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Efficacy of Fulvestrant in Metastatic HR+, HER2-low Breast Cancer : An

Observational Retrospective Study

By Tanchanok Ratanajarusiri
Department of Medical Oncology, National Cancer Institute, Department of Medical

Services

Abstract Recently, there is a new type of breast cancer called HER2-low subtype. The
biology and prognosis of this subtype of breast cancer is not well established. The results
of previous studies have been inconsistent. This is the first origin article compare the
difference in the effectiveness of fulvestrant between HER2-negative and HER2-low
breast cancer groups by retrospective study by collecting data on hormone-positive
metastatic breast cancer patients who used fulvestrant at the National Cancer Institute
from December 18, 2018 to June 20, 2024. We compared efficacy between HER2-
negative versus HER2-low groups. The primary end point was Progression Free Survival
(PFS). Survival was analyzed using the Kaplan-Meier (KM) method to compare the
differences in survival curves between the 2 population groups. The statistical tests used
were log-rank test and multivariable Cox regression modeling. Results found a total of
32 patients were included, of which 11 patients (34%) were in the HER2-negative group
and 21 patients (66%) were in the HER2-low group. The median PFS in the HER2-negative
group was 6.4 months (95% Cl 1.16-11.67 months), while the median PFS in the HER2-
low group was 9.2 months (95% Cl 4.63-12.60 months). P=0.0863, which was not
statistically significant. However, when multivariate analysis was used to exclude other
factors that might affect the median PFS, patients in the HER2-low group had a
significantly better median PFS than the HER2-negative group (hazard ratio [HR], 0.34;
95%Cl, 0.13-0.88; P=0.026). The study result showed that metastatic breast cancer
patients who used fulvestrant, the HER2-low group tended to have a longer median PFS
than the HER2-negative group. This study will help us better understand the biology of
HER2-low breast cancer and select the most appropriate medication for treating patients.
However, further studies with a larger population are needed to make more accurate
conclusions. (Thai Cancer J 2024;44:60-70)

Keywords: breast cancer, HER2-low, Fulvestrant
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A dimerisation // \\ FIGURE 1 A schematic
Q) + — 0 _—) 6 [ RNA representation of the action of fulvestrant.
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\
A y function 2; ER, estrogen receptor; ERE,
AF1 AF1 + AF2 Coa(:ic\’lator S estrogen receptor response .element;- F, .
INACTIVE recruitment fulvestrant; RNA POL II, ribonucleic acid
polymerase II. Adapted from Boer, Ther.
No transeription Adv. Med. Oncol. 2017;9(7)465-479*

JUT 1 nalnmseangnisvesenlanawnsun

o w a

uzisainunriingesluuiuuin uwavigesyduavdmdrdaaiufununeds wunisdoudn
MsulealnsuiAwead 1%-100% fodndasuealasauduuin wasnisdoudifuigesyiinawas 0
way 1+ viiedoudisugesyiuead 2+ 59uiunsa In Situ Hybridization (ISH test) 1lunaau F9as
A o Vi 3 < ! = [ E 1 1 < ¥ a ! = a
gudulainieesniduau udlue 1-2 Yndawnil ladnsudwendesuzisuduuvilalnidesnudnvile

wila 991 NquLgasYAN (HER2-low)? A3uMNNeved HER2 low A daudisuigesyinuwasnuilu

62



NCl a a 2 v i a <, s o o as
P ‘Uizﬁ‘i’lﬁﬂ’]w’uaﬂEJ’]anL’JﬁLLVﬁuVﬂuu%Lﬂmeﬁw%LLWiﬂi&’mﬂ%u@ﬁ@ﬁuuLUUU’m LFIBINAN UNUYUN IAUDIIAT

1+ %38 2+ 33U In Situ Hybridization (ISH test) {Wunaau FududUrenguilaziioinlunguieesy
Juau warlildsunisshwmeeidnueesy mnnuidenedinvessamataung unnnuinuess
wnungugesyatonvsznulaludndiufisiesas 45-55° vesUrsusiiausiunianuniasiivies
1 Y < £4 ! s o @A v 4 s Y oA
AauitaulavesUisnsisaduunguigasyiinaenisideduigasyiilna A Trastuzumab
Deruxtecan (TDXd) Tun1s$nwuzieanguil Falsuszdnsnimnissnwaninenadundauuunad
M1UTaYaIINNTSANYINITEIN DESTINY-Breast 04° umagntlsinuludagiusdaiifoyaifeaiu
uzSusuNnguEese Asudesdin Meluiinisnensallsa nsandulse wasnismouauesionts
$nw1 59uv3e7 Trastuzumab Deruxtecan (TDXd) fids1ange gheduannldaunsadifeenla 3
Jununvesmsvinisfinwisesss@vinmvaseanaunsuiluuziaiuussezunsnszanevin
o & s o R a = Y = ¥ i s o
gosluuduuin wasysluaseiliieldlunisiansanidennmsshwnmunzalugUisnguigasymi
soluluawian
nslderanawIuiuuInNInsgIu 500 un. aniatunanuiiletuiui 0, 14, 28 wasyn 9
28 Fu UNI19¥iN1399eN (disease progression) WU AdeyauanauITenyedn CONFIRM® fifnw
Wiguileudszavzainvesenaiaunsuviviung 500 un. ieudu 250 un. Tuftieusisusuusie
goslumduuin wesyduauszerunsnsznenunUszinfound uazinglasunissnwmeesidiu
o A A ! i A v vo ¢ = = v
gosluuviinduuiney wuin nqudtenlasueyanawnsuivuin 500 un. szesiiainaulsala

(progression free survival; PFS) tade 6.5 wiou Weuiuduienlasueiianawnsunauia 250 un.

Y

aa =

fiszznafiaulsalawge 5.4 weu Jwandiusgaddudrryneadn Jadunuvenisldeva

¢ a ¥ £4 & < [ Y1 < v
NaLMIEiYuIa 500 un. dardinanantaiduruiauiasgiulunisinugiisusiSadiuussey
WWINTEANY

nmsfinwisesgufnsaliasnmsneinsallsavesiasesydn ludiisussasungieds
= s a a (% a o L5
IundlagauzunemansINsUR wninerdeuiing loludnaueluamesliuaulseyu ESMO
2023 \oTuil 20-24 fanAu 2566 o4 WiBwesa Useinai wudl 9Innssausaniiisussaiuy

Y1eLTeianun 8,633 au wudn Wuiagesya fesay 21 uwavszezian1siTInseatunguiae

o <,

\gesnen dszerianaie 41 Wweu (26-56 Weu) Wiguriu 23 wiew (19-27 wisw) TunduiUeeesyidy

Y

au lnefifteeesyluaunuldsenas 50 vesthenssasnuummualuns@ny i
dy ¥ = L4 1 ¥ a a 6"
wonanilainisnererudnwinisldnguenduleadudnuiausilaiua 4/6 (COK 4/6
Inhibitor) AilgsuAunguesuezlsung (aromatase inhibitors) Fudugngnsuinsgiudmiunis

Snwvuiuusnlunzsaiuuszezunsnszatesdagesluuduuin wwesyluau efnwinis

'
o

wensallsaleuiisuludienguisesnavnasigasyen Mlasunisshuimeeiduleadusmunun

lawua 4/6 Taufunguendueslsunng wudl wiagn1snyInuRaa wsNuane13iu (inconsistent)®?

wagslinunsAnwidssuisulunquidneldeyanaunsuiaunneu

63



MCl  sanslsrussa U 44 aUuN 2 WeuneL-2enaw 2567

a v v

saziulainlulagiunddeyanertunissnvussaiunsingesymaeudates uas

Y

=

filiireeiinmugenndesiuiin nsvihnsnwiieriugiisuziasuneiagesys Jadufiiauls

o A d‘ v a a

sunedaldinsideiefnvufeiuussdniamveseanawnsud Jelddueivuunaaddungy

&

AUregesyatsanu tutdagiueieg N9 q Miduernldreudrsunsvane nlulssinalveuay
Asdsenenalan
o ad
Yaauazasnis
= dy [ = a o [ (% . . a a2 [

NIIANYIULTUNITANYILTIALNABBUNRY (observational retrospective study) kNUYDYa

TugihsuziSasuuszesunsnszaesiiagesluuuin wesnau (mumdeniy) Alasunissnesie
¢ & A 9 < i a I = i s i

grylanawnsuiilugfesluanduusSurand lngasuiady 2 nquAe naugasnay wazngy
Lgasyan (Murileulv)

naginsAmdeneaaiasid13auniside (inclusion criteria) Ao §UrsuziSuiuuszey
wnsnszanevdngesiuuuin wgesyau (Mumdenuiv) Alasunisshwimesinanawnsui uen
WPE7 YUIANIAEIY 500 1n. davnstunanuileluiun 0, 14, 28 wazyn 9 28 Ju Nlasunissnwiy

[ 1 Ly I3 1 a =] aa a a = 3 =
granaluantunzsaiend Inelinan1snsianemesine) nanvaduylugalaailisesy 0 e
1+ viselunsdinansaaduyludalawndidu 2+ desdinnsnsraduduna 1SH 1Uuau lnenan1snsiaae
JuvesaaTuuziSauisndes nisnansraniesuiRnisneueniilasunisiusesnasgiuile
wariinanisusziliunsnevaussrensinvidussezlaeldnmssdidady inasinsdneendidisu
15398 (exclusion criteria) A9 LITNANTIININEITINGT, NAATIINNEITINGT N9 buanITY
USWNIR AuransIanesuuiRnisneueniinadaudeiu wseldsveanawnsuiauiall
asafurunuasgIuvsebinindveddulunsinwuzsuiunssesunsnszate laefienand
¢ a = & av Yo v 3 ] a v

wnsud Alglun1sfnenil 1Wuenlasunisiusesnnasdnisemisuasenlng Nestdasuwuukay

andly MldluandunsiSauiawnd lneidndrenudnsnissnwivestieusassie vislenazlisunis

A ! a

LﬁU%ﬂH’]E}EJ’NL%Zﬂ%ﬂ@J o Noaunndl 2-8 esrwalfed waglilauuas

9 U

(%
(% |

Sutiudeyadounds Awusiui 18 suaimu 2561 - 20 fquieu 2567 WWuszeziian 5T 6
A 1% [ 7 Id 1 P~ 1 4 1d I~ a a = 1 1
Wwau udmusUaseanidu 2 nqu fie naugesyluau AenanTivduyludalaniiieesy 0 wavnqu

s o & a a & a ] v a ) I3

\gosyan AonansIaduylugalaniilu 1+ vise 2+ Suiuiinisnsiaduduna ISH 1Wuay

Primary outcome #a sz8u13a171AulsAlA (progression free survival; PFS) Aotiatiaeiaus
SUNSSNWIRIgEINAnAWTUNIUINTAREN (disease progression) UsaLdedInMEaMALA 9 N3
Ipzideyauazain TinseidoyaiugiuveiUin sevuludiuim Souay Annde wazandsegu
asgvdeyalnuain 14 Chi-square n39 fisher exact test, time to event analysis 19U
'ﬁzazna’lﬂ@uiiﬂiﬁ (progression free survival; PFS) s1891ulagld Kaplan-Meier (KM) method

WIHUWIEUAMUUANENUDY survival curve seninedseanns 2 nau Tsmsvnaeunneada logrank test

64



A4

NCl

o Uisﬁw%mwsuaqsn'vv\lanaumuﬂumL%qLﬁwummLLwﬁﬂizma"uﬁﬂaaﬁuuLﬂumﬂ GRE e Unyun S9UIIAS

and multivariable Cox regression modeling IngayiitiudAynvata As P-value < 0.05

Aewsuitnsiivdeya Tasesnaddelaniunisiiansanainauznssuniside aoiusss

WIATIR LaAnNIsUNIsesTsuNTITeluyed aodunsSwinfiduniteuiosudn

dlanzifushunssazunsnszay

sliazasluuuan wasnau @xdrilanai)

4

Gultanjanawsuimaderiling

4

Aftin

\@afay

(IHC 0)

Y

IHC 2+ anriu ISH au

e .
B2

IHC 1+ %39

srazoanfiguisald

(Progression Free Survival)

v

Ussdiunrsnauauastaafitiadunaincust RECIST version 1.1

WIANNAITUS

>
tithadin1sfiann (Disease Progression) wWia@uiinduauvala

JUN 2 nnaulasen sty

65




MCl  sanslsrussa U 44 aUuN 2 WeuneL-2enaw 2567

HaN1SANEN

nnsiuteyadUisussuiuuszesunsnszeiingesluuuin wesyau (muleudu)
flFsunsinunesanaunswiusuud 2 Tuantuuzdudend fuiuil 18 Suneu 2561
~ 20 figuig 2567 Tanduszeziaan 5.5 U wui SfUeildeanawsui suteusddngn
Sruuiadu 32 au wuth SUefifiosann (progression) kdswL 29 AU wawiifiheiidinmevauas
soeneg 3 au lnowuidunguisedyau s1um 11 au Andudosay 30 wazngueesyi 21 au Aady
Sovay 66 angisaguTBUsEIINITIMMA 63 U (agfsewine 41-88 T) Inenduisesvau engsisegu
66 T (oej5zming 41-82 ¥) dhunguisesyiiiengsisogmu 63 U (egszming 50-88 T) annizinameves
Qjﬂw LUIRIUAZLUY ECOG (eastern cooperative oncology group score) ﬂﬂw 31 AU HAUUY
ECOG 0-1 fiffthedins 1 au filazuuu ECOG 2 Tasdtheseiifufihnonduisesym uonainiids
Lw'aéﬂaaaaﬂmmamié’famhlsﬁu%ﬁm?iuqﬁﬁamaa‘ 19U A5ULeElNILaU (estrogen receptor, ER),
fsulusiaamelsu (progesterone receptor, PR) saufiaiale 67 (Ki67) MNMIEUNATULEeRY (s

N
#1519 1

15799 1 Wisulsudnuaeiilurestieseninamay

o b %
AMUIU (5088%)

anwoe fuasianun (n=32) nqueasyau (n=11) nquisasyin (n=21)

91eisagu (V) 63 66 63
(439918, V) (88-41) (82-41) (88-50)
dn11¢319n18 (ECOG)

- 10 31 (8-96) 11 (100) 20 (95)

- 2 1(3.2) 0 (0) 1(5)
fa5uledlnslau (Estrogen Receptor, Sa8az)

- < 3evag 50 7(21.8) 3(27) 4.(19)

- > Seway 50 25 (78.2) 8 (73) 17 (81)

fasulustaanalsy (Progesterone Receptor, fouaz)

- au (negative) 4(12.5) 0 (0) 4(19)

- u3n (positive) 28 (87.5) 11 (100) 17 (81)
sfu Ki67 (Sawag)

- < 3ewaz 20 14 (43.7) 4 (36.3) 10 (47.6)

- > Sowaz 20 18 (56.3) 7(63.7) 11 (52.4)
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Weliasenisreslaa1niaulsala (median progression free survival; mPFS) naueesyau i
median PFS 71 6.4 \iiou (95% Cl 1.16-11.67 \fiou) luvnefinguiaasyanil median PFS 9.2 oy

(95% CI 4.63-12.60 1fiau) A1 P=0.0863 Ssliunnsnafiueenafidudfaynieada (Fasud 3)

Y

Kaplan-Meier survival estimates

o
o
e

No. of Patients median PFS (95% Cl) months
rLE).. HER2 negative 11 6.4 (95% Cl 1.16-11.67)
o HER2 low 21 9.2 (95% Cl 4.63-12.60)

P=0.0863
o
ol
o
o)
N
S I]_L‘
S | I
o
= I | T T T
0 10 20 30 40
months
HER2 negative ——— HER?2 low

gﬂﬁ 3 Kaplan-Meier survival analyses with log-rank test for progression-free survival

Wieldnseserinndiwds (multivariate analysis) iivesindadelundvas 81y an1izsenie

w835 U8 Aasulealnsiau (estrogen receptor, ER), A5UlUsIaaWmal5U (progesterone receptor,

IS I

PR) s2ufiale 67 (Ki67) flo1aiinasie median PFS sanly Usingirfiaenguisesysntu & mpFs

frninguisesynavetsiifodAan1sadi (hazard ratio [HR], 0.34; 95%Cl, 0.13-0.88 ; P=0.026)

L% a (84 v I g a
PRMITNLEANNITIATIZAVBYALUUMILU TR LEE N AR ILUT (AN 2)
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mi’mﬁ 2 Univariate and multivariate analysis for progression free survival
Univariate Multivariate
Factors n HR 95% Cl  P-value HR 95% ClI  P-value
- HER2 neg 11 0.49  0.21-1.12 0.093 0.34 0.13-0.88 0.026
- HER2 low 21
Age 32 1.01  0.98-1.04 0.396 1.02 0.98-1.06 0.314
ECOG
-0-1 31 0.79  0.38-1.67 0.552 1.09 0.42-2.89 0.850
-2 1
Estrogen Receptor (%)
- < 50% 7 1.05 0.39-2.78 0.923 1.93 0.56-6.65 0.297
- > 50% 25
Progesterone Receptor (%)
- Negative a4 0.89 0.30-2.62 0.842 0.98 0.21-4.49 0.979
- Positive 28
Ki67 IHC (%)
- < 20% 14 1.68  0.77-3.69 0.194 2.22 0.67-7.38 0.193
- > 20% 18
uniasal

o

2 v I3 & a & o o v Y] aa |
wzisaiuudunssadulymdrfgnisenuaisisaaunilan Tinenisiug o lunsinw

< a

uziSwilaiiintuegssailior lnalamensuiisisudunoenidusiialvi feo slagesne 9
fudunsidsunlainddyy wilulagiudadideyaierduuzsaduusiagesyaliuintn was
v v oy = i @V 1 1 v = & A ° = N Y D
Toyanlaainn1sfinuinig o Aliaeandesiu Jaudununlunisvinisfinyufetunisldeylaia
¢ @ & v ] a 5 = = = v
wnsud lunmsShwusisaduussesunsnszangyingesluuuin wWisuieussesiiarnnulsale
FENINNGUTDSYAULAZITRSYAN TRINNTTIVTINTANWITLALITRY lnudndinisfinyiitenay
Aauiunnew Tusiesn1sfinwTeuiieuluenguiuleafuimuauilaiua 4/6 (COK 4/6
Inhibitors) Wity wenaninssIuniugUiendundnwlunsinuil Yssuinsiianalndifgaiuinn
e, n1gAsiiusediau, ECOG performance status, ¥linvedlsaugiss, szovaaalsaugtss
& = o 19 J ' [ 1 [ L o/ v ®
sumeuazvafllunmsnuwime uiegelsini widnsiiusunugiisdoundalussesiin

8 ®

= P~ I v o & d' I3 o oA o Y Aav =
194554 ﬂLﬂUijUﬁ?ﬂJﬁjﬂ?Ul@%Qﬁu 32 AU NATIRULNUNNITAALADNDIAIFUATLUIIIUNITIVY U

68



NCl a a 2 v i a <, s o o as
P ‘Uizﬁ‘i’lﬁﬂ’]w’uaﬂEJ’]anL’JﬁLLVﬁuVﬂuu%Lﬂmeﬁw%LLWiﬂi&’mﬂ%u@ﬁ@ﬁuuLUUU’m LFIBINAN UNUYUN IAUDIIAT

= qy < = v % . . = Y o a L4
ns@Enuntiidun1sAnerdounas (observational retrospective study) 3elainn193tATIERRARIL

I3 a A & v Y v & = & Al ! s o « v
mmLﬂuaswmm’mmmaaﬂalm Imwaawamﬂmsmmuwmwsﬂﬂ’mﬂqmaasmﬂm Huualidy mPFS

o w a

Peuuningueesnau winlaesiuaglivnnsniuegrefitedAyn1eadii widiednseiuuuny
o . . . v & ! v X 2 e a v v

AU (multivariate analysis) udainuAUuanaegdaruiy Fidululuiumaieiuteya
INAULLINVEATEATTINBUR urInedeuding MiudeyalugUlsrniededuiuuin wainuii

[y

nAuEesYANLlsrYzaINTITINTENY I UIUNTINGUTR SYa UL ULAL U Faurasweuanuualdy

aa X i § 6 1A ] 3 v o = S & o
YoesrerIaINssentintuUlengueasyiiinanitngueesyauls dalunaanmsfnumidadudiy
Hreuentaderitung (predictive factors) veseaiaunsuilunisinwilsanziiaduuld was
anvaziludnsdenideninuussaiunegrumnganundusely wiegelsinudninisfinm

solulusuian AmsApiuIILINYSEINSIUNISANYTRLNNTUB LN Sl ana kLU uNE 9T

unasy

[

nMsfnwinuigtisnziiaiunssezunsnszaeildenanawnsuity nquifieesy

Y

° a v a cs' Y ! ! ¢ = = & | v v A a
GnllLLU?IU@JV]QSN?SEJSL']'ﬁ’W]@llIiﬂvL@Sqﬁquﬂ?Wﬂ@MLaaiﬂua‘U %ﬂmiﬂﬂw’mﬁ]%mﬂmiﬁL"Uﬂﬁ]sdn“l/lEJ’]

(biology) vesuzisusuuviagesnilangdu saumsaunsadonldenlunsshwidUlsuzsadum

Y
YRATLDYNUIZANNINTUDNAIY WANIRNIUUAIADITNSANW I ALLRNIA8 TN UIUUTEBINTUINTU

[
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[

nUszasdLiieUszfiunan A diuanuigrmansumduuuysannsdmiuiiiousiss
Yo3an T uNz 5wt A tneuszendlduuusiass CIPP Model was Stufflebeam mu 4
p3AUsENOU Am UTUN Uadutiindl Nsguiums wasnaans nauiieg1ausenausiy 3 nay
Ao Juivsantuuzsuniend 3 au Jliusn1sveanddndyInansunnguuuysanis

v Y

13 AU wazdUieuet5alisuusnsigemanisunmg 104 au wn3esdionldluniside loun

(%
Y a

1) WUUFUNIHAIAIUAILADAAABIUIUTUNTIUNITIAAIABTNAYTINIINITUNNE

2 3

2) wuugsuauemasissvesladuidlunsndmaindyrmensumdsnilaseedng
JEUU UATYARINT 3) WUUaaunIuAuianalaneusn1saddndyyinianisunng wag
4) LUUUTELIUAINTULSTITDID1N15 (Edmonton Symptom Assessment Scale: ESAS)
wdesiledduil 1-3 Hiunisnsraasulnegnseqyd 3 vivu ldA1AuLisansaves
wuvUasunu (Index of item objective congruence: 10C) atufl 1-3 wihiu 0.73, 0.81 uag
0.78 MUAWU IinTendeyailelsinumigaifiidmssauiiaznsilsuiisudeyasieaii
Wilcoxon signed-rank test luiFasvasdayanmnin ldmsiinseiiduiemlnefuteya
sewinedudl 1 w2564 f3 31 natA 2565 HaMFITEFLUTUN fuTnsvesaniliy
WS IWIAY R :ﬁmmLﬁuﬁaamﬁm&gaﬂﬁﬁﬂﬁ’aymmqmmwméuwgim n1sdmsugUae
uz\5e ImnuaenndesiuulovisuazuTunvesanitunziiuisnd TasiamziTeansiam
aadmuslunisguadUasuzse dudadeind wui Senumnzanvesdadendilunis
FiuaunLLLIN NS IndanATn s M1 TUIMELULYTANNTTa SN SUNSUNTS WU
fanumnzaulusgdunnii 3 ssddsznau dun esdusznavvaslassaing (4.66+0.36)
STUUUINNT (4.56+0.46) WazyAaIng (4.73x0.41) Munszuiunis nuin flisusssiiunsu
Uinsvesaatindanuianaladeuin1sluninsiuseauaunn (4.63+0.32) azaUHAANS
wuin Aeunazndansliigrmanisunme fUieuzialaziuuiedsvesenisuin ueulsl

AU hagdnnina wanasiued wiitiedAgnsana (P<0.001, P<0.001 waz P<0.05 ML)
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o
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2015AAAIUNISNEIUTE AT UNLS IR
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Evaluation of the Integrative Medical Cannabis Clinic for Cancer Patients

at National Cancer Institute

By Niramon Pojdoung’, Udomporn Suankwan', Buphachat Khunin? Anchalee Sukkung®
Innovative and Integrative Cancer Clinic, National Cancer Institute, “Nursing Cluster,
National Cancer Institute, *Nursing section of promoting quality of life, National Cancer
Institute

Abstract This evaluation research aimed to evaluate the success of the integrative medical
cannabis clinic at National Cancer Institute. The evaluation model used Stufflebeam’s
CIPP Model framed within context, input, process and product. The population in this
study included 3 groups are: 3 hospital administrators, 13 health care staffs who work at
cannabis clinic and 104 cancer patients who receiving medical cannabis. The instruments
for data collection consisted of 4 set of questionnaires: 1) Opinion about the overall
goals or mission 2) Resources about strategies for implementation including structure,
system and staff 3) The cancer patient’ satisfaction with the service of clinic 4) Edmonton
Symptom Assessment Scale (ESAS). The content validity of questionnaires at the
number 1-3 was measured by item-objective congruence index (I0C) yielding a value
of 0.73, 0.81 and 0.78 respectively. Quantitative data were analyzed using descriptive
statistics, Wilcoxon signed-rank test and qualitative data were analyzed using content
analysis. Data were collected during 1 April 2021 to 31 October 2022. The results
indicated that for context, the hospital administrators indicated the integrative medical
cannabis clinic at NCl was more correspond, especially improving knowledge in cancer
care. For input, most of health care staffs gave its appropriateness at high level of
structure, system and staff. For process, the satisfaction of cancer patients toward the
service of medical cannabis clinic was at a high level. For outcome, after medical
cannabis treatment, cancer patients had significantly lower mean scores of pain,
insomnia and anxiety levels compared before (P<0.001, P<0.001 and P<0.05,
respectively). Side effects were reported by 24.8% of patients, with dry-mouth. The
integrative medical cannabis clinic can improve access to complementary treatment
option in patients with cancer. Medicinal cannabis can safely relieve cancer symptoms.
(Thai Cancer J 2024;44:71-82)

Keywords: medical cannabis clinic, National Cancer Institute, cancer patients
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pg TS LATATOUARN MNVANFILATAMA NN TR RLTENIsswmE Teun Aaeduld
andeun1neidvatn (chemotherapy induced nausea and vomniting) Tspaudniisnwienn waslse
audniinenoensnw (intractable epilepsy) n1azndnailonainss (spasticity) lugUlelsavaen
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doemnsludvae ADS Afid vindades nsfiuamnimdinludviedléfunisquanuy
UszAuUseos aﬁﬂ%aﬂq%ﬁaﬂdw’;ﬁﬂﬁﬁﬂwmﬁalﬂuﬂfjmLﬂ’mmaﬁﬂﬁmmaaﬂqiLﬂﬂﬁqﬁ@%ﬁmwa
NwNmE? aaTunziSiann® nsun1sunnd nsznsvasisage suueuninelifinisaidunuy
ﬂaﬁﬂﬁ’agmmmm,l,wwémﬁy’qLwi WE18U 2563 Banannislun19119u 3 Usens Ae Uaoaduse
{038 (do no harm) {WuuslenisiadUae (patient benefit) waglifinauszleoviuauurs (no hidden
agenda) iuuinisluguuuufive’ Snsdddmsatatgumamsunmdlasuutiagtumiidy deun
nsunswnndlafivleviglinursauludiindandindyymisnisunnduuuysannis Wunis
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Survival of Thai Metastasis Cholangiocarcinoma Patients Treated with

Chemotherapy, Targeted Therapy or Immunotherapy
By Shama Sukprakun?, Nutthada Areepium?, Chidchanok Rungruang?

!Department of Pharmacy, King Chulalongkorn Memorial Hospital
“Department of Pharmacy Practice, Faculty of Pharmaceutical Sciences,

Chulalongkorn University

Abstract Cholangiocarcinoma is a type of cancer which incidence and mortality
worldwide are increasing every year. The world’s highest incidence of bile duct cancer
is found in Thailand. Chemotherapy is the primary treatment choice at the moment.
The first line treatment is the cisplatin/gemcitabine combination. Additionally, targeted
therapy may be used. However, there is a lack of information regarding the efficacy
and safety of chemotherapy, targeted therapy or immunotherapy in Thai patients with
advanced cholangiocarcinoma. The purpose of the research was to study the
effectiveness and safety of using chemotherapy and/or targeted drugs in the treatment
of advanced cholangiocarcinoma in Thai patients. This is a descriptive retrospective
study that collected data from medical records of patients at King Chulalongkorn
Memorial Hospital, from January 1, 2015, to December 31, 2021. Sixty seven patients
met the eligible criteria, most patients were male (62.69) with an average age of
63.07+9.30 years. For effectiveness, the median progression-free survival was 9 months
(95% Cl, 6.7-11.2), and the median overall survival was 14 months (95% Cl, 11.0-16.9).
Adverse events for cisplatin/ gemcitabine were reported in 57 out of 59 patients, and
the most common adverse events were nausea/vomiting in 57 cases (99.6, constipation
in 39 cases (66.1%), and diarrhea in 33 cases (55.9%). The median overall survival of
cholangiocarcinoma patients receiving chemotherapy and/ or targeted therapy was
higher when compared to previous studies. The median progression-free survival was
comparable. However, Thai patients experienced more adverse events. (Thai Cancer J
2024,;44:83-94)

Keywords: advanced cholangiocarcinoma, overall survival, progression-free survival,

adverse events
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Patients with Colorectal Cancer and Anastomosis leakage After Surgery:

Cases Report

By Sangrung Sukjiratawee

Division of Inpatient nursing, National Cancer Institute, Bangkok, Thailand

Abstract This report presents a study of patients who have undergone surgery for
colorectal cancer and experienced anastomosis leakage. This study aims to analyze
the health issues these patients face and provide guidelines for nursing care and
evaluate of patients with colorectal cancer and anastomosis leakage following surgery.
Method out of the seven colorectal cancer patients who had postoperative
anastomosis leakage between 2020-2022, only four were selected based on specific
criteria. These four patients were chosen for further analysis or treatment. Result after
surgery, the possibility of joint leaks depends on several patient factors, including age,
gender, malnutrition, and a history of smoking or drinking. Additionally, factors such as
lengthy surgery time and blood loss during surgery cannot be altered. Nonetheless, early
evaluation is crucial to prevent severe complications. (Thai Cancer J 2024;44:95-104)

Keyword: colorectal cancer, surgery, anastomosis leakage
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Nursing Care of Patients with Chemotherapy Extravasation

By Preeyaporn Rattanakeeree, Thanatchaporn Samkesorn

Golden Jubilee Medical Center, Faculty of Medicine, Siriraj Hospital

Abstract Chemotherapy is a type of cancer treatment that uses chemicals to kill cancer
cells throughout the body. The major complication of intravenous chemotherapy
administration is the extravasation of chemotherapy into the surrounding tissues where
the chemotherapy drugs were administered. Extravasation can cause pain,
inflammation, tissue damage and necrosis. The severity of tissue injury is dependent
on the type and concentrations of chemotherapy drugs causing the patient to be
admitted to the hospital for a longer period of time and increase medical expenses.
Therefore, nurses play an important role in the assessment, prevention and nursing
management for chemotherapy extravasation. Nurses need to have knowledge, skills
and experience in caring for patients. The objective of this article is a guideline for
nursing care and management of chemotherapy for the safe administration of
chemotherapy to patients. (Thai Cancer J 2024;44:105-117)

Keywords: chemotherapy extravasation, chemotherapy drug, nursing, prevention
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Comprehensive Strategies to Mitigate PM 2.5-Induced Lung Cancer
and Address Public Health Challenges

By Nichapa Bunditmahakul and Pabhada Sukrangson

Triam Udom Suksa School.

Abstract Particulate matter (PM2.5) pollution poses a significant global health challenge,
linked to adverse respiratory outcomes and increased lung cancer mortality. Although
researchers widely acknowledge this association, they have limited understanding of how
PM2.5 concentration and socioeconomic factors influence the spatial dynamics of lung cancer
incidence. Research in eastern China and Brazil highlights the correlation between PM2.5
exposure, education levels and heightened cancer mortality risk. However, clear strategies to
prevent lung cancer caused by PM2.5 are still lacking and require a thorough synthesis of
evidence. Effective management and prevention of PM2.5-induced lung cancer require a
holistic approach, encompassing health education, personalized symptom management,
regular monitoring, smoking cessation support, environmental modifications, comprehensive
care coordination and public health advocacy. By implementing these evidence-based
strategies, healthcare providers can mitigate the adverse health effects of PM2.5 pollution and
promote respiratory health globally. In conclusion, addressing PM2.5 pollution and its
association with lung cancer mortality demands a multifaceted approach, emphasizing
collaboration and evidence-based interventions to improve public health outcomes.

(Thai Cancer J 2024;44:118-130)

Keywords: air pollution, indoor environmental exposure, lung cancer, particulate matter

pollution, respiratory tract diseases
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Introduction

Particulate matter (PM2.5) is a concerning airborne pollutant sourced from various
activities like construction, agriculture and industry posing substantial risks to both public
health and the environment'?. Its association with lung cancer, a prominent cause of global
cancer-related deaths, highlights the critical need to address PM2.5 pollution®. According to
the evidence, air PM2.5 is a significant contributor to lung cancer mortality worldwide raising
global concern. However, there remains a limited understanding of the spatial dynamics of
lung cancer incidence (LCl) and how socioeconomic factors and climate zones influence the
relationship between PM2.5 and LCI°. The study by Guo and colleagues® explained that PM2.5
is a leading cause of lung cancer mortality. Spatial analysis reveals hot spots of lung cancer
incidence mainly in eastern China with factors such as PM2.5 concentration and education
levels showing significant effects. These findings inform targeted prevention and control
strategies for lung cancer and related epidemics. This is consistent with the research of Yu and
colleagues® showing that long-term exposure to PM2.5 significantly increases the risk of
mortality for various cancer types including oral, lung and prostate cancer among others.
Researchers observed this association across 5,565 municipalities in Brazil and identified no
safe level of PM2.5 exposure for cancer mortality. These findings underscore the urgent need
for mitigating air pollution to reduce cancer-related deaths. On the other hand, there are no
clear practical methods recommended for preventing PM2.5-induced lung cancer. Currently,
only general suggestions exist for minimizing exposure such as wearing masks and using air
filtration systems. Therefore, there is a need for evidence synthesis to identify effective
prevention methods. The objective of this review is to examine the association between PM2.5
pollution and lung cancer mortality, focusing on spatial dynamics and prevention strategies.
It aims to assess global evidence and identify gaps to inform more effective prevention
methods. Impacts of PM2.5 on lung health and its role in lung cancer development.

Exposure to PM2.5 significantly impacts lung health, exacerbating respiratory conditions
and posing substantial risks to respiratory function. In animal studies, PM2.5 particles have
been shown to deeply penetrate the respiratory system, inducing oxidative stress and
inflammation, resulting in cellular dysfunction and tissue damage®®. Prolonged exposure to
PM2.5 has been associated with accelerated lung cancer progression, primarily through
mechanisms involving DNA damage and chronic inflammation®. Mitigating PM2.5 exposure is
crucial for preventing the development and progression of respiratory diseases, including lung

cancer and improving overall public health outcomes. PM2.5 exposure initiates lung cancer
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by directly damaging DNA in lung cells, while oxidative stress and inflammation exacerbate
DNA mutations, promoting cancer initiation and progression®*2. Chronic inflammation induced
by PM2.5 creates a pro-tumorigenic microenvironment in the lungs, facilitating tumor growth,
angiogenesis and metastasis and suppressing immune surveillance mechanisms®*2,

A human epidemiological study conducted in China observed 844 incident cases of
lung cancer and 701 lung cancer-related deaths during the follow-up period'?. The study
revealed nonlinear exposure-response curves for both lung cancer incidence and mortality
associated with PM2.5 exposure. Upon adjusting for confounding factors, individuals exposed
to higher PM2.5 quintiles demonstrated significantly elevated risks for both lung cancer
incidence (HR range: 1.44-2.45, 95% Cl) and mortality (HR range: 1.83-2.95, 95% CI)*.
The evidence from Thailand highlights the significant concern of PM2.5 and PM10 pollutants
in upper northern Thailand. A retrospective cohort study involving 9,820 lung cancer patients
diagnosed from 2003 to 2018, utilizing data from the Chiang Mai Cancer Registry, revealed a
mortality rate of 68.2 per 100 persons per year of follow-up. Cox proportional hazard models
identified associations between mortality risk and various factors. Additionally, factors consist
of gender, age, cancer stage, smoking history, alcohol-use history, calendar year of enrollment
and time-updated PM2.5, PM10, NO, and O; concentrations. Multivariate analysis indicated
independent associations between the risk of death and factors such as gender, age, cancer
stage, the calendar year of enrollment and fluctuating residential PM2.5 concentrations.
Researchers observed higher survival probabilities with lower annually averaged PM2.5 and
PM10 concentrations. They advise lung cancer patients living in areas with high pollutant levels
to minimize their exposure to these pollutants to improve survival rates, as elevated levels
of PM2.5 and PM10 are associated with increased mortality risk.’> In addition, we conducted
a search of medical evidence and found results that demonstrate the association between

PM2.5 exposure and lung cancer as shown in Table 1.

Table 1 Association between PM2.5 exposure and lung cancer in recent studies'*
Study, year Primary outcome RR (95% CI)
Yue, et al., 2020 Lung cancer 1.12 (1.07,1.16)
Chen, et al,, 2021 The number of hospitalizations 1.10 (1.05,1.16)
Bouchriti, et al., 2023 Short term mortality 1.01 (1.00,1.02)
Long term mortality 1.16 (1.10,1.22)
Long term morbidity 1.23 (1.12,1.37)
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Table 1 summarizes findings from epidemiological studies investigating the relationship
between PM2.5 exposure and various health outcomes. Yue et al. (2020) observed a 12%
increased risk of lung cancer (RR: 1.12, 95% Cl: 1.07-1.16) with PM2.5 exposure. Chen et al.
(2021) found a 10% higher risk of respiratory-related hospitalizations (RR: 1.10, 95% Cl: 1.05-
1.16). Bouchriti et al. (2023) reported significant associations between PM2.5 exposure and
short-term mortality (RR: 1.01, 95% Cl: 1.00-1.02), long-term mortality (RR: 1.16, 95% Cl: 1.10-1.22)
and long-term morbidity (RR: 1.23, 95% Cl: 1.12-1.37). These findings underscore the adverse
health impacts of PM2.5 exposure including increased risks of lung cancer incidence,
respiratory hospitalizations, mortality and morbidity, emphasizing the urgency of mitigating
PM2.5 pollution to safeguard public health. In clinical practice, the data from Table 1 can be
generalized to inform patient care and public health interventions. For example, clinicians can
use this information to educate patients about the risks associated with PM2.5 exposure and
advise them on ways to minimize their exposure, such as staying indoors during periods of
high pollution, using air purifiers and wearing masks when outdoors in polluted areas.
Additionally, healthcare providers can advocate for policies aimed at reducing PM2.5 pollution
on a larger scale, such as stricter regulations on emissions from vehicles and industrial sources.
By integrating this evidence into clinical practice, healthcare professionals can help mitigate

the adverse health effects of PM2.5 pollution and improve patient outcomes.

Table 2 Summary of epidemiological studies on incidence rates

Study Study
Reference Study type Study Incidence

country period
California, USA  McDonnell et al. 2000%" 1977-1992 Cohort AHSMOG 0.0034
United States  Pope et al. 2011'® 1988-1994 Cohort ACS-air pol 0.0040

extend
United States  Hart et al. 2011% 1985-2000 Cohort TrIPS 0.0149
California, USA  Lipsett et al. 2011%° 1997-2005 Cohort CTS 0.0032
United States  Lepeule et al. 2012% 1975-2009 Cohort Harvard Six 0.0781
Cities Study
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Study

country

Reference

Study
period

Study type

Study

Incidence

Canada

Hystad et al. 2013%

1994-1997

Case control

National
Enhanced
Cancer
Surveillance
System
Case-
Control

Study

0.4053

United States

Puett et al. 2014%

1998-2010

Cohort

NHS

0.0168

United States

Hart et al. 2015%

1986-2003

Cohort

NLCS

0.2776

Canada

Weichenthal et al. 2016%°

1991-2009

Cohort

Can-CHEC

0.0166

United States

Gharibvand 20162

2002-2011

Cohort

AHSMOG-2

0.0031

Canada

Tomczak 20162

1980-1985

Cohort

Canadian
National
Breast
Screening

Study

0.0104

Netherlands

Beelen et

al. 2008%

1986-1997

Cohort

Netherland
Cohort
study Of
Diet and

Cancer.

0.0161

United
Kingdom

Carey et al. 2013%

2003-2007

Cohort

Clinical
Practice
Research

Datalink

0.0063

ltaly

Cesaroni et al. 2013

2001-2010

Cohort

Rome
Longitudinal
Study

0.0097
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Study Study
Reference Study type Study Incidence
country period
European RaaschouNeilsen et al. 1990 Cohort - 0.0067
Union 2013
China Cao et al. 2011* 1991-2000 Cohort China 0.0088
National
Hypertensi
on follow-
up survey
Japan Katanoda et al. 2011* 1983-1995 Cohort Three 0.0066
Prefecture
Cohort

Remark: RR = Relative Risks, HR = Hazard Ratio

Table 2 shows a range of epidemiological studies examining incidence rates across
various countries and periods, offering critical insights for healthcare policymakers.
Predominantly cohort studies such as those by McDonnell et al. (2000) in California and
Lepeule et al. (2012) in the United States, reported incidence rates of 0.0034 and 0.0781,
respectively. Additionally, a notable case-control study by Hystad et al. (2013) in Canada
revealed a significantly higher incidence rate of 0.4053. The studies encompass periods from
the early 1980s to the late 2000s, with incidence rates reflecting diverse populations and
methodologies. For healthcare policymakers, these findings emphasize the necessity of
considering geographical and temporal variations in incidence rates when designing and
implementing public health interventions. Although smaller incidence rates, such as those
reported by McDonnell et al. (0.0034) and Lipsett et al. (0.0032), might initially seem less
concerning, they can represent substantial public health issues over time, especially within
large populations. Conversely, higher incidence rates, such as the 0.4053 reported by Hystad
et al,, necessitate immediate and substantial action due to the potentially large number of
affected individuals and the consequent healthcare burden. In summary, both small and large
incidence rates warrant serious consideration. Smaller rates may signal emerging issues
requiring early intervention, whereas larger rates demand prompt and robust public health
responses to prevent widespread impact. These data underscore the importance of long-term
epidemiological research in informing and shaping effective health policies tailored to specific

regional and population health trends.
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Strategies for preventing PM2.5-induced lung cancer

In addressing patients exposed to PM2.5 a multifaceted approach is essential. This
approach involves education, symptom management, monitoring, environmental
adjustments, smoking cessation, comprehensive care and public health advocacy. Given the
significant health risks posed by PM2.5, particularly to individuals with respiratory conditions
such as asthma, COPD and lung cancer, effective management strategies are pivotal for
enhancing patient outcomes and alleviating the burden of respiratory diseases. Each facet of
PM2.5 management will be explored to miticate its adverse health effects and advance
respiratory well-being globally. Refer to Table 3 for an overview of preventive and

management strategies specifically targeting PM2.5-induced lung cancer.

Table 3 Strategies for PM2.5 management and lung cancer prevention

Strategy Details

Health education Comprehensive education on PM2.5 risks is vital, ensuring
patients grasp short-term symptoms exacerbation and long-
term outcomes like heightened lung cancer and
cardiovascular risks. Healthcare providers offer practical
measures such as air quality checks, limiting outdoor activities
during peak pollution and using HEPA filters indoors.
Emphasizing consistent adherence to these strategies is key

for sustained health protection.

Symptom management Symptom management for PM2.5-related respiratory
symptoms is personalized to symptom severity and tendency.
Short-acting bronchodilators such as albuterol offer relief
during acute episodes of wheezing or breathlessness.
Corticosteroids may be prescribed for persistent symptoms or
exacerbations to alleviate airway inflammation. Non-
pharmacological interventions such as breathing exercises,
chest physiotherapy and pulmonary rehabilitation plans
improve respiratory functions and quality of life for patient

with chronic respiratory conditions.
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Strategy

Details

Regular monitoring

Regular monitoring is vital for evaluating the efficacy of
symptom management approaches and identifying changes
in respiratory health over time. Lung function tests for
instance, spirometry and peak flow measurements quantify
airflow limitation and track disease progression. Imaging
studies are valuable for assessing lung structure and
ascertaining complications like pneumonia or lung cancer.
Close monitoring empowers the intervention and adjustment

of treatment plans to optimize patient outcomes.

Smoking cessation

Quitting smoking is crucial for individuals exposed to PM2.5.
Healthcare providers should provide comprehensive
cessation support, including counseling, medications and
supportive services. Motivational interviewing techniques can
assist patients in assessing their readiness to quit and crafting
personalized cessation plans suited to their preferences and

desires.

Environmental

modifications

Identifying and mitigating sources of indoor and outdoor air
pollution is crucial for reducing PM2.5 exposure. Healthcare
providers can work with patients to assess their homes and
implement interventions like improving ventilation, installing
air filters and reducing indoor pollutants such as tobacco
smoke and mold. Encouraging patients to avoid outdoor
activities in highly polluted areas and to use masks or
respirators when needed can also help minimize exposure to

ambient PM2.5.

Comprehensive care

For patients with lung cancer, comprehensive care involves a
multidisciplinary approach that considers both medical and
environmental factors. This includes coordination among
oncologists,  pulmonologists and  other  healthcare

professionals to advance individualized treatment plans
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tailored to each patient's specific needs and goals. Supportive
care services can improve the quality of life and overall well-
being of patients with lung cancer, particularly those with

advanced disease.

Public health advocacy

Advocating for policies and initiatives to reduce air pollution
and promote clean air standards is crucial for safeguarding
public health on a broader scale. Healthcare providers play a
vital role in these efforts by raising awareness about the
health risks of air pollution, engaging in community outreach
events and collaborating with stakeholders to develop
evidence-based strategies for pollution control and
environmental conservation. Supporting legislative measures
aimed at limiting industrial emissions, promoting renewable
energy sources and enhancing urban planning and
transportation infrastructure can yield significant benefits for

both population health and environmental sustainability.
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Conclusion

The well-documented association between PM2.5 exposure and lung cancer mortality
underscore the pressing need for effective prevention and management strategies. Global
evidence highlights significant spatial dynamics in lung cancer incidence influenced by PM2.5
concentration and socioeconomic factors. Despite PM2.5 being a leading cause of lung cancer
mortality worldwide, practical prevention methods remain unclear. Nonetheless, research
indicates that long-term PM2.5 exposure significantly elevates mortality risk for various cancer
types, emphasizing the critical importance of mitigating air pollution to reduce cancer-related
deaths. The evidence synthesis presented emphasizes the multifaceted approach required to
manage PM2.5-exposed patients and prevent PM2.5-induced lung cancer. Through
comprehensive education, symptom management, regular monitoring, smoking cessation,
environmental modifications, comprehensive care and public health advocacy, healthcare
providers can mitigate the adverse health effects of PM2.5 pollution and promote respiratory
health globally. Implementing evidence-based strategies and advocating for pollution control
measures can contribute to reducing the burden of lung cancer and improving overall public

health outcomes on a broader scale.

Reference

1. Tomar G, Nagpure AS, Jain Y, Kumar V. High-resolution PM2.5 emissions and associated
health impact inequalities in an Indiandistrict. Environ Sci Technol. 2023;57:2310-21.

2. Wang Y, Zhong Y, Liao J, Wang G. PM2.5-related cell death patterns. Int J Med Sci.
2021;18:1024-29.

3. Guo B, Gao Q, Pei L, Guo T, Wang Y, Wu H, et al. Exploring the association of PM2.5 with
lung cancer incidence under different climate zones and socioeconomic conditions from
2006 to 2016 in China. Environ Sci Pollut Res Int. 2023;30:126165-77.

4. Yu P, Xu R, Li S, Coelho MSZS, Saldiva PHN, Sim MR, et al. Associations between long-term
exposure to PM2.5 and site-specific cancer mortality: a nationwide study in Brazil between
2010 and 2018. Environ Pollut. 2022;302:119070.

5. Xing YF, Xu YH, Shi MH, Lian YX. The impact of PM2.5 on the human respiratory system.
J Thorac Dis. 2016;8:E69-74.

6. Barbier E, Carpentier J, Simonin O, Gosset P, Platel A, Happillon M, et al. Oxidative stress
and inflammation induced by air pollution-derived PM2.5 persist in the lungs of mice after

cessation of their sub-chronic exposure. Environ Int. 2023;181:108248.

127



10.

11.

12.

13.

14.

15.

16.

17.

18.

N3ENTLIANLLSS U7 44 atun 2 wawn1Au-daan 2567

Wang S, Zhou Q, Tian Y, Hu X. The lung microbiota affects pulmonary inflammation and
oxidative stress induced by PM2.5 exposure. Environ Sci Technol. 2022;56:12368-79.

Li Y, Batibawa JW, Du Z, Liang S, Duan J, Sun Z. Acute exposure to PM2.5 triggers lung
inflammatory response and apoptosis in rat. Ecotoxicol Environ Saf. 2021;222:112526.
JinY, LiY, He S, Ge Y, Zhao Y, Zhu K, et al. ATM participates in fine particulate matter-
induced airway inflammation through regulating DNA damage and DNA damage response.
Environ Toxicol. 2023;38:2668-78.

Li R, Zhou R, Zhang J. Function of PM2.5 in the pathogenesis of lung cancer and chronic
airway inflammatory diseases. Oncol Lett. 2018;15:7506-14.

Lim JU, Yoon HK. Narrative review: association between lung cancer development and
ambient particulate matter in never-smokers. J Thorac Dis. 2022;14:553-63.

Li J, Lu X, Liu F, Liang F, Huang K, Yang X, et al. Chronic effects of high fine particulate
matter exposure on lung cancer in China. Am J Respir Crit Care Med. 2020;202:1551-9.
Nakharutai N, Traisathit P, Thongsak N, Supasri T, Srikummoon P, Thumronglaohapun S, et al.
Impact of residential concentration of PM2.5 analyzed as time-varying covariate on the
survival rate of lung cancer patients: a 15-year hospital-based study in upper northern
Thailand. Int J Environ Res Public Health. 2022;19:4521.

Chen J, Hoek G. Long-term exposure to PM and all-cause and cause-specific mortality:
A systematic review and meta-analysis. Environ Int. 2020;143:105974.

Yu P, Xu R, Coelho MSZS, Saldiva PHN, Li S, Zhao Q, et al. The impacts of long-term
exposure to PM2.5 on cancer hospitalizations in Brazil. Environ Int. 2021;154:106671.
Bouchriti Y, Korrida A, Haddou MA, Achbani A, Sine H, Rida J, et al. Mortality and morbidity
assessment attributed to short- and long-term exposure to fine particles in ambient air of
Agadir city, Morocco: the AirQ model approach. Environ Anal Health Toxicol.
2023;38:€2023009-0.

McDonnell WF, Nishino-Ishikawa N, Petersen FF, Chen LH, Abbey DE. Relationships of
mortality with the fine and coarse fractions of long-term ambient PM10 concentrations in
nonsmokers. J Expo Anal Environ Epidemiol. 2000;10:427-36.

Pope CA, 3rd, Burnett RT, Turner MC, Cohen A, Krewski D, Jerrett M, Gapstur SM, Thun MJ.
Lung cancer and cardiovascular disease mortality associated with ambient air pollution and
cigarette smoke: shape of the exposure-response relationships. Environ Health

Perspect. 2011;119:1616-21

128



I C' Comprehensive Strategies to Mitigate PM 2.5-Induced Lung Cancer Nichapa Bunditmahakul et al.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Hart JE, Garshick E, Dockery DW, Smith TJ, Ryan L, Laden F. Long-term ambient
multipollutant exposures and mortality. Am J Respir Crit Care Med. 2011;183:73-8

Lipsett MJ, Ostro BD, Reynolds P, Goldberg D, Hertz A, Jerrett M, et al. Long-term exposure
to air pollution and cardiorespiratory disease in the California teachers study cohort. Am J
Respir Crit Care Med. 2011;184:828-35.

Lepeule J, Laden F, Dockery D, Schwartz J. Chronic exposure to fine particles and mortality:
an extended follow-up of the Harvard Six Cities study from 1974 to 2009. Environ Health
Perspect. 2012;120:965-70.

Hystad P, Demers PA, Johnson KC, Carpiano RM, Brauer M. Long-term residential exposure
to air pollution and lung cancer risk. Epidemiology. 2013;24:762-72.

Puett RC, Hart JE, Yanosky JD, Spiegelman D, Wang M, Fisher JA, et al. Particulate matter air
pollution exposure, distance to road, and incident lung cancer in the nurses’ health study
cohort. Environ Health Perspect. 2014;122:926-32.

Hart JE, Spiegelman D, Beelen R, Hoek G, Brunekreef B, Schouten LJ, et al. Long-Term
Ambient Residential Traffic-Related Exposures and Measurement Error-Adjusted Risk of
Incident Lung Cancer in the Netherlands Cohort Study on Diet and Cancer. Environ Health
Perspect. 2015; 123:860-66.

Weichenthal S, Crouse DL, Pinault L, Godri-Pollitt K, Lavigne E, Evans G, et al. Oxidative
burden of fine particulate air pollution and risk of cause-specific mortality in the Canadian
Census Health and Environment Cohort (CanCHEC). Environ Res. 2016;146:92-9.
Gharibvand L, Shavlik D, Ghamsary M, Beeson WL, Soret S, Knutsen R, et al. The association
between ambient fine particulate air pollution and lung cancer incidence: results from
theAHSMOG-2 study Environ. Health Perspect. 2016;125:378-84

Tomczak A, Miller AB, Weichenthal SA, To T, Wall C, Donkelaar AV, et al. Long-term exposure
to fine particulate matter air pollution and the risk of lung cancer among participants of
the Canadian national breast screening study. Int. J. Cancer 2016;139:1958-66

Beelen R, Hoek G, van den Brandt PA, Goldbohm RA, Fischer P, Schouten LJ, et al. Long-
term effects of traffic-related air pollution on mortality in a Dutch cohort (NLCS-AIR
study). Environ Health Perspect. 2008;116:196-202.

Carey IM, Atkinson RW, Kent AJ, van Staa T, Cook DG, Anderson HR. Mortality associations
with long-term exposure to outdoor air pollution in a national English cohort. Am J Respir

Crit Care Med. 2013;187:1226-33.

129



30

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

N3ENTLIANLLSS U7 44 atun 2 wawn1Au-daan 2567

. Cesaroni G, Badaloni C, Gariazzo C, Stafoggia M, Sozzi R, Davoli M, et al. Long-term exposure

to urban air pollution and mortality in a cohort of more than a million adults in
Rome. Environ Health Perspect. 2013; 121:324-31.

Raaschou-Nielsen O, Andersen ZJ, Beelen R, Samoli E, Stafoggia M, Weinmayr G, et al.
Air pollution and lung cancer incidence in 17 European cohorts: prospective analyses from
the European Study of Cohorts for Air Pollution Effects (ESCAPE). Lancet Oncol. 2013;14:813-22.
Cao J, Yang C, Li J, Chen R, Chen B, Gu D, et al. Association between long-term exposure to
outdoor air pollution and mortality in China: a cohort study. J Hazard Mater. 2011;186:1594-
600.

Katanoda K, Sobue T, Satoh H, Tajima K, Suzuki T, Nakatsuka H, et al. An association
between long-term exposure to ambient air pollution and mortality from lung cancer and
respiratory diseases in Japan. J Epidemiol. 2011;21:132-43.

Yorifuji T, Bae S, Kashima S, Tsuda T, Doi H, Honda Y, et al. Health Impact Assessment of
PM10 and PM2.5 in 27 Southeast and East Asian Cities. J Occup Environ Med. 2015;57:751-6.
Guo Y, Zeng H, Zheng R, Li S, Barnett AG, Zhang S, et al. The association between lung
cancer incidence and ambient air pollution in China: A spatiotemporal analysis. Environ
Res. 2016;144:60-5.

Sett MJ, Ostro BD, Reynolds P, Goldberg D, Hertz A, Jerrett M, et al. Long-term exposure to
air pollution and cardiorespiratory disease in the California teachers study cohort. Am J
Respir Crit Care Med. 2011;184:828-35.

Wang Y, Zhong H. Mitigation strategies for controlling urban particulate pollution from traffic
congestion: road expansion and road public transport. J Environ Manage. 2023;345:118795.
Duan W, Wang X, Cheng S, Wang R. A new scheme of PM2.5 and O5; control strategies with
the integration of SOM, GA and WRF-CAMx. J Environ Sci (China). 2024;138:249-65.

Kim H, Huh JY, Na G, Park S, Ra SW, Kang SY, et al. Lifestyle practices that reduce seasonal
PM2.5 exposure and their impact on COPD. Sci Rep. 2023;13:11822.

Ling H, Qing L, Jian X, Lishu S, Liang L, Qian W, et al. Strategies towards PM2.5 attainment
for non-compliant cities in China: a case study. J Environ Manage. 2021;298:113529.

Expert Consensus Task Force, Shi X, Duan G. Recommendations of controlling and
preventing acute health risks of fine particulate matter pollution - China, 2021. China CDC
Wkly. 2022;4:329-4

130



