdade 15
WOAIN18Y 2564];15(4):46-55. LU 89161910 :https://neurosci.kku.ac.th/wp-content/uploads
/2020/12/05-Criginal-9%E0%B8%AT7%E0%B8% BA%E0%B8%8A%E0%B8%B19%E0%B8%A2-1.pdf.

5. WINT FALINNeA. N13ANWIUTEANTAIMNITUSMITNYAUI nfRULNFUnTTH TTIMEIUIaITYNTe
Uszring. Msanslsmeuiaasyniausesnsng 2557;7:1-14.

6. Huniuda 79qv,89419A wauan.Development of Efficient Medicine Inventory Management of
the Health Promoting HospitalUthai DistrictPhranakorn Sri Ayutthaay Province. 3115&@15 dan.
IY1N1T 2560;47:109-22.

7. 50405 JUNTHLNTRAUITEUUNTIANTHAAAIASS Lsaneuna1e Jsmialiedlyid ansansisamenuia
UASTAA 2563;11:102-11.

8. UTMAT LWYEINIYaY, ARee saautR. N15UsEENAEN1TILATIER ABC-VED Tun1susnisnasen
WALLIT N [éumaaﬁﬁm].ﬂgqmw:ﬂmuﬂé’ﬁzjmam% WIS LEeD; 2561[nduile 18 a.p.
2563].191819lA31n https://www.researchgate.net/publication/343787616 Karprayuktchikarwik
heraah _ ABC-VED.

9. Fitriana |, Satria RGD, Setiawan DCB. Medicine inventory management by ABC-VED analysis in
the pharmacy store of veterinary hospital, Yogyakarta, Indonesia. Asian J Anim Vet Adv Vet Adv

2018;13:85-9.



AnsEslspnziEy

Y
THAI CANCER JOURNAL “j
YN 42 adun 1 HCl

VNFIAY - LWIYY 2565

= v o/ =\ dgl v a =Y
AMsANEIgauUnaIN1sAnLalasauuLnwN2lann Tudsenalne:

ﬂ’]iVIU‘VI’JuGEi’NL‘?]u‘RUU

= o ¢ A
bNYULLET WUDAQ

UnAnge nsfAnu il ingussasdiiefnwianugnuaraieiugvedtiolaSadnuuwnniialaunly

wadniauladefinuamnuinuninounsSuasusidussnnslnefdrfunmsnmadnulu
anune1ua lsmeua vielssmeruianmninendeniglulssmafiinsAfinsieunivnig
szuveaulall Al 2532-2563 S1urudiedu 64,323 918 nuAugnveute HPV Tu
Uszwnsine Sesay 40.47 Insnunisinide HPV luwaduanuagn Uinvesnaonuartes
Aaan S9l LWuY ASUeardne NINTUYN LareIAYIe Se8ay 44.79, 46.54, 27.44, 3.57,
8.89, 50.99 way 84.09 nudy Tnsaeiusuedlada HPY Ainuunniigalunisdnuiilie
HPV16 s03a3u1A® HPV18, HPV52, HPV58, HPV31 wag HPV39 Lﬁ'aammumiam%a HPV
Hounds 3 929 tvay 10 T wudn Tud w.e.2552-2561 wuaugnveanIsinide HPV Tuiwad
Unungn Undesnaenuazdesnasn $ald Wuy Asweuazaine nmtnuazesnyn Sogas
31.22 uay HPVI6 Lﬂuaﬂsﬁ'uiﬁwuuﬂﬂﬁq@ 5998911A8 HPV18, HPV52, HPV5S,
HPV51 wag HPV72 U w.A.2542-2551 WUﬂﬁﬁﬂL%@ HPV §a8ag 56.35 wazwu HPV16 u1n
fian s03asnAa HPVLS, HPV52, HPV31, HPV72, HPV58 @t w.A. 2532-2541 wunshnidio
HPV $vay 40.77 uagnyu HPV16 unflan Sedasunde HPV1S, HPV33, HPV31, HPV39, HPV
35 wana NG Sanudn HPV52 uay HPV58 (u 2 anewusiinumniululnedaus® w.e.2542-
2561 aviiu Marusmgudeyanmsiaide HPY Toradulsslesilunsiniudugudoya

o w A o U v ¢

o w A & a & ‘:4'
LLa%ﬁqﬂquﬂuqu@%aLWEJLTJULLU'JV]'NIUﬂqiu'Tlﬂ“UUVINﬂ']']llf\]']LW']gﬂUﬁ’]UWUﬁLGUEJ HPV V]WUI‘L!

]

UszwmafinanauidsslunisiialsauziSanianuduiusiunisiaie HPV Tulssuinsinely

QUNAR (275a7515ANLSY 2565:42:10-29)

o o w

Adfty: Baunuwnmiialannlisa HPV eugnvesdediuuuwnmiialasnlda Ussindlny

nauWITe anevenkazaluaLEITING a0 1tuNZ SR

o

U

FsuunAu 26/10/2564, Suiluily 29/03/2565, Tufineusuunainy 30/03/2565

10



AsAENTRUNSINSAATD I SaB LU UL lau luUszmealne WiEUWES WUSAS wazauy 11

Retrospective study of human papilloma virus infection in Thailand:

A Systematic Review
by  Thainsang Phansri’, Krittika Boonmark? Jarunya Ngamkham!
!Basic Research and Innovation Section, “Technology Assessment Section,
National Cancer Institute, Thailand

Abstract This study aimed to estimate the prevalence and Human papillomavirus (HPV)
genotypes detected in pre-cancerous and cancer cells/tissues in the Thai population
undergoing treatment at clinics, hospitals, or university hospitals in Thailand. From
1989-to 2020, with 64,323 cases, the prevalence of HPV in the Thai population is
40.47%. Percent of HPV in the cells/tissues of the cervix, vulva and vaginal, ovaries,
breast, head and neck, Anal, and penis about 44.79, 46.54, 27.44, 3.57, 8.89, 50.99 and
84.09, respectively.The most common HPV types in Thailand were HPV16, followed
by HPV18, HPV52, HPV58, HPV31l, and HPV39, respectively. A retrospective study
following HPV infection in the three periods every ten years during 1989-2018; In 2009-
2018; the prevalence of HPV infection in Cell/Tissues of Cervical, Vulva &Vagina, Ovary,
Breast, Head and Neck, Anus, and Penile was 31.22 %. The most common genotypes
were HPV16, HPV18, HPV52, HPV58, HPV51, and HPV72. From 1999 to 2008, the
prevalence of HPV infection was 56.35 %, and the most common genotypes were
HPV16, followed by HPV18, HPV52, HPV31, HPV72, and HPV58, respectively. From
1989 to 1998, the prevalence of HPV infection was 40.77%, and the most common
genotypes were HPV16, followed by HPV18, HPV33, HPV31, HPV39 and HPV35,
respectively. However, HPV52 and HPV58 were found to have a higher prevalence of
HPV from 1999 to 2018. However, a database can be used to vaccine guidelines in the
country and reduce the risk of cancer-related HPV infection in the Thai population.
(Thai Cancer J 2022:42:10-29)

Keyword: human papillomavirus, HPV, prevalence of HPV, Thailand
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Record identified through Additional records identified

database searching (n=27,208) through other searching (n=34)

| |
v

Records after duplicates removed

Identification

(n=27,242)

Record excluded (n=27,127)

Screening

Full-text articles assessed for eligibility

(n=115)

Full-text articles excluded with reasons
(n=44)

-20 Not detect HPV genotypes

-22 Detected HPV with HIV injection

Eligibility

-2 Have previous treatment with RT/CMT

A 4

Studies included in

qualitative synthesis

(n=71)

!

Studies included in quantitative

Included

synthesis (meta-analysis)

(n=71)

3‘1]171 PRISMA flow diagram for the section of included studied
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No Study Design Sites Age Region HPV type Quality
(yrs) rating
1 Sangpichai 2019" CS  Cervical - Khonkaen HR-HPV 6
2 ltarat 2019" RS Cervical 19255  Khonkaen HR-HPV 8
3 Dankai 2019" RS Cervical 25-60  Chiangmai HR&LR-HPV 8
5  Ngamkham 2017% cs Breast 18-89  Bangkok HR-HPV 8
6  Phoolcharoen 2017' CS  Cervical 20-70  Pathumthani HR&LR-HPV 8
7 Pongsapich 2017" S Hypo & Larynx ~ 34-89  Bangkok LR-HPV 6
8  Sangrajrang 2017'° CS  Cervical 30-60  Ubonratchathani  HR-HPV 7
9 Khunamompong2016" CS  Cervical 458+8.1  Chiangmai HR&LR-HPV 8
10 Khunamompong2016°° cs Cervical >25 Chiangmai HR&LR-HPV 8
11 Marks 20157 CH  Cervical 20-37  Chiangmai/Khonkaen/  HR_Hpy 9
Bangkok / Songkla
12 Kantathavorn 2015% CH  Cervical 20-70  Bangkok HR&LR-HPV 8
13 Leaungwutiwong 20157 cs Cervical 21-40  Bangkok HR&LR-HPV 8
14 Arirachakaran 2013 cS  Oral 19-78  Bangkok HR-HPV 6
15 Sukvirach 1994% CS  Cervical 25-75  Bangkok HR-HPV 7
16  Lertworapreecha 1998 CcC Cervical - Bangkok HR&LR-HPV 6
17 Chichareon 1998 CC  Cervical 50.3  Songkla HR&LR-HPV 8
18  Ekalaksananan 2001 CS  Cervical >30 Khonkaen HR&LR-HPV 8
19 Thomas 2001% CC  Cervical 30-50  Bangkok HR-HPV 7
20 Sukvirach 2003 CS  Cervical 25265  Lampang / HR&LR-HPV 10
Songkla
21 Settheetham-Ishida CcC Cervical 25-60 Khonkaen HR-HPV 6
200431
22 Chandeying 2006* CS  Cervical 15-47  Songkla HR-HPV 6
23 Tungsinmunkong 2006 cs Cervical 24-80  Songkla HR-HPV 6
24 Sriamporn 2006 CC  Cervical - Khonkaen HR-HPV 7
25  Senba 2006 « Penile 25-76  Chiangmai HR&LR-HPV 6
26 Lertworapreecha 1997°° CS Cervical - Bangkok HR&LR-HPV 6
27 Siriaunkgul 2008* CS  Cervical 27-69  Chiangmai HR-HPV 6
28  Siriaunkgul 2011°® RS Uterine cervix 25-74 Chiangmai HR-HPV 7
29 Siriaunkgul 2011* RS Cervical 25-74  Chiangmai HR-HPV 7
30 Siriaunkgul 2013% CS  Cervical 25-69  Chiangmai HR-HPV 8
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No Study Design Sites Age Region HPV type Quality
(yrs) rating
31 Siriaunkgul 2014 ! CS  Vulva 31-82 Chiangmai HR-HPV 8
32 Chotpjitt 2009% CS  Cervical - Khonkaen HR-HPV 7
33 Suwannarurk 2009 CS Cervical 15-65 Pathumthani HR-HPV 8
34 Lurchachaiwong 2011 CS  Cervical 19-83 Bangkok HR-HPV 7
35  Suthipintawong2011% CS  Cervical 17-84 Bangkok / HR&LR-HPV 7
Chiangmai /
Khonkaen / Songkla
36 Sukasem 2011% CS Cervical 15-83 Bangkok HR-HPV 6
37 Chansaenroj 2009 CS Cervical 14-88 Bangkok HR&LR-HPV 6
38  Chansaenroj 2012% CS  Cervical 19-88 Bangkok HR-HPV 7
39  Chansaenroj 2014% RS Cervical 26-45 Bangkok HR-HPV 7
40  Swangvaree 2013 cs Cervical 24-78 Bangkok HR&LR-HPV 7
41  Ngamkham 2013°! CS  Vulva 34-91 Bangkok HR-HPV 6
42 Natphopsuk 2013> CC  Cervical 26-81 Khonkean HR&LR-HPV 6
43  Laowahutanont 2014 ** RS Cervical 20-55 Bangkok/Ubon- HR-HPV 6
ratchathani /
Udonthani / Lopburi
44 Paengchit 2014 CS  Cervical 30-70 Lampang HR-HPV 7
45  Supho 2014% RS Cervical 46.4+9.7 Khonkean HR-HPV 7
46  Aromseree 2014 Cs Cervical 30-49 Khonkean HR-HPV 8
47  Wongsena 2014° CS  Cervical 21-92 UbonRatchathani  HR-HPV 7
48  Ngamkham 2016 CS  Vulva/ - Bangkok HR-HPV 7
Vaginal
49  Lertvutivivat 2016> RS  Cervical 47.0+1.2 Pathumthani HR-HPV 7
50 Muangto 2016 RS Cervical - Pathumthani HR-HPV 7
51  Tangjitgamol 2016° CS Cervical 25-65 Bangkok HR&LR-HPV 9
52 Phusingha 2017% CC  Oral - Khonkaen / HR-HPV 6
UbonRatchathani
53 Phoolcharoen 2018% cs Vaginal 30-70 Bangkok HR-HPV 6
54 Bumrungthai 2019% CS  Oral 1-60 Khonkean HR-HPV 8
55 Nilyanimit 2017 CS Cervical 19-69 Bangkok HR-HPV 6
56  Jaruthasana 1989% - Cervical - Bangkok HR-HPV 6
57  Tangsiriwatthana 2019% - Cervical 14-75 Khonkean / HR&LR-HPV 6
Chiangmai / Songla
/ Lopburi / Bangkok
58  Keyoonwong 2018% GS Cervical 23-79 Lampang HR-HPV 7
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No Study Design Sites Age Region HPV type Quality
(yrs) rating
60  Proyrungroj 2016" CS  Anal - Khonkean HR-HPV 5
61  Fongmoon 2015 CS  Cervical 20-80 Lampang HR&LR-HPV 6
62  Choeypan 2014 CS  Cervical 17-63 Chiangmai HR-HPV 5
63  Sennoi 2019" CS  Ovary - Khonkean HR&LR-HPV 7
64 Lertworaprecha1998™ CcC Cervical - Bangkok HR&LR-HPV 4
65  Poonnaniti 19947 CS  Cervical - Bangkok HR&LR-HPV 4
66  Limpaiboon 2000 CS  Cervical - Bangkok / HR&LR-HPV 4
Khonkaen
67  Lathulee 2008" CS  Cervical 30-65 UbonRatchathani  HR&LR-HPV 4
68  Siritantikorn 19977 CS  Cervical 16-59 Bangkok HR&LR-HPV 5
69  Boonmark 2012" RS Cervical - Bangkok HR&LR-HPV 4
70 Boonmark 2013% RS Oropharyn  >60 Bangkok HR&LR-HPV 5
geal
71 Sangariyavannich 2016% CS Oropharyn - Bangkok HR-HPV 8
geal

Note: CS=Cross-sectional study, RS= Retrospective Study, CC=Case- control study, CH=Cohort study

nsATIEdaya

miﬁﬂmﬁtﬂugﬂLLUUmiﬁmsnwaumuaémﬁuszw (systematic review) A5 UBYA
lngldlusunsy MedCalc 20.0.1.0 Usetiluanauansneuesdaya (assessment of heterogeneity) lng
AULANAN9YBITBYE (heterogeneity) uanssigads 12 lun159i1 meta-analysis ﬂizﬁﬁ%%amm
MsAnwfianauaneeiugs (%> 50%) MsiasizsieAuuazld random model daunsdlitoyafilad

Avuduteniusas (% < 50%) 14 fix effect model

HaNISANYI

MnMsAUAunULITeMAedesd L 27,242 n3finw 91ngrudeya Pubmed 14,986
n15Anw1 gIuteya ThaiJO 11,738 MsAnwl g1udeya Thailist 484 N15Anw1 waznIsaUAUAIELe
34 Msfnw AndenauAdeiazlflumsfnwiaainasinsdadnuasinusifnoonindesuidedilasy
AsRadendiuu 71 1309 lasfsduuunis@nvndunisesnuuunis@nuvinuudounds
(Retrospective) 11 N35ANA Iuﬂfjuﬁ’aashﬂ 7,342 918 ﬂ’l'iﬁﬂw’]ﬁﬁmna’flm’;a’mﬁﬂ (Cross-sectional)
49 n1sfinw Tungqueieds 47,135 518 N15ANYINITEUIRNINGUTINTTUUT (Cohort) 2 nsAnwly
NaNsI8E19 7,156 518 wazn15ANYIUTENN Case-control study 9 N13@N® Tungudiaeie 2,690
8 Tnefingusnegneilongsening 15-90 U senined n.a. 2532-2561

dornniiengiuuuefuuiieUssliuaugnueamsiaide HPY ampdanalutszindlne

NMSAUAUNWITY 71 n1sAnwlungufieg19viedu 64,323 518 WUAIUYNUDINITAALYD HPV
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WIgUWES WUSAS wazAMe

Soway 40.47 (95% Cl: 33.99-47.11) Wnswvaduuszfiuauynnisiaide HPV Tuwaduinungn 55

A15ANWYI (F18819 61,053 518), LARASYEWALAAD 7 NSANYT (H28879 1,503 518), WaaLm1uy 1

A5ANYI (H28819 700 518), LWwaaUINYeIraenLazyaInaan 4 N1SANYT (Fag1e 409 s1e), S9bv 1

ANSAN®I (A10819 215 919), WARBIATIA 1 N1SANY (A29819 88 518) WALLYAANINTNUN 2

M3ANYY (99819 355 518) Aam15797 2 Tnenuaugnlaesinveansioie HPV Tuwaduzisauin

ungn, ULSIATEELATaIAD, UEiSUAIUY, UESIUNNY0IRR0n YoIRan, SalY, BIRTIH LATLARUZLS
717315UUN Seway 44.79 (95% CL: 37.27-52.42), 8.89 (95% Cl: 3.84-15.77), 3.57, 46.54 (95% Cl:
35.24-58.01), 27.44, 84.09 wag 50.98 (95% Cl: 45.799-56.152) ®NUa0U

N a s a a
AITNN 2 ﬂ']ﬁ':lLﬂi']SW@ﬂNWULLﬁWQWQWNﬁﬂTQQ HPV G]']llﬂllﬂ']ﬂsﬂaﬂﬂﬁzlﬁ/]ﬂlﬂﬂ

Region N N patients Method Prevalence (95%Cl) 1 (%)
studies
Cervical region (n=55)
Central 23 21,376 Linear array/ PCR/ RLB/ 44.88 (32.995-57.064) 99.66
Electrochemical DNA chip/
Cervista/ Cobas®4800/ NNO-
LiPA HPV assay/ HC2/ Dot bot
hybridization/
North 11 23,170 Cobas®4800/ HC2/ 36.28 (25.595-47.696) 99.63
PCR/ INNO-LiPA/ RT-
PCR
Northeast 12 7,939 Cobas®4800/ PCR 56.16 (29.110-81.361) 99.76
South 3 1,733 PCR 37.05 (12.639-84.551) 99.59
Undefined 6 6,835 PCR/ Cervista/ Dot 35.15 (15.788-57.492) 99.68
blot hybridation/ RT-
PCR
Head and neck (n=7)
Central 4 430 PCR 9.07 (2.446-19.30) 88.95
Northeast 1 594 PCR/ RT-PCR 0.34
Undefined 2 479 Cervista assay 11.82 (1.63-29.47) 95.91
Breast (n=1)
Central 1 700 PCR (GP5*/6"primer) 3.57
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MITNG 2 NFIATIVDAUIULAAIANNYNVDY HPV msugiiniavesdseinelny (so)

Region N N patients Method Prevalence (95%Cl) 1% (%)
studies
Vulva &Vaginal (n=4)
Central 3 362 PCR (PGMY09/11, GP5/6"  41.36 (32.973-50.007) 50.29
primer)/ Linear Array
North 1 a7 PCR (PGMY09/11, GP5*/6") 61.70
Ovarian (n=1)
Northeast 1 215 RT-PCR/RLBH 27.44
Penile (n=1)
North 1 88 PCR (SPF10 primer) 84.09
Anal (n=2)
Northeast 2 355 SYBR-Green RT-PCR/ GP5/6" 50 98 (45.799-56.152) 0.00

ANNYNVRINTISANWE HPV lulsemelny a1nn1sAinwinishiaiiie HPV 713 71 n1sdnw Tunqu

fegansfinwnisdu 64,323 18 nupugnveateisiesay 40.47 Ineduaeiiug HPV16 unfian

sesasNAe HPV18, HPV52, HPV58, HPV31 uag HPV39 mudndu (5Ui 2)

X
anuynveuye HPV Tulszmalng

Unknow (2.17%)

HPV16

(28.40%)

Other

(35.38%)

HPVS51 (2.52%)

HPV33 (2.81%)

HPV39 (3.08%)

HPV18
(11.69%)

HPV31 (3.53%) LHPVS58(3.70%)

M HPVI6
[ HPV1S
W BPVS2
HPVS8
W HPV31
W HPV39
Il HPV33
W HPVS1
B Other

Unknow

U7 2 anuynide HPV Tuuszmelneg (71 msinw) Tugislne. 2537-2561

defnwiannuynvesde HPY Tuiwaduiiainag wuin luwaduinungn 55 nsAnw 91nngu
#En 61,053 518 nuALYnlaeTINFeAE 44.79 (95% Cl=37.27-52.42; 55 studied; ’= 99.72 %,
P<0.0001) laanunisAne HPV16 mnﬁqﬂ 589891178 HPV18, HPV52, HPV31, HPV58 way HPV39

MNAY waduindesraeniaryatraen 4 n15ANe lunaudiegie 409 518 WUANYNVBINITAR
W HPV Tngsiusesay 46.54 (95% Cl1=35.24-58.01; 4 studied; 1°= 75.63 %, P=0.0064) Wun157A
e HPV16 mﬂﬁqm S89a911AB HPV18, HPV58, HPV33, HPV35 Lay HPV31 muansu
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wadfdly 1 msfnwlungusaegng 215 518 wumnugnuesn1sinide HPV Sesax 27.44 u HPV16
1INTgn 589a9AD HPV1S, HPV31, HPV35, HPV34 uaz HPV11 wadidnun 1 nsanuilungy
f1e819 700 918 WUAMLBNURINITAAGE HPV $ouag 3.57 Wy HPV16 uinfian sesasndio HPV1S,
HPV31, HPV33, HPV35 uag HPV52 waddswehazdine 7 n1sanwilungudiagie 1,503 518 Wy
AuynlaeIIu10en15Anlle HPY Sauaz 8.89 (95% Cl= 3.84-15.77; 7 studied; 1= 93.39%;
P<0.0001) Wu HPV16 mm’?iqm S99a9u1AD HPV18, HPVA45, HPV81(CP8304), HPV66 way HPV35 |
wadnnsuidn 2 nanwilungudiedna 355 518 wuaunlasTIveINIARTe HPY Fefenas
50.98 (95% Cl= 45.79-56.15; 2 studied; = 0.00 %, P=0.9950) Ineifunishaiie HPV16 undign
T99R9UAD HPV58, HPV18, HPV6, HPV56 war HPV56, lwadetarin 1 nsanwilugidnsiulasenis
88 518 WUAUYNTDINISAALTDFeAY 84.09 WuLNTidARDa LS HPV1S , HPVE, HPVIL uas
HPV54 pnuenau

Sofarsananugnuasnisinde HPY aelulssmdlnelasutsmundaenudt anunves
nshaide HPV luwsazginiavesUseme danuuanaieiu nande aeAnasnuNsAnde HPY Sau
az 39.21 wuinduide HPV 16 wnfign sesasunfe HPVLS, HPVS2, HPVSS, HPV39 way HPV51
ANUAIRU (éﬁ’ﬂgﬂﬁ 3 7), nAwilenunisinde Youay 41.86 NuLde HPV1S mnﬁzjm SDIA9UNAD
HPV52, HPV18, HPV58, HPVT2 uay HPV31 (3Uf 3 ), nangiusenideanile wun1sinde Souas
46.23 WU HPV16, HPV18, HPV58, HPV11, HPV33 Wag HPV6 snuandiu (5Uf 3 @) waznaldnuai

sqﬂsuaqmiam%a Soway 47.98 wu HPV16 Mﬂ‘ﬁqm 5898911A8 HPV18, HPV31, HPV33, HPV39 way

‘:4'
HPV35 iﬁwvz’ﬁo nevTumnnasivedlno 1 nnfinw: 21443 110) anu‘mougo HPV TumnniiowodTnu (13 n13fnw: 23,308 310)

Unlhmow (000% | Rladly Unlnow 00.79%)

s
uurve
- e
marnas
m e
nrvs
s
w2
L e
|erve LR
B urve e
WPVIS(69)
L Loady) TEAEYTERITN W e
WPV 0%
= W Other [ TH MV (L07%) B s
RR72035%) HPVSE M%) MV (G195
BPVES L39%) PV OL37%) Ushmow Celnow
) 1 w0 mmynve o Py TumalivodTne 3 msnwn: 1,733 110)
manrgnve x¥o PV Tunnnz TuoonBoamiiowoIno (16 n3fnw: 10,528 130) Y : 2 B0
Usham O8N Ushaen b0
e B wrve
u s o
mans L)
s WPV O wn
[ ar LI R T N urve
L W
u e s
e e
MV A1) LAl
Onher Onder
BT V1102 u .
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JU7 3 uanspugnvesnsinige HPV luusdazniavesusewmalvelugaed w.a. 2537-w..2561
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Sofnweugnuazaneiusuonide HPV 1By 3 919 dasaz 10 U wudn luras® wa. 2552-
2561 AIUYNUBNT HPV Sauay 31.22 Tnswunisinile HPV16 uInfiqn sosasunde HPVIS,
HPV52, HPV58, HPV51 wag HPV72 snuaiau (gih?i an ), U w.f. 2542-2551 wumwwqﬂﬁuaﬂmsaml,%a
HPV $aBay 56.35 Ssaanun1siniie HPV16 uInfign sosauife HPVIS, HPV52, HPV31, HPVT2
uay HPVS8 mudndiu (Ul 49), Tw.a. 2532-2541 wuauynuesnIshnide Sosay 40.77 way HPV16
LfJumsJﬁ’uﬁ:ﬁwwmﬁqm S99a911A® HPV18, HPV33, HPV31, HPV39 way HPV35 (g‘d‘ﬁ' ap)

Z z
mngnvoaro Py hulnusznail wa, 2552-w.n.2561 (38 M) mugnvoave HPV fiwuluIngszniailna. 2542-n.0.2551 23 msfing)

Unknow(1%) Unknow (1%)

W HPVI6
W HPVIS

W HPVS
HPV16(22%) HPV16(31%)
2 HPV3L

Other (47%) W HPVS1 W HPV2
\ HPVIS (8%)

W HPVSS

W HPVT2

W HPV66

HPV52 (7%) W HPVY

HPV18 (8.76%) W PV

W HPV3L
M Other

HPVS8 (5%)
M Other =
HPVS1(3%) HPV70(2%)
i V31(3%
HPV31Q2% HPV72 (3%) Unknow HPV66 (2%) HPV31(3%) .
HPV39 (2%) m HPVS8(2%) \- HPV72(2%)

P -
gnveae HPY TuTnuszndiall w.a. 2532-wn. 2541 (10 Mafinw)

W HPVI6

W HPVIS
HPV4S (3%)

W PV
HPVS2 (3%)
HPV16(31%) HPV31

W PV
HPV35 (7%)

W HPV3S

HPV39 (7%) u Vs

HPVIS (20%) W HPV4S
M Other

Unknow
)

FUT 4 anugnveade HPV Tulnedounds 3 919 ¥asag 10 U Aaust w.A.2532-2561
N. ANUYNTYBUYD HPVAUAY 0.¢.2552-2561 (38 N3ANEI), U.AUYNVRAYE HPVAIUAT

W.A.2502-2551 (23n15Anw), A.ANYNTNTE HPVAALAT 1.6.2532-2541 (10 M3fnw)

saluazasy

msfnweugnuarateuueate HPY Tulsumalneanmsinufitidsadudiuon 71
n1sdnw Tasfin1sdnwarugnuesnisiiaide HPY nguAudssgesensiinlsauziiediuiu 71
nsAny waznguaudssidenisifnlsrundediuiu 21 nsAne nmsAnwinuaLYNDs
nsfade HPY lutsemalnedesay 4047 HPV16 \uareugiinuuiniian sesasndo HPV1S,
HPV52, HPV58, HPV31, HPV39 wag HPV33 anud1du winfia1sunaaiugnaesnisinide HPY anx
uwidsfinuagnunsinide HPY luisadosaringsiian fe¥esay 84.09 sesasunie YosnaonuazUin
Yoanaensosay 46.54, nnsutiniesay 50.99, Selufesar 27.44, Unungniesas 44.79, Asusuas

d1Aasosar 8.89 wavtdnul 3.57 wandlmiutennuduiusseninansanie HPV Autnaduiuse?
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AuYNTRINIsRALTe HPV Tnsutiniuniinia nuanugnaesnisinie HPYV TuniAnans
mamiie aangusenideanileuazniald wudsll fevaz 39.21, 41.86, 46.23 uar 47.98 ARy
Tngmugnvesnisinide HPV Tuudazninaiirnuunnssiuenaduiomiansuoumsinwuay
Srunufdriulasnisuiasfufiunnsaty fetladonisduden Jssmnsuasnginssuieaduilade

[y

Eesdnsun1siodio HPV Auansneiu Wy da1unmausd 91y ssuugiiduiu dadu HPV (Jusu®2es

q

defnwimnugnuararoiudveaide HPV dounda 3 49 9298z 10 U namde Tuted wa.
2552- 2561, W.A. 2542-2551 wazlutsUn.a. 2532-2541
WUANINYNTVBUTD HPV Seway 31.22, 56.35, way 40.77 muadiu iuldinauynvesnishin

a v A

o HPV fluunlduanas onduiilonnanmssasdliinsdansedseusSuazdnasunisaniniy
HPV ietlesfulsruieiiRonidestunmsinde HPV Wudu dwaldinisinde HPV anawmuandu &
WUAMLYNTBY HPV52 wag HPVSS duuiltuasifistudon  Turas 10 Iik1umn dedudaiostinns
fanudely uenanifinanemenunsinuilésumsdadenduninsmmamaeiugueaie
HPV16 waz/yi3e HPV18 waznguangiusauidssgenienuidsmsenisnolminlsauzise laild
ps1avaneRusrente HPV lunguiug e1avilvarewusvende HPY lunisAnundonaiaag
aanmpaeulunneuesild eenslsinny nsdnwie HPV ludssmdlnedonaysslowidmiunis
Faiunazanmnsnihdeyaifiodunuimslunisi faduiidausimgivareiusues HPV Anuly
Ussmalneiitoanmnudsddunisiinlsausidiifianuduiusiunisinge HPV ludszannsivelaly
DUAR

Tunsanwiian P fAgeunn flesannsfinwithunsia Meta-analysis ﬁgﬂl,wumiﬁﬂmﬁ
wansafuLn Sty miﬁﬂwﬂuamﬂmma%é’mﬁmzmumﬁ@Lﬁaﬂmiﬁﬂmﬁﬁgﬂqumiﬁﬂm

willoufiunndeszideyasiaazduguuuun1sAinwiluy prospective w3 retrospective Lusiu
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Patient-Specific Quality Assurance of Volumetric Modulated Arc
Therapy (VMAT): Amorphous Silicon Type Compared with Diode

3D Array Phantom

Somsak Khuanchana!, Kananan Utitsarn?

Wirasinee Chaloemchawalit %, Komkrit Krongkietlearts?

Abstract Purpose: To compare the results of amorphous silicon pre-treatment QA type and

diode 3D array phantom for delivery pre-treatment quality assurance of head and neck and
prostate Volumetric Modulated Arc Therapy (VMAT) with various gamma criteria evaluation.
Materials and Methods: The Varian amorphous silicon (aSi) Portal Imaging Devices and its
software was used for portal dosimetry system (PDs). A diode 3D array cylindrical phantom
(ArcCheck) was used for the studies. Eclipse-TPS with VMAT treatment planning and portal
dose prediction software was used for planar dose calculations. The 30 VMAT patient plans
of head and neck site and prostate site from the radiotherapy department, Lopburi Cancer
Hospital, were created for verification plan on two different QA system PDs and ArcCheck.
Thirty patients' treatment plans, each with 2 or 3 arcs, were delivered on the EPIDs of the
Varian Linac iX (PDs) and ArcCheck, respectively. The measured planar dose matrices were
compared with the planned dose and analysed using global gamma evaluation with
3%/3mm, 3%/2mm, and 2%/2mm. Results: All head and neck plans measured by PDs and
ArcCheck had the average passing rate using 3%/3mm of 97.91%=0.93 and 97.81%=0.81,
respecttively. When using 3%/2mm and 2%/2mm, the average passing rate measured by
PD was 95.65%+0.83 and 76.48+2.55, while the results measured by ArcCheck were 96.63%
+ 0.77 and 79.77+2, respectively. All prostate plans measured by PDs and ArcCheck using
3%/3 mm criteria have the average gamma passing rate of 99.10+0.86 and 99.56+0.47,
respectively. The average gamma passing rate when using 3%/2mm was 98.11%=x1.02 for PD
and 98.67% = 0.90 for ArcCheck, while the passing rate decreased to 97.05%=+0.82 for PD and
97.46%=0.68 for ArcCheck when using 2%/2mm.The prostate cases illustrated no significant
difference for all gamma criteria with a P-value greater than 0.05. Conclusion: The PDs system
and ArcCheck can be considered QA tools for the verification plan of VMAT. The results of
planning verification were comparable for the criteria of 3%/3mm and 3%/2mm. (Thai Cancer
J2022;42:30-41)

Keywords: Volumetric Modulated Arc Therapy (VMAT), Pre-Treatment QA Tool, Diode 3D

Array Phantom, Amorphous Silicon Type
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Introduction

Volumetric Modulated Arc Therapy (VMAT) is radiotherapy treatment technique widely
used for head and neck (H&N) and prostate cancer. Because it provide highly radiation dose
distribution to the target while sparing the radiation dose to the close organ at risk (OAR)!. This
treatment technique uses beams sequence generated by the multi-leaf collimator (MLC) with
continuously moving gantry rotation, dose rate modulation and collimator angulation?.

Due to the complexity of the VMAT dose distribution, implementation of pre-treatment
quality assurance(QA) or verification is an essential procedure in clinical practice to ensure that
the accuracy radiation dose is delivered to the patient as planned®. The systematic pre-
treatment QA can detect the errors which leading to inaccurate doses of radiation causing side
effects to patients*. The pre-treatment QA process for VMAT can be done with different
measurement systems.

The pre-treatment QA devices intended and design for VMAT QA is diode 3D array
phantom such as ArcCheck. Its detector characteristic (type and design) and its ability of VMAT
QA has been many reported by authors®®. The portal dosimetry system (PDs) has become
another QA system for VMAT plan verification. PD system consist of electronic portal imaging
devices (EPID) for obtain the dose image and the specialize analysis software for matching the
dose image and predicted dose by the treatment planning system (TPS)?.  This system was
used because of its resolution, large detector density, large detector surface and friendly for
user. There are many studies reported the use of PD system for VMAT pre-treatment QA'%*2,

Gamma evaluation is a common quantitative technique for assessment the agreement

between measured dose and the planned dose by using gamma index (Y).The concept of

gamma evaluation was descripted by Low et al*?

. At the reference point and all points of the
matrix, an assumption is made that once the passing criteria are selected, either the dose-
difference(DD) or distance-to agreement(DTA). AAPM Task Group 119 suggested the acceptance
criteria of 3% DD and 3mm DTA'!. The gamma passing rate of 90% - 95% with 10% threshold
to get rid of background noise was also recommended'*. However, number of studies have
discussed the acceptance of gamma criteria by reducing the criteria to 2% DD and 2mm DTA
or 1% DD /1mm DTA. They found the higher sensitivity of error detection®*®.

This study aims to investigate the difference of two pre-treatment QA system
(amorphous silicon pre-treatment QA type and diode 3D array phantom) when perform the
plan QA for head and neck and prostate VMAT plans. The gamma passing rate with various

gamma criteria will be applied to study of those two pre-treatment QA tools.
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Materials and Methods

Amorphous Silicon Pre-Treatment QA Type (Portal dosimetry system (PDs))

PDs (Varian Medical system Palo Alto CA) corresponding to an image receptor Electronic
Portal Imaging Device (EPID) model aS1000 that has a 30 x 40 cm? at source to detector
distance (SDD) 100 cm with Amorphous Silicon (A-Si) semiconductor which has a 1024 x 768
pixel of active area and a pixel resolution of 0.39 mm. EPID is attached to the Varian Clinac iX
by Exact arm. The portal dosimetry software version 13 which uses an algorithm to transfer
the integrated images to a dose map for comparison with a dose map from the TPS. The
details of PDs algorithm was descried by Van Esch et al'’. Dark field and flood field were
performed for EPID calibration with field size of 10 x 10 cm? and source to axis distance (SAD)
100 cm before measurement. The dark field calibration was done for background and noise
correction while the flood field calibration was done for pixel sensitivity correction!'. The

detector was scaled to Calibration Unit (CU). The CU is calibrated in centi-gray (1 CU = 1 cGy)'..
Diode 3D array phantom (ArcCheck)

ArcCheck (Sun Nuclear Inc, Melbourne, FL) is a 3D silicon diode detector . Its geometry
cylindrical with 21 cm diameter and consists of 1386 detectors (0.019 mm?) with a 1 cm
detector spacing. The inherent detector is 2.85 cm. The device has accommodate with a
MultiPlug insert inside in the center of the phantom. AC calibration was performed follow the
manufacturer guidelines before measurement for 6 MV photon beam. The correction of
detector sensitivity was the first step for detector array calibration dose 200 MUs delivered
with a 10x10 cm? filed. In this process, the raw measurement of each detector was eliminated
the relative response different for individual detector. The actual dose delivered to the diode
detectors was entered in the vendor software (SNC Patient) and a calibration factor was
obtained. The known delivered dose to the detectors was calculated using the TPS and the
virtual phantom provided by the vendor with a density override of 1.15 g/cm?. In the TPS,
identified the depth of diode detector at 2.9 cm and the dose for 200 MUs delivered with a

10 x 10 cm? field was calculated and recorded.
Patients and Treatment Planning System (TPS)

30 patients with H&N cancer (n=15) and prostate cancer (n=15) who were treated in
Lopburi Cancer Hospital between 2019 and 2020 were randomly selected for study and
approved by hospital research ethics committee. Treatment planning technique by VMAT using

6 MV photon beams were selected retrospectively. Two arcs or three arcs were created with
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a dose rate of 400 MU/min for each patient by Eclipse TPS version 13.6 (Varian Medical System,
Palo Alto, CA, USA). For H&N plans, the prescribe dose ranged from 66-70 Gy. The treatment
plan includes 2-3 dose level of 66-70 Gy (High risk CTV), 59.4 Gy (Intermediate risk CTV) and 54
Gy (Low risk CTV) with a fraction of 2-2.12 Gy. For prostate plans, the prescribe dose of 70-76

Gy with a fraction of 2 Gy were used.

Pre-treatment verification

To create treatment verification plan, the plan containing an actual fluence and
calculated MLC leaf motion was exported to the QA tools: PDs and ArcCheck. PDs system will
generate the calculated portal image and ArcCheck will recalculate all parameters as a
planned dose map. All verification plans were delivered on a Clinac iX Linac (Varian Medical
Systems) equipped with a Millennium 120 MLC.

For PDs, the source to EPID distance was set to 105 cm for portal image acquisition. A
composite portal dose image was used to compare with the calculated dose by the TPS.

For ArcCheck, the detector is set isocentically with the SAD of 86.3 cm. The calculated
dose by the TPS and the measured dose will be compared. The example of the comparison
between measured and calculated dose with EPID and ArcCheck is shown in Figure 1 and

Figure 2, respectively.

Evaluation protocol

Table 1 show the analysis protocol for planned and measured dose matrices. DD is the
accepted dose difference. DTA is the distance difference accepted. Mode corresponds to the
dose normalization mode. TH corresponds to the thresholding pixel criterion. 10% Dmax and
20% Dmax correspond to a thresholding of all the pixels, with a dose greater than or equal to
10% and 20% of the maximum dose of the plan. MLC CIAO + 1 cm correspond to a threshold
of all the pixels included in Complete Irradiated Area Outline (CIAO) of the MLC incremented
by 1 cm. PR is the minimum success criterion on the pixel percentage with a Gamma index
less than one for the plan to be considered compliant. A 95% pass rate was used for gamma

criterial of 3%/3mm and 3%/2mm and 90% pass rate was used for 2%/2mm.

Table I The analysis protocol for planned and measured dose matrices.

Gamma Critera Mode Operation Threshold % Pass rate
3%/3mm AC 10% Dmax 90%
PDs Field + 1 cm
3%/2mm AC 10% Dmax 90%
PDs Field + 1 cm
2%/2mm AC 10% Dmax

PDs Field + 1 cm 80%
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(top right) showing gamma analysis results (bottom) and line profile agreement (top middle).
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Figure 2 Comparison of TPS calculated (top right) and diode 3D array phantom(ArcCheck)
measured planar dose distribution (top left) showing gamma analysis results and line profile

agreement (bottom).



36 1N3A1SlsANLLS U7 42 aUu? 1 UNSIAN-WIEY 2565

Results

The mean value and standard deviation (SD) of percent gamma passing rate for all
gamma criteria of 30 plans using Amorphous Silicon Pre-Treatment QA Type (PDs) and Diode
3D array phantom (ArcCheck) are presented in Table 2 (head and neck) and Table 3 (prostate),
respectively. Table 4 shows the comparison of mean value and standard deviation (SD) of
gamma pass rate using various criteria. All head and neck plans measured by PDs and ArcCheck
had the average gamma passing rate using 3%/3mm of 97.91%+0.93 and 97.81%=0.80,
respectively. When using 3%/2mm and 2%/2mm, the average passing rate measured by PDs
was greater than 95.65%=+0.83 and 76.48 + 2.55 while the results measured by ArcCheck was
96.63%+0.77 and 79.77+2.11, respectively. The result showed difference between measured
dose for both Pre-Treatment QA system when decrease the criteria to 3%/2mm and 2%/2mm.

All prostate plans measured by PDs and ArcCheck when 3%/3mm criteria was applied
has the average gamma passing rate of 99.10%+0.86 and 99.56%+0.47, respectively.The
average gamma rate when using 3%/2mm was 98.11%=+1.02 for PD and 98.67%+0.90 and for
ArcCheck while the passing rate decreased to 97.05%+0.82 for PD and 97.46%+0.68 for
ArcCheck.

Discussion

Both amorphous silicon pre-treatment QA type (PDs) and diode 3D array phantom
(ArcCheck) dosimetry system currently operate at our hospital were tested and characterized
before being used for clinical patient specific VMAT QA. This study investigated the PDs results
comparing to the ArcCheck relative dose measurements by utilizing various types of gamma
criteria evaluation.

The difference between the gamma passing rates of PDs and the ArcCheck
measurements for both head and neck and prostate plans were comparable for all gamma
criteria (P > 0.05) except for the criteria of 2%/2mm for head and neck cases (p value < 0.05).

By applying more stringent gamma criteria the passing rates of PDs and ArcCheck were
less than 80% for head and neck because the gamma failing points were detected and
increased. Especially at high dose gradient region or beam edge. The results showing
statistically difference between PD and ArcCheck with p-value of 0.0006 (table 3). While the
passing rate higher than 95% of prostate verification plans was presented when the stringent

criteria were used.
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Table 2 The mean value and standard deviation (SD) of % gamma passing rate for all gamma criteria of head and neck plans using amorphous silicon pre-

treatment QA type (PDs) and diode 3D array phantom (ArcCheck)

3%/3 mm 3%/2mm 2%/2mm
Patient No. Diagnosis
PDs ArcCheck PDs ArcCheck PDs ArcCheck
1 Nasopharynx 98.20 97.10 97.00 97.50 78.00 81.20
2 Neck node 97.80 98.50 96.20 96.90 75.00 80.00
3 BOT 98.20 96.90 96.70 97.00 79.40 79.00
a4 Buccal 98.50 97.80 95.60 97.60 77.60 82.50
5 Lower gum 98.50 99.00 95.90 97.50 74.70 79.30
6 Soft palate 99.90 97.60 95.90 96.80 78.20 80.10
7 Tongue 96.00 96.00 94.90 96.00 69.90 73.70
8 Paranasal sinus 98.70 97.80 94.90 96.10 73.60 77.00
9 FOM 96.60 98.00 94.00 96.40 79.90 80.30
10 Esophagus 98.00 98.30 95.00 95.20 76.90 82.00
11 Esophagus 98.00 97.80 95.00 95.20 74.80 80.50
12 Tonsil 97.90 98.00 96.30 97.20 78.30 80.30
13 Pharynx 97.40 98.30 95.00 96.90 77.00 80.80
14 Supraglottic 96.90 97.00 95.90 96.10 76.50 80.20
15 FOM 98.00 99.00 96.50 97.00 77.40 79.70
Average 97.91 97.81 95.65 96.63 76.48 79.77

SD 0.93 0.81 0.83 0.77 2.55 2.11




‘1‘7; a2 Q‘lj/‘l.lﬂl 1 UNIIAN-LUYBU 2565

b

38 1MsaslsANLSa

Table 3 The mean value and standard deviation (SD) of % gamma passing rate for all gamma criteria of prostate plans using amorphous silicon

pre-treatment QA type (PDs) and diode 3D array phantom (ArcCheck)

3%/3mm 3%/2mm 2%/2mm
Patient No. Diagnosis
PDs ArcCheck PDs ArcCheck PDs ArcCheck
1 Prostate 99.00 99.70 97.00 98.90 95.70 96.00
2 Prostate 99.40 99.90 98.00 99.40 96.70 97.70
3 Prostate 100.00 99.50 99.00 97.40 96.00 98.00
4 Prostate 100.00 99.10 97.00 97.80 96.00 96.70
5 Prostate 98.00 100.00 98.00 98.40 97.80 97.00
6 Prostate 100.00 99.30 97.00 99.40 97.40 98.00
7 Prostate 99.90 98.90 99.00 97.90 98.00 98.00
8 Prostate 98.00 99.20 97.00 98.10 96.80 97.00
9 Prostate 99.70 100.00 98.00 99.00 96.80 97.00
10 Prostate 99.50 100.00 97.00 99.00 97.00 97.50
11 Prostate 99.90 100.00 99.90 99.60 98.40 98.00
12 Prostate 98.00 100.00 99.90 100.00 98.20 98.70
13 Prostate 99.10 100.00 98.10 99.90 97.30 97.90
14 Prostate 98.00 99.00 98.80 98.00 96.50 97.00
15 Prostate 98.00 98.80 98.00 97.20 97.20 97.40
Average 99.10 99.56 98.11 98.67 97.05 97.46

SD 0.86 0.47 1.02 0.90 0.82 0.68
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Table 4 The comparison between the gamma passing rates of amorphous silicon pre-treatment

QA type (PDs) and diode 3D array phantom (ArcCheck) measurements.

Tumor Site Gamma Criteria Portal Dosimetry ArcCheck P
Head and Neck 3%/3mm 97.90+0.93 97.80 £ 0.80 0.7600
(96.60 ~99.90) (196.90 ~ 99.00)
3%/2mm 95.65+0.83 96.62 +0.77 0.0025
(94.00~97.00) (95.2~97.50)
2%/2mm 76.46 +2.55 79.77 + 2.11 0.0006
(69.90 ~ 79.40) (73.70 ~ 82.50)
Prostate 3%/3mm 99.10+ 0.86 99.56 + 0.47 0.0800
(98.00 ~100.00 ) (98.80 ~ 100.00)
3%/2mm 98.11+£1.02 98.67 +0.90 0.1300
(97.00 ~ 99.90) (97.20 ~ 100.00)
2%/2mm 97.05+0.81 97.46 + 0.68 0.1508
(95.70 ~ 98.40) (96.00 ~ 98.70)

From simple plan verification (prostate), there is very good agreement with all
acceptance criteria for both PDs and ArcCheck dosimetry system with the passing rate higher
than 95%. ArcCheck always shows slightly higher passing rate than those of measurement by
PDs for prostate cancer. This is mainly due to the plan consist of the field size that is large
enough to contain all diodes in the transverse section. The diodes located on either side of
the beamlet in transverse section will have a higher measured than planned dose. Thus, a
higher dose can be observed.

Further study on the correlation between the measurement of PDs and ArcCheck will
be performed in the future by utilizing more high modulation treatment plan.

Conclusion

The gamma passing rates of amorphous silicon pre-treatment QA type (PDs) were
comparable to those of the diode 3D array phantom (ArcCheck) measurements for all gamma
criteria. There distinctive differences were observed when the stringent gamma criteria were
applied. Therefore, both dosimeter system can be used as an alternative to each other for
patient- specific QA of both VMAT with suitable gamma criteria to ensure clinically acceptable
dose errors.
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Ultrasound guided needle mark to trachea for unidentified tracheal landmark
tracheostomy case : A case series
by Danupat Ratanavaraha

Department of Otolaryngology, National Cancer Institute, Thailand

Abstract Generally, tracheostomy was a simple procedure for the otorhinolaryngologist,
head and neck surgeon. Nevertheless, sometimes, the patient neck area, especially in
head and neck cancer patients, might involve a large tumor and/or fibrosis that entirely
precludes the surgical landmark of  the trachea. Therefore, the author invented and
developed the ultrasound-guided needle mark to the trachea for unidentified tracheal
landmark technique to solve those problems. The method was simple and effective.
However, there were limitations, such as when the procedure was done under local
anesthesia, there was patient movement. Moreover, the surgeon's ultrasound-guided
procedure skill was also a critical success factor. Therefore, we need to improve the
surgical technique, tools, and surgeon skills to make this technique more effective and
widely used. (Thai Cancer J 2022;42:42-56)

Keywords : technique, ultrasound guided, needle mark, tracheostomy
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UnAnge 1U9Au PTEN (Phosphatase and tensin homolog on chromosomme 10) Vu

tumor suppressor NANITVNIUVD phosphatase N5y tumor suppressor U84
PTEN Ju tinanAaudsd lipid phosphatase Favhausaudu PI(3,4,5)Ps (PIPs)  Tag PIPs

Huneanelala fildann phosphoinositide-3-kinase (PI3K) Fa Pi3K U signal

v
v A

transduction pathway fid1fay dmsunszuIun1TMe@inen PTEN Wusdudafiddnyves
PI3K WA AKT pathway lne PTEN azfsweairineanain PIPs Isidu PP, Fafunsvihaud
ndufufun1svinauees PI3K PTEN dunuimdidglagianizlun1saiununssuiunisnis
FrAnersausenisiasaiula, adhesion, migration, invasion, apoptosis, JsauziSeuaslse
3 9 sfuLazntifives PTEN Qﬂmuamﬁﬁﬁgumau transcription, #&4-transcription wag
wds-translation PTEN §agnarunulaenisilufisondulusiudu q wazdunisiiegves
PTEN 78 wana1n PTEN azidlu tumor suppressor ud Sadugfivindduasassiaiugnssy
fnufinisnaneiusuaznisremeluvesdu PTEN TulseusiSeiiAnluiyudsuias S
UL ANUNNTBIVRY PTEN %‘v‘hmaﬂigmumsﬁugmmmmiﬁamusﬁa%awﬁuqmim
waddilalll PTEN aeiiiginswadiiinunfuasiinsiudsuulamimuinisveeadsuinis
Meveas (cell fate reprogram) Qﬂaamﬁuéﬁuuﬁq@ﬁa PTEN 9¢Mauauadfon1sine
P88 trastuzumab lﬁﬁaﬂﬂdwﬁﬂwmm%uéhuuﬁﬁ PTEN UnfiografifudnAny nsgeyide
PTEN mmmiﬂi’fﬂuﬁawmﬂiﬂiﬁﬁwﬁzyﬁiaﬂﬁﬁasiam trastuzumab FatuN1TS YIRS
PI3K-targeting anu1salivaedingUnefigads PTEN finesesn trastuzumablé naidle
UNUIMNTIINEIU8 PTEN N154aA900nY09 PTEN N15AIUANNTITHNUYBS PTEN way
aufinundves PTEN TulsauiSefifntulunyudsutasaduniadudesidudmi
AuIMsaineveslsanzifadevinlianunsamnagndlmidviunisinuilsauzSedely
(17537515ANLE5T 2565:42:57-70)
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Adfey: PTEN wzidadinuy 1n9nswad trastuzumab
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The role of PTEN on breast cancer
by Adisorn Jedpiyawongse, Anantnuch Sakapiboonnan, Phuwasit
Wararatrueangwut
National Cancer Institue, Bangkok, Thailand

Abstract Phosphatase and tensin homolog on chromosome 10 (PTEN) are tumor
suppressors with phosphatase activity against phospholipids and proteins.The
tumor suppressor activity of PTEN is attributed to its lipid phosphatase activity against
Pl (3,4,5) P3 (PIP3). The PIP3 is the phospholipid product of phosphoinositide-3-kinase
(PI3K), the crucial signal transduction pathway.The PTEN is the essential negative
regulator of PI3K and AKT pathway. The PTEN dephosphorylates PIP3 to PIP2, PTEN
reverses the action of PI3K. PTEN plays significant roles in regulating biological
processes, including growth, adhesion, migration, invasion, apoptosis, cancer and other
diseases.Therefore, level and function of PTEN are tightly regulated at transcript-
tion,post-transcription and post-translation levels. Protein-protein inter actions and
their locations also regulate PTEN. Besides a tumor suppressor, PTEN is also a
guardian of the genome frequently mutated and deleted in human cancer
including breast cancer. PTEN deficiency disrupts the fundamental processes of
genetic transmission. Cells lacking PTEN have cell cycle deregulation and cell fate
reprogramming. Breast cancer patients with PTEN loss had significantly poorer
responses to trastuzumab-base therapy than those with normal PTEN. Thus PTEN loss
is a powerful predictor of trastuzumab resistance. In addition, that PI3K-targeting
therapies rescued PTEN loss-induced trastuzumab resistance. The understanding of the
biological role of PTEN, the PTEN expression and activity are regulated, and
PTEN dysregulation in human cancer, including breast cancer, could provide
new strategies for cancer therapies. (Thai Cancer J 2022;42:57-70)

Keywords : PTEN, breast cancer, cell cycle , trastuzumab
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AnUnAvasBu BRCA dinnatdssuinsonisiduusisasiug uzi5esely tazlsausi5eou 9 wagnuin
Uszinauforay 5 vesiheuzisuduuiivssifaulunseuasifinisnateiuguesdu BRCAL uazBu
BRCA2 @98 uvisaastiidu tumor suppressor gene Tul a.A. 1997 ladin1sAuUNUEL Phosphatase

and tensin homolog on chromosomme 10 (PTEN) Fa.9u tumor suppressor gene LY UAY N1T
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1A398519989 PTEN

Phosphatase and tensin homolog deleted from chromosome 10 (PTEN) gene (mutated
in multiple advanced cancers 1 (MMAC1) %58 TGFb-regulated and epithelial cell-enriched
phosphatase 1 (TEP1) Lﬂugu‘ﬁa@juu chromosome 10g23.3! Waswduswa phosphatase #n1%
197994 lipid phosphatases kag protein tyrosine waz serine/threonine phosphatases 11144
qusNs¥iauiy phospholipids wa proteins 1A PTEN Usznausae 403 amino acids (aa) &
lassas1susegnoauaae Pl4,5P2 (PIP2) binding domain (aa 1-13), catalytic tensin-type
phosphatase domain (aa 14-185), C2 tensin-type domain Favzduiu phospholipids (aa 190-
350), carboxy-terminal tail of the protein (aa 350-400) (C-Tail), b& ¢ PDZ-domain binding (aa
401-403) TUsfu PTEN nuagseni1a cytosol Lag plasma membrane wazwusglufiiadea 3
PTEN ﬁagﬂuﬁaLﬂﬁaaﬁwmﬂums%’ﬂm stability of genome (l@flgsn1NVBIENTIUGNTTY) PTEN
Fanud extracellular wazwulu cytoplasmic organelles L% u endoplasmic recticular,
mitochondria-associated membrane Wag mitochondria? n13aaLUas amino acid waazilunnas

domain ziiNanan15vu tadesnnuedlusiu nsvihugiserrsevinnusauiulusiudu (protein-

a o

protein interaction) ufdlnadomurysogues PTEN TUsiu PTEN Sunuimaiuauindayayiuds

o

noldRauuuTuTU phosphatase wazlituiu phosphatase

n157 PTEN Sinaast@ifu tumor suppressor iinanauaxT@il PTEN flgnsnisvineuves
lipid phosphatase® PTEN Ju negative regulator U84 phosphoinositide-3-kinase (PI3Ks) way AKT
protein kinase B pathway dlo PI3Ks Qﬂﬂiséjuﬁaaé’@,mmdwawmwﬁmmﬁq growth factors
wa¥ G-protein-coupled receptors* ﬂzﬁﬂﬂiLﬁMﬁﬁngaaLWm (phosphorylate)‘ﬁl 3-position U84
inosital ring ¥ ® 4 phosphatidylinositol-4,5-biphosphate (PIP2) 16 second messenger @ ®
phosphatidylinositol-3,4,5-triphosphate (PIP3)> PI3K complex Aladazusane §Jj i plasma
membrane LLﬁaﬂizﬁUﬂﬂiﬁﬁﬂﬂuﬁuaﬂ pyruvate dehydrogenase kinase 1 (PDK1) wag AKT® i1l

nsasdyanaluauaunsynuiguenead PI3K muaNnszuIunsnglugadaiunssuIung

aaa

samﬁammﬁﬂé’f’aLLaszﬂ%auJLaUImasmmm%a (cell proliferation) wagN158TIN (survival) T¥AUVDY

a

PIP3 Tigetuluwaduzisadusadugs apoptosis waziililinisuuaiuaziasaiulafinauaulallah

o

TnAnlsAugtse’ N1571919ve4 lipid phosphatase a4 PTEN azaate PIP3 LUy PIP2 lngfiany
Nadatwm (phosphorylate) 88n91n 3-position Y84 inosital ring ¥e4 phosphatidylinositol-3,4,5-

triphosphate (PIP3) #9411 PTEN Fefln15v19rufinsedau (antagonizing) AU PI3K signaling®®

a1

Aatiu PTEN Fadumdnvinsnisdimendygaidmenasiusiusis phosphatidylinositol 3-

'
a1 U

kinase pathway LWag AKT protein kinase B pathway aaazgapmlﬂmuammiﬁfmwm 9 VD4
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wad WU MIuUsnegannvesead maasyiulavesead Maudsuulassuine meiidinsen
N158ANSEUIUNT apoptosis miLﬁ'mﬁumaﬁmidﬂﬁmagﬂmmﬂ mitogen signaling S2UTIN9LAR
Tsauzi5e!02 PTEN Saiunumdudanisiadaivln nsuvsiaediesamda nsunsnszaneves
waduny n13iiFinsen sussnihlieadidngnazuaviunsme 12
N13AIVAU PTEN

PTEN uananazdiunumdrdeyAeidu tumor suppressor PTEN §3A2uUaun1s it ved6n
891 (embryonic development)®? lipid metabolism®® wdadudutadefidrfyselsadu 9 wu
WUl Msdnnseiulagnsuanseanves PTEN Sudusddey n1suanseanves PTEN wagnis
neulugiuzveosioulyyl phosphatase ve9 PTEN Qﬂmmﬂu%umau transcription, post-
transcription kag post-translation smﬁ’quﬂmu@mmﬂmiv‘hﬂgjﬁ%mmm PTEN Aulusfudu
(protein-protein interaction) yena Nt e PTEN ag}'é’uﬁuﬁaﬁmuwﬁwﬁmaa PTEN ¢¢

Tudumeu transcription u PTEN gneuAulag transcription factors viang 9 #vinlidinas
ﬂizéjumsﬁﬁmuw'%aé’ué”’amiﬁ”musuaﬁ PTEN 12U early growth response protein 1 (EGFR-1),
peroxisome proliferation-activated receptor y (PPAR-y), p53 kae human spout homolog 2
(SPRY2) 1¥u positive regulators ¥94N13ULAAIDDNVOIBU PTEN N19%191UuT89 P53 Fadu tumor
suppressor ANNTORLNITRANI0DNTBY PTEN WAZAANITHAAIEDNTDT p110 catalytic subunit 989
PI3K veugdi Ras/Raf/MEK/ERK pathway axdudanis transcription Y9981 PTEN W1U%N14 c-Jun
uaﬂﬁ]’m‘ﬁ?u nuclear factor kappa B, mitogen-activated praotein kinase kinase-4 (MKK4),
transforming growth factor beta (TGF-B) wag polycomb group protein BMI1 €' v negative
regulators YB3 PTEN ﬂzé’ug’qmmamaaﬂmaa PTEN?

wanniu NOTCH signaling favinmtihiduldie negative regulator wag positive regulator
299 PTEN transcription Iag NOTCH signaling ﬂzlﬂﬂ'ﬁzéju transcription factor hairy and enhancer
of splitl (HEST) ¥irlwiinnsudanis transcription ves PTEN luveausdl NOTCH signaling 9z 8ud
recombining binding protein suppressor of hairless (RBPJ #38t58n41 CBF-1 vilvidin1snseauns
transcription v89 PTEN?

n13LAA epigenetic 1aeLAn hypermethylation fiusia CpG island ¥89 PTEN promoter
Lazn1347n histone modification ¥inl#in1358udan1s transcription ves PTEN fatfunisiiia
epigenetic Jefunalnfidudinisuansoanves PTEN fufsadostumainlsauzidmarsiia i
uziSansEinges wesaanldvguazldnse wazuziSaduu’e

Tu939u89 post-transcription Wu31 miRNA dunuinAluAuNITLantaantas PTEN lag
miRNAs tJu conserved non-coding single stranded RNAs amé’ju 9 Lﬂuﬁmfmﬂmwuammi
LENIDDNUDIBU (negatively regulate gene expression) Tnedufl 3-untranslated region (3'-UTR)
284 target mRNAs %1% mRNA aansuedudenisudasiaadnalsiiu (translational repression)
PTEN' wu31 miRNAs LU miR-21, miR-21, miR-19 @13150AIUANNITLAAIDDNYBY PTEN 929

post-transscription A15¥119 1UNRAUNAYDY MIRNA 9g§Us PTEN vinlin1suansannaes PTEN
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anasuaziiunsifnuetse’® viligaduziselinisgnaiuuazunsnszanalindu’® N15uanI0anvos
PTEN €sgnAtuAnaae PTEN pseudogene @4 PTEN pseudogenel (PTENP1) 316U (sequence) 7

wiloufu PTEN mRNA ludiuues miR target sites @9 PTENP1 A2uAun suanieanyad PTEN Tag

=*X Aaa

A15uan PTEN-targeting miR aan ¥inld PTEN $a39@3n (half-ife) Aurudunaziiinusyiuaes
PTEN T¥igagu?2

gu PTEN 1Ju tumor suppressor gene ﬁﬁnwuﬁminmﬂﬁuﬁfﬁlu‘lmmL%qﬁLﬁm%ﬂuwwé
wigslsfinusinnuiimsgademauanssenvesiusiiu PTEN sisfildwuiinisnanetusvesiiu PTEN
Tulsauzifavatevin e1aiflesanndl post-translation modification lagetatAnufAzen
phosphorylation, dephosphorylation, oxidation, acetylation, ubiquitination Tud2 u ¥ 8 3
phosphatase domain, C2 tensin-type domain, carboxy-terminal tail 493 PTEN vinlvtinansenu
dontifivedlusiu PTEN nsiinuisenfuvineainn (phosphorylation) 3¥5UnIU localization,
stability wagn15v19ruvslusAy PTEN maﬁma@uw%v@amﬂmﬁ C-tail w99 PTEN (C-tail
phosphorylated PTEN) vinlilassasnsveslusiu PTEN dauuu vinlwlusfiu PTEN ldaiuisavia
U587 membrane phospholipids? #58fiu membrane anchored proteins guﬁﬁﬂﬁzyﬁa PDZ-
containing proteins L4 u MAGI3" n15ldil PTEN membrane interactions %119 18wl
phosphatase lda1u135av1U{AT811U substrate PI(3,4,5)Ps ‘1'7]'EJ§JJ"1'71| membrane N3N WUFVD4
PTEN Snaste PIP2 lipid binding domain dwiilvminiiveslsiiu PTEN fanmamelu?t

nsLAnUfATemIen13991usImAY (interactions) ¥8 PTEN Audiudsznoulusiudy
am190v119AR  post-translation modifications %qﬁmaﬁiamamuqmmiﬁwmmaq phosphatase
8930 Tumanduiu PTEN Afinasenisviaiuvesiusfuisnsauvinaudae wu PTEN dauinefilv

androgen receptor tnasudganlelanatauludiliundua PTEN €3l androgen receptor @ang

(degrate) Tulglanagu®

PTEN A3UANIansiuas

' 2 '
=2 a o ]

Tudumounisulsiiveaeas wadasigininsiead (cell cycle) BallTunauuasszaziiali

=

nAesUsENaumMesee (phase) 4 sy Usenausmieseey G, S, G2 Wag M iedar1udayanis

)

e @

WUFNTTU (genetic transmission) 1ng588% Gl (Pre-synthetic phase) 1usyezfiwadin3ouning
1% d' Y 1w W sl o 6" a 13 ¢al o [ 1 [y e

Wﬁ@ll‘l/l"i]gL’U’]Q'ﬂﬁ"\]ﬂﬂsﬁﬁaﬂﬂ’]iaﬂLﬁi?%%lﬂi@ULLagLQUI%MVﬁWL‘Uu@@ﬂqiﬁﬂmiqg‘ﬁﬂLEJ‘LJLEJ AN

(DNA synthetic phase) tJuszagfiinnsd1aosdiouta (DNA replication) s¥8g G2 (Pre-mitotic

phase) uszeznoudgszasuusia 1uszeeiinmsmuauaunmvesfious in1snsiaaeusid

= c{'

(proof reading) vesdtautefiwanduas1zndulvailiiainugndesiazdaunyufiouianiinig

unwsedliauysalnoutdngszazn1suleda szeg M (Mitotic phase) 1luszezniin1sdnuuuves

Taslulauiinisuussvedlastulsutasfiadsatazinisuuawas (cell division) duszes GO 1T

A o 1 v

JruENnVeLYadTYadazeanaNiinsiwas Weldyaauinseiuliiwaduninedssesin (GO)

Y
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waatiegluszezin (GO) axithgigdnsivad axiimsmunuiginswadlydidulunudfuauasunn
sprvansesauysaifletastunasidnarufiaundiiinty

PTEN Juduntesdeayanuiugnssu (guardian of the genome) Ingazundodlassassves
a1siugnIsukazdulasiuleulvigndes PTEN amuaun1suusiilagn1sasaiulnveuead uway
nsfiFimvensad lae PTEN muaunsduiuluvesiginased munumnszesvesiginseadmis
AIUAN G1/S transition wag G2/M transition (MswAsuruanszes G1 Wingdseee S uazsidey
H1URINTTEY G2 401d5888 M) N1591809wUURLEULE (DNA replication) luszes S phase +Tu
Fumeudifinisdsrirutayanisiugnssu (genetic transmission) PTEN fiunumddnjlunisaiuns
DAN fork progression n15geyt#elusau PTEN (loss of PTEN) sz liansusznouiisnduly
replisome viangluuagyinlvinalnnisdranswuumidule (DNA replication) Anun@ly Wuwavinled
Annsazanvesiiiuteilignitasauuy (unreplicated DNA) siliAnA1IziA3oaveaEy (genetic
toxicity) waziln1s¥auang phase transition andusiely Bvlundntu PTEN Sufendesfuruiunsi
drgneluiginsiwaalaenisduasulviinisdiassbuuditouta (DNA replication) kagn1shen
lasluleaeanainiu (chromosome segregation) TidAugneas PTEN ﬁ%ﬁwﬁmuammisﬁ@mmuﬁ
LoULD (DNA repair) waeMIUAN cell cycle checkpoints iamﬁ'ﬁ G1, S, G2 way M checkpoints PTEN
vivhiinganisdniuluvesininsiwad lag PTEN vimihilduasusenauues checkpoints Lilo
ﬂaqﬁummﬁqéfﬁLLasﬂmﬁﬁgLﬁdmmmaéﬁhjmmsamuaﬂéf (uncontrolled proliferation) Wag
aeriunsiiin CIN (chromosome instability)? PTEN AruauvuInuaisaduaziinuasisadiionn
1nfpinswadedisanisliamnsandugiginsiwadls (senescence) Lilosaindieutaiinaany
Aeyeegiagunsiiewadmavladuiiudy PTEN aduguisadindulugnnzilinvsilal
w3Auln (Quiescence) isa1nunansomisniovInnisnszduliiaTaiiula 33 Quiescence
Huiwadianmnsondudngiginawadld PTEN uenvnifudimuauisadme (cell death)*28nde

N32UIUMT apoptosis FaidunszurumsiiAsadesiunmsmeveawadisiniuunniesdaas
ﬁi’g%’mmaéﬁﬂmﬂﬂaLLazlaimmiaa'ashu%’aagamqﬁuﬁqmm PTEN 9¢ns¥siu cell death program
WormdnwadiitlannudomeuarliinnsBudu quiescence waz senescence agawnza faty
PTEN ayuaun1sattiiuluvesininsiwad (cell cycle progression) waznisdndulalunisiiivzaeen
nindnsiad vivlsk PTEN viwehiidu tumor suppression @slulsaugi3ainnudu PTEN dnns
naneusutedinsuamely Bdlundrdusnnuauunnsesues PTEN silsiinsvhatenszuaunis
fugruesnsasiiudoyanietugnsy wadfiunm PTEN aziiiginawadifaund (cell
cycle deregulation) waziinsiUasuudasiauinisvenaadsiunanisnievenaad (cell fate

reprogram)®?

PTEN Aulsauzisadnuy
PIP; sty second messenger dsdyeyraunaluyl AKT pathway ¥l AKT

phospholylation Wis@u? dedeyaradluarununisingusaIe 4 Yoaead Wy N1SLUIHIE1959015)
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YouLad N15TeYAUlavasad NMswWasuwUaIzuine N1siiTIngen N1SAANTEUIUNIT apoptosis

1o

NILTUYBINTAFQYEUI1UNIS mitogen signaling SANMINISAANLIS 0112 favdy PTEN Falud

(%

é’ué’jﬂmidwa@amzym (negative regulator) ¥89 phosphatidylinositol 3-kinase pathway (PI3K)
Waz AKT protein kinase B pathway Jaiigadesfunisifins uiuvenaad wazni1s5iidinsenves
waa >2*% 9annisAnwilu breast cancer cell line wu3n PTEN agnani1stasaiAvlnveswaausiss
Wunlagann1599uYed PI3K dninlmegadidndsver Gl uasdninligadidngnssuiunisnie®
91nmsAnwily embryonic stem cells wuineadfisinisnateugueadu PTEN aginisifindnsinis
WigAulavilwadiinsasaaulaiingsses S-phase® NMsanamson13ayldun1ThaNI8aNYes
PTEN 138 second messenger (PIPs) snnuazdadyaunausiolufl AKT pathway Tuauaun vy
AN 9 VBUTAR LTU NTUUIRIBENTIAEIVOUTAR N1TAANTLUIUNIS apoptosis AsisuLoens
dedaynynaime mitogen signaling'213%% nsdedayanasinums AKT fnavhlfeaduzGadunie
o tamoxifen Gudu anti-estrogen lun1siiwadidngnszuaunis apoptosis NSLAAIBDNYDS
PTEN flanas finavilildanunsodudinisviauues PIBK/AKT pathways wazn1suansesnves PTEN
AT uiinarilfiadunidudiuunovaussse tamoxifen LEATY 971nn 5@ Ghosh
wazamy? Thidiudn PTEN iy transcriptional repressor awmmé’u&maﬁwamé’ﬁgmm nsoY
JOAUDILTAALAZAANITLISYLAUIAYBY human breast cancer wandliiiudn PTEN AUANI993T30
vouas (cell cycle) wagnsiainsonvLYas

nsvieuves P53 dadu tumor suppressor anunsoLiunNsuanIeeanved PTEN uazannis
LamI9anNYBe pl10 catalytic subunit Y89 PI3K TulsaugiSe PTEN ﬂﬂ%@iyl,?laﬂﬁﬁwmlﬂ (loss
of PTEN) #3eanaiinn1snateiuguesty PTEN vilvilinasienssuiunis apoptosis vilin1sdanig
(adhesion) vesiradanas LAnAMUAnUNATe91993 T Invenead Insdmenduaraifauniz® ville
lupouauniron1sfnuinletalu1dn® nT0g05luu 19U N1TADUAUDIADNITINYIALE
61 trastuzumab TianashugUaguziSass®

TsausSsiiintulusywdvassinsnisussadumudinsnaneiuguasdu PTEN 22 nns

7l PTEN gayidsnisvinnuiinasenisniuauiaastinveseadvifliliarunsadninlfivadidng
N32UIUNIT apoptosis’® N1snaneiuguesdu PTEN dnnululsa autosomal dominant Cowden
syndrome Faazifindnsidssdonsiduuzifaiuuuazuyiiaessioulnsosd ? fUelsa Cowden
syndrome iwavdjefisinsnaneiiuguesdu PTEN Sanmidsaduuzidaduugninginelse Cowden

s

syndrome inandsilaifimsnateiuguesdu PTEN ogralsfnuluusiiafunwuiinisnaneiug
293981 PTEN eesogaz 2-5°*%° 91nn135Anw¥1 polymorphism w8381 PTEN f18735 Polymerase
chain reaction-single strand conformation polymorphism (PCR-SSCP) lainuad1uiaunfus g
single-strand conformation Tushodstuiiound ualuiedsiifunviSaduunuiinuinund

U84 single-strand conformation UagINN13ATIMNITNAYUTVRIEU PTEN f1elT sequencing WU

finsnaneugi exon 2 91 codon 24 Ingwua A Wisuluwa C (A—0) vilinsnesdludsuain
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methionine 1y leusine Tnefidnsinsnateiuganiludovay 2.2 nsnateiuguesdu PTEN 919
Andi exon 57,8 3657 ualuseg e dunsidadunuiaiaeg1slinud n1snateRugvesdy PTEN
Feifunisnaneuguosdu PTEN onvluildanuaudndvitliiinusSadua® ag1alsfiniunis
WasuwUaslusesu epigenetic 1u n15iAn hypermethylation e19vinlifinasad1elusiu PTEN
anasvseiinisvinanelusiu PTEN iindu 91nn1sAnen PTEN promoter methylation fae3a
methylation specific polymerase chain reaction (MSP) wu315eeas 31.1 vaagUaeuzisasnuuny
il PTEN methylation lnefisosas 64.3 suaaﬁliﬂ’mmﬁal,éhuuﬁwuﬁ PTEN methylation awdin1s
gidenisuanseanves PTEN uaziosay 50 veefUaeiilinuiinisuanseanues PTEN (PTEN-
negative) wuil PTEN promoter methylation luaugfisesas 18.5 maaﬁﬂwﬁﬁmmamaaﬂﬂaa
PTEN (PTEN-positive) Wuil PTEN promoter methylation LLaSW‘U’jWL“f:al,?jal,éhumﬂﬂaﬁaeuju'%l,m
Prafesiuiounz5elifl PTEN promoter methylation®® funenis@inw® wuinsesay 34 fUae
uztSadunvile invasive ductal carcinoma wuil PTEN promoter methylation Laz3ouaz 60 183
faenguilifinisuansoanvos PTEN uazdawudnig breast cancer cell lines uagiioidaifiu

68 kil sPTERspromoter methylation ey TunziSaduun s AnTrENasidimatesmetmtaticn 65

mmﬁummawé’ﬂﬁﬁqmaﬁﬂﬁ PTEN fnsvihauiiiaun@luunnninfinainnisnateiuguesdu
INANTATITNITUEABDNUDS PTEN A2878 immunohistochemistry Wuiln1siansaanues
PTEN 71Ut cytoplasm wag nuclei vosiwaaugisumuukazAusasaaduuunid (normal

duct epithelial cells) TnsluwadiinuuunaneguinalndifsstuwaduziSeazny PTEN positive
ynwad wilumogsiiunzidsasnuiadisl PTEN positive wuunszane lae¥esay 57.5 vourte
uziSasnunazinisuanseanves PTEN (PTEN positive)* Tuunenisfinwmuinfesay 96 veiae
ugSauniifinisnduugiagliifinisuansoonues PTEN wazdosay 26.4 veafilrousiiadnuniis
nsuanseenved PTEN aelimanduilug1®® flhefifinsuansoonves PTEN fszeinaiUasnns

v & ¥ o ' . v < o aa
nAULUULINUIUNIT (longer relapse-free survival) Imamwwiu;ﬂqmammmmmm estrogen

1 [l
o A

recepter (ER)-positive waz PTEN-positive azdiszaziiatvasanisnauiduginiuin® TufUieuziss
\F1uniil ER-negative wazil PTEN-negative 9iignsaUannnisnduifusiveslsa (relapse-free
survival) duas TunsdivesflrsusSafunill ER-positive wagld¥unisfnudaesn tamoxifen
aunsaldnisuanseanaas PTEN flanaslumsnennsaidenisissesiaivasnmsnduifiugivedsa
(relapse-free survival) iduas® nsuanseanves PTEN MiiiatuiinavilfwaduziSaduaneuauns
#oen tamoxifen 16ATY Fefufinsusdaduuiinuiinisuansoonsia PTEN uay ER axlissinis
senTAnfiuutu® wardamuinisuanseenves PTEN aiifianismseiudnufusunfeounsidouay
szzvedlsn (pathological stage)® Winfieafun1sfnwves Bose S wazans® finuinfeuusideia
yualnause stage voslsaluszuzaing q aziinisuanseenves PTEN anas uenantudanuinnis
LAAIDONVDY PTEN 9zdn1suanioanlufifniafeiuiun1swLaniaanaad estrogen receptor (ER)
way progesterone receptor (PgR)*?** LAUWNNISANYINUINITUANIDDNTDY PTEN 92iinT50ansaon

(% s

Tufirafenfuiun1suansoonues estrogen receptor ntu* agslsAmulinuarudunus



F¥NINNTHEAAIDBNUBY PTEN AUDIY, menopause, nsnszangluiireniindeuay Her-2/neu™
MnMsAneves Tsutsui S kazane® nuiinsanasweinisuanseonvediusiu PTEN Tutwieusise
wunAndudosay 28 nsanasesnisuanteanvedlusiu PTEN Samuduiusiunisnszanglud
AouLEeq (lymph node metastasis) waliifinuduiusiuruiniouugiss, nuclear grade, MIB-
1 counts %58 p53 protein LLaziuﬁﬂaauzL%ﬂLﬁﬁuu%ﬁm invasive carcinoma expression WULINg
Lanseanved PTEN anadiilawfisufuiiasuzifudunvin carcinoma in situ lnewuinfesas 38
Y3 UrsuziSud1unTila invasive ductal carcinoma #n158Aa3Y03IN15UAAIRNTYBILUTH
PTEN® 91nn15fnw1ved Peter L uazanz™ wudosaz 48 vosdUisuziSaudunsia invasive
ductal carcinoma finsanasveanisuantoanveaslusiu PTEN wazdauay 11 vesfUrsusiSusiuy
%19 ductal carcinoma in situ In15anasU0In1TLaARINTOILUTAY PTEN® 91nn15@An®1v99
Gonzalez-Angulo AM uarauz® wuinSesay 30.4 Vo UreuzS AU (primary tumors) Lainy
n1sUanI0enYes PTEN Foaz 25 vasftnouiiadmuuifinisuninszans (metastases) laifinns
LAAIDDNYBY PTEN N15anadU9n1shansoonvodlusiu PTEN dnnulu stage Il uag stage Il N9
ANAITDINITUANIDRNYOILUTAY PTEN dAuduiusiu aneuploidy® aannisvinnisvnasslunasn
noassiazludninnasuandiiiuiinisanaswes PTEN TuwaduziSadunirlviinisiiuse anti-
HERZ2 antibody, trastuzumab LLaz"Luéﬂaaﬁﬁmmamaaﬂmm Her-2 41ALANNIShENI80N VD
PTEN ffanaznauauastansinudie trastuzumab 1#laif unamsfnunilfifiuinnsgaydonis
wansoanvadlusAu PTEN szuzvedlsa (stage) wag tumor grade fAuduiusiu disease-related
death wagn1saaLdunisuaniaanveslusiu PTEN gursaiungnisnszanglufineniindes
(lymph node metastasis) wazilaanuduiusiu estrogen receptor negative ag19lsinnuiiung
nsAnwmuilutuileuzidaduud PTEN mRNA iindwileflsufiuduioduudng wavnisd
PTEN mRNA fianaslaldvsddednsunsnszanelufiseutinndos®® annisAnuaes Gonzalez-
Angulo AM Waganie*® nullanuuwanaiuresdnyueNIsNaeiugvesdy PIK3CA  n1suandaan
989 PTEN Lazn15uanseanves hormone receptor TungiSa@us (primary tumors) WaguziSai
uiSiNsUNInTEANe (metastases) Yoo Teifeiu Igwfefun1s@nuves Perrone F uas
RIS ﬁwummLmﬂ@haf‘ﬁ’waaé’ﬂwmzmiﬂmaﬂ’uﬁ:maqﬁuijﬂaﬂmﬁaé’ﬂéﬂmjl,l,aﬂﬁmq Tu primary
tumors warfiin1TuNINTEANe (metastases) Y8R Ulu8LAINY Fatunisldnanislaseinig
osuftiAn1slunsidedelunsdidu primary tumor uiiesesinaveslsaluszaruninszansenad
Hastan1sSnwkaznsneInsadlsave Uiy

Tu breast cancer cell line 715l PTEN-negative IzAeUAUBIRBRISUTINIST19TuTD
PI3K/AKT pathways PI3K/AKT (LY294002 ) wazifudironisiiay mTOR (rapamycin, CCI-779,

an ester of rapamycin) 1§#@n1 breast cancer cell line % PTEN-positive &1 mTOR 2zt ¥udil

1%
v v w1

Tasudyadanonsoann PI3K/AKT pathways LazdInuindldugsanisvinaiu mTOR (CC-779,
an ester of rapamycin) @1115ald5n w1 Ursuzi59f1unNd PTEN-negative? Trastuzumab

(Herceptin) W HER2-targeting antibody 18 Usz@nsainlunisinwidUrenizuiilenzi5aiinig
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LAAI8BNTBY HER2 9INN15ANYIVRY Nagata Y wagAne™® wudin1svinauees PTEN faeatiuayu
1591191184 trastuzumab Tun3FuNzise uag trastuzumab awdis PTEN Uy membrane waz
Fiun1sviiauvesdules phosphatase vas PTEN 99nn15vaaasty in vitro 4as in vivo Wu31
wadunSefiinisuansoonues PTEN anasaziesiast trastuzumab wagluftheusSadunilidnig
LANIDDNYDY PTEN a3RoUaUDIReNT3NwIEEN trastuzumab lalsifilleifisugirsusSadundil
msuansepnes PTEN fatunislifinisuanseones PTEN annsalineinsainisiesonissnudae
§1 trastuzumab 8g19lsAnua1sald PI3K inhibitors Tun13¥nuwigUaeilifinisuanieenves
PTEN Fafiumaliiferanissnudneen trastuzumnab wansinnisinwlagld PI3K-targeting @nunsa
TSnuiithefiredenssnuiee trastuzumab esmnlaifinsuanseonues PTEN

PTEN fiunumdrdnyiulugneiidu tumor suppressor MiAatasiunmaiAnuagnisgnas
YoilsANzSe N15uandeanves PTEN awnsalddiglunisnensallsauazneinsainissnwgiaey
uzidaduy msAnwinalniiniugunisuanseanved PTEN n15¥1191u83 PTEN LAz UNUIMYs

PTEN Fadiaudndudvanunsalfidunagnsln o lunisdnwilseuzsawazlsnau o e
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