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Abstract

There is little evidence guiding the timing and thresholds to be attained of pre- and post-
radiation therapy blood assessments. Several studies have shown significant differences between
populations, emphasizing the need for population-specific appropriate times for blood tests to
obtain hematological index as well as coagulation profile. This cross-sectional study sought to
determine the appropriate length of time between the radiotherapy (RT) sessions of breast
cancer patients attending the radiation therapy unit of Maha Vajiralongkorn Thanyaburi
Hospital. The subjects were 135 patients with breast cancer who had undergone chemotherapy
as pre-operative systemic therapy and post-operative radiation therapy of 45-50 Gy in 25
fractions over 5 weeks. Blood samples were collected from all patients before each RT session
and one week after the last session. All blood samples were subjected to standard hematological
analysis, reticulocyte count, and coagulogram. There were statistically significant reductions in
the mean total white blood cell count, lymphocyte, and platelet count after 1-week post-irradi-
ation compared to the baseline and continuous decline for nearly 5 weeks of RT sessions. Lym-
phocytes were found to be more sensitive to RT than other blood components. No statistical
differences were observed for hemoglobin, hematocrit, and reticulocyte count. RT led to statis-
tically significant increases in PT, aPTT and INR values. There were no significant alterations
in hematological index as well as coagulation profile in relation to patients’ age range. No patients

experienced the day break in treatment. The findings demonstrated that irradiation affects white
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blood cells and blood coagulation system. The current timeframe for blood tests may thus be
safe, however, this practice may not be necessary. It is recommended that patients have a blood
count taken prior to the beginning of treatment to see whether the blood has normal amounts of
blood parameters and coagulogram. If they are normal, the weekly laboratory monitoring

throughout the therapy session may not be required unless clinically indicated.

Keywords: Radiotherapy, Breast cancer, Hematological index, Complete blood count, CBC,
Leukopenia, Coagulopathy, aPTT, PT, INR



A

o o

Nsmsmaiansunng VR 50 p1fuN 3 TUNAN 2565 UWUTAURLY

=

d' v A & =] 1 [~V =
msulasuwilasveInsiiintasnuazmMILTIINIVBILADA
izﬁiwmsmﬂ?@ﬁ%’n‘yﬂuﬁﬂwmGué’imu

a A o ooy ] v 4 2 a o s A <3k
302 LATDAUAT OIQY QNENNT was INAWNAT 3 e

"Wdiadnenanyunaiamsunng anzanaymans umingidessumans
“ndvunaiamsunnd anzanovmans uminendelusii

o

‘madvunaidamsunnd anzanasmans uminedusssumans guésaan vanialnusiil

U |l
PYNANYD
fagtudlusivndjuantanuneinuszsznanminzanlumsasiedamuns
wasuwasvesideaneuuazndimsmesadniadadianuuanaanuszrinangulszmnns waz
= o I = a v U v A v 3 v
HanundulumsnuidemszeznmminzanszriinamsmedadsnmndibensGamuuan
a 1T v A & 1 & = =® g:' tg I .
M35z iumMasiALaaALATAIMILYIAIVBIEN MTANEIATINLUUIY cross-sectional
. A 8 v A v 4 v o o v v o
analysis TungugiheazSamuunlasumsmidawunuazlianitniaasuual wazmniums
snnlumnedadinga lsawemanvinInainsasyys 1w 135 e dihelasumsdnm
mesaasnSina 45-50 Gy 91131 25 a39 (fractions) 11 5 dladi Tastiudiediaaennau
MIMe3iannsevuaznaImMImesidseugametiiensiviansiammalafiaing NuIusan-
Taed wazAIIIMIHVIAIVBILABA NAMTANMINUNMLRABDIIUNALAaAY1ITINaN W Fed
I~ = 1 N °o aa 1 4} LY o a v A
wazinaatdenanata gt ymMedaauazanasnatiiesnasn 5 dilanii lasaulddadiiniu
1w A 1 s <& = a 4} =) a = a o a o &1
haeSsdnnniwadiiataeasiiney malulnadu danlna3a waznmusialated neuuas
nasaugamsmeidliuanmenuegaiiisdAymeaan dum PT, aPTT waz INR sNUAY
1T A o aa f-?!'l LA T o Ju d' 1 v A& A
agaitpdhfAymaadd wennniveghthelidoiuinumsuasuwlasmaridiaidenuas
U I =) = KA ::'91 £vs U £yl = &l v & Y
mmsudeiivesden wasludgihedfidesgainszninamsinm msanmniuanlrdinunid
Snndinanewadiliatdenivazszuumsuisiivesden $r3nmmsasiataeaifegiiuiany
Uaeadfy wazuuzinlimzdendiheneudumsnsidsnyensammaiimeimaladiaine
I o ~ v 1 1 1l ] a " = a v awva
wasMIudImveuaen M q aglurilng erwludesimsasiafamumaviea jiins

o 4 1 o v 1 A vV é’ o o
T!ﬂﬁl]ﬂWﬂﬂaﬂﬂ‘]i]iﬂ1iiﬂ‘H1 LIULANIUNVDUIVAIAEY

o o w v A e v v A=A ¢ < A < A o
Meaney: A1IANYIIT HZLIUATUN ABULHALADA mmauyjmﬂladmmaaﬂ ANITLUALADAVIIN

Tsnseutulng szdiumsudadrvealden

*é’%’nﬁﬂﬁbﬂuvﬂﬂmu E-mail address: swimol@yahoo.com
Fuunanu: 24 AU 2565 ufluumanu: 3 guaius 2566 SuANniuNANN: 16 ANAILS 2566



8286

UNIN
< A A o

< % < a o
wzisadmudunziSannuiatianisal

q

wnngaludmdgalne” uazewsiu® msdnm

NUNNAMIS NN T UM UNTZ Y UTANDATING
seadian 5 Vgunnni¥esaz 90 msinmn
2 v Ay v a QA o o
uzdamunnlanaauaziuneeniyluifeqiiv
Taua mssamlagmsmida Mssnealgeadl
1h1ia M3FnmeedusasTuy msFauamg

4'4 Qr 3 A 4 s ) Y
NUNMIDDNYNDINNICHTD mslvieninm ULV iih

3)

wazmssnmlagmsmesadsnmn® Faunnday

I Y a a 'd
Wuginsanamuanumnzanuaziinlszlos

degaundihoudazaie msmedadnensing

wzGadhundlselemnilumsaugulsaamzn

uasaddasnansamnmenawasuSanazisadlng
A "o ' 2 vys) ¥ A I
NAMIUVIEI08195795210) udazimsmesad
o ] S % C4 4‘ A
wwzdunianazimsldgdnsaiiaiesile waz

o % o Ao 'd' 1 v A g &/ =ﬂ‘
MIInMIMUiEInmNIvanlsnuiddeiilolbe

Undalagsevuareisrzdrafsaudrfion®

Ko qo A X oA ¢
uaﬂﬂ’]ﬂu3ﬂﬂﬂﬂﬂwﬁﬂaLuﬂlﬂﬂulmﬂﬁzﬂﬂuﬁzlﬂfﬁa
Y o a = oA (8-11) = Y a
AUNLUALUALADA IﬂﬂuNal'ﬂLﬂﬂﬂ‘liﬂﬂ

Tunszgmilfahadaenlitiosas dawaliinne

diadenunviiaiiinsiasm (neutropenia)® '

Azindatdend (thrombocytopenia)™ ' uaz
(4159 s iaganun3adnnasila
(16) = ' '

FI019dINaROMS

IS a
1nMzlarinang
AAMIUANUBILTALADAUAL
% [ ) . . =
A3NALadAILAY (erythropoiesis) 1NANITANY
ludainaasanunmsmesadinarlisiuiu

amn "'TN

a s 4 .
Lﬁﬂ@Iﬁ%w} (reticulocyte number) afaq
o a o ¢ A o v o o X
Tmnuisaaladed ludeaingnlydudiuaams
= v = oA =
wasuuwdasmsahadaeauns luvasnng
= o Ay o (18) o Q¥ a o '
Anenlunypddandeyatios’  hlviAamaud
s 4 LY Y - $% IS 1
msfnmmeadlugiheuzSamuy aziinade
4; o a v & A 1 cq!,
maasuwassnnusaaladodviels uennnil

- Ao s ' o s Y e qv
ENllﬂu’Jﬁ]811!3J1§EEW]W1J’J”Iﬂﬁﬂ”|EJNﬁNNﬁ‘m‘ﬂﬂﬂ

5oz (AT0UAL UasAE

iaanuAalndvesmsudefveaden’’” >

uay
ifinademsudadivenasn®’ Tasmnaass
meSadlumeosn (ferret) fAnavilvian PT was
aPTT (%2

@

Do 1 & @ A o Ay
5Qﬁ§ﬂﬂ1@lﬂﬂ'lill‘llﬂﬂ'.)‘llﬂﬂLﬂﬁlﬂcluu‘l;mﬂﬂﬂﬂ‘llﬂi;lja

[ < =2
agnalsfionumsAnenaves
o s :II =2 Q' a Y 1
oy AatlumsAnyuisnan Tagwmzlugihe
aulneneliiidoyadimiumsliszlonidely
=2 A o &
ananuTuu
y A v v
azunsndeuniunannmsinmiig
Fandiniimsinyvgassinuazinanude
- P N v
lumsfiawe Faunndidinmeriinsanlven
' A A XX o v
FrgeusTimerms visenalniihevinmead
. C = A '
(rest radiotherapy) JUNTLNIANUALADAA 9
oglunaidn@dsezGumsmeadeell Recht

wazamz®?

F19UNMIRAN TN TITS AN
aNuduRusdunsanauiaziduveanis
munaulsalfiegiamzi uazmsfnyved Fowler

(23) oA v o ¢ &
WUN NN WNNEsadilesenazvey

wazaM
s 1 < 1 s s o % 1
fagranas lumainmssavuazynldiennde
MsmMia AafuszezMIRNe3IFN N TaNYDa
Y =< I Q' o as s o a
Athevatludadhan maszesinaeddnuauly
<A ~ o v X '
AHleManMITNBTANHAIZIAY udnIzes
WinmeFdduaulanmwinameveadihoeranu
T3y Fesiudesnimsszimuanunionvea
1 A’ U = % Vo
s1meielrnameiianunienuazlasums
4 P R
uh v denuanuAnlafneunaz3uMITAEIMY
$adsovsoll ﬁaﬁumsmmﬁwmmamymﬁmm
< - % Y - E% I~ -
intden ANNWNTUVBIAEA MIaadintden
UAINALNY wazeMIuTIdveadanthazitudh
1 A’q‘ o a v
Paxnenmnsarhan1slumsdszdivanundouma
1 Y 1 o a Ao v
famevesdiheneumsmisdinmla
wamsanelusadssmanunszesom

1
) o

Mrnzandmiumsanaaenszrniamsiieg

$amnianuuanmafiily T Yang wazaaz®?



msslagulasvesnvidindoauasanisudediveudonssninnmmesaainelugi g5y

NENUN TN UadEiaaenanalegannly
Flaiusnveamsmiadsne wazuuzaininly
o & Y - 4 & =)

iludeanzideannanuaystiveaiiaiben
(complete blood count: CBC) nﬂﬁﬂmﬁ fwa
A 1 o w Au ] s a d'
eaneumamisdinmegluszdvlnd vazn
Lundgren wazaaiz™ ddnmndihouzi3edsys
UazAd N3299N UarduTINIUNL Tnuda

GRERRPIG! zii’wmumﬁﬂ L00AANAIBYIN AILLA

¢

o ¢ a VoA o
dlavinanvazlaganizedragadlaving

o A Y o Ao o 1 fo &
wdannmMIGuausIdsnmvazuuzihn sy
A99LZ1ABANTIVNUIULAALADAUIUAZIIUIY

I~ A £ ' 16 ¥ £ o I~ A
indadeanedla ualdinraiasnnudia@eaun
wazannunaadennauGuuazludlmviusnvea

o w Ao g?]l & A o
msmniadine vennnilfiheuzSanehianu
(deagademsiinanizanidengarasniaond

26)
)

(venous thromboembolism ORGRER I EEARTAY

ANUEIdeMIIAANITANIRoARANABALRBAM

e feidenistlesdunig

ludtheudazne
Q' =) - ) L4 a S o
duitdengaviasatdead lvitvanzan 3a13d
£ (28) 9 Jatamsa
ITNGY aguauulfiansanmuna
CBC lufihouzdadmuuninmdemmeiad
Taguuzihl#ingia CBC neumeiadinen uaz
seniamesaddlein 1 uaz 3 dieanndihe
< v A Yo oo Ao = a '

Uz S uNNNFusEsaNgazdeaa1991n
P A A ' VW ' &
MsAnEBUNNa1IN 19U ngudlediniuau
ne®” gasenaiivhiauazdidiuveanslisediadl
11TANANNUANAIINANUIFINEIUNT TINN

Y < % d‘ Y o o Ao

Hiheuzisaumunnnividinmlulsimena
1 ] = = 1 Y] =S o

weazuralulszmalneineazdeasany 3389

]
A vadaou =

lidideanasirunssnwndiiandaauiieafy

srgzaImrizanlun1sasIafaa NS
d' A o s Y < £
wasuudasvevdaeadmiudihouzisaamuu
Yn o = ) Ya a ¢ =
AaziNdddlAdamuaTIIANIMIasuuas

v A A 4 & o A ¥ J
Yosdriila@aLaraNMILIIAIVEILAA taun

8287

feanuauysaiveudiaden SiusAgladed a
activated partial thromboplastin time (aPTT)
(azA prothrombin time (PT) 52¥MIIMIINEN
U < $4 4‘ Vo 1w %
dihenzisamuunlaiumsidawnuueenuas
Snmnlageuaiithiiaudy Meneutazsznilamsim
Faasnelulsanennanvm¥nansafyys e
szneumsnnsannennsainnunsenvesame
Y 1 o 1
Hihereumsmeiadlusevdely

a

TaquazIzms
=S

L.

dsznnsnanmn
madeladnmluesaiasithenzise
WuNvale ey > 18 1 Niima¥uiile (patho-
logical report) sudumsitadelsaiugiie
U5 UMUN wazruUMITAMIAIEMIFGALAUN
p9nuUY MRM (modified radical mastectomy)
Vo s v 1w .
wazldsumsSnymasnmsiida (adjuvant therapy)
Tasmslsienaiintaasuudinazdaluisuenau
o d' s s 1 % s ddl
795 11U NINFUMITAMIADAITNMITNYTIFNUNUA
$ad5nmn Tsawmmaumﬁﬂmﬂimﬁtyﬁ FEH9
WOUNGEMAN D4 ADUTIMAN W.¢. 2562 Tag
~ ¢ o ¥ a1 wa A wa o
Hinadaeen laud Aiendlszianeinm
4 o 1 IS A = a ﬂ‘ -
MeFadnneun NiUsIAlsanzSariinduviolsa
- Q’ & Vo s
VoI5TVUIAEADU 9 visotnglasumsinmlagms
Wennuvwsjaih msfnmaiai Adiauauia
¢ Y a a °
ATUMHLNUNRNTINMTIVeNUIU 135 18 Tag
1asu1Sinasad@nulusie 45-50 Gy 1w 25

¥ ' o o ¢
A39 MARAFIINTINE 5 dilanv

msﬁﬁnﬁﬁwémmntjuéfmsin
Tasan1sidelasumseyidainame
AIINA1538555uMTIdelual un1Ine1de
FIINANTAS 61;@*7; 3 mngawntisdeiuses COA
No. 028/2562 wazlsaweuiaumIsasnsa-



8288

fayys mngaaniiadeiuses MTH 2019-06

e

Jdgimanlumsveanuguvenlaglvdeyastis
asuiiunazlveraainsdaduleediadass
Wawnedayadiudivessrandinsuaniiniaue

< v a 2
dudeyainmslumwsinuniiy

sluvunuive
a o :/’ g | a o a a o
MsIveasatiilunsidemadascy

(cross-sectional analytic studies)

MsasIIANEHMeKiesl jiiams
genadinsidsumanziiuidennaums
3adsnmnsoud 1 (baseline) AoumITh3adsnmn
soUft 2-4 (R1, R2, R3, R4) wazndamsimniad
fnseugame (R5) daudndlu Fig. 1 Eeaild
hmnasnnuauysaivesdiaidon (complete
blood count; CBC) eia3asiinnsiivadiiia
laendalulia XS-800 (Sysmex Co., Kobe,
Japan) ieasaiaSinaudiaidenunsn (otal
white blood cell count: WBC) ﬁ”lﬁuu“iiﬁsum
Waldenrriindulnded (absolute lymphocyte

5oz (AT0UAL UasAE

count: ALC) sduysalvesifiatdonvisiia
#7lnsWa (absolute neutrophil count: ANC)
YSinadlulnadu (hemoglobin: Hb) fdun-
nAse (hematocrit: Het) wazdlsinameanda
v
1@ea (platelet count: Plt) :1undlazumsasie
o Y N P A
FAMILAIIAIVD AR (coagulogram) AIYLATDI
Jianzrimsuisdiveadendalusia CA-500
(Sysmex Co., Kobe, Japan) LWeasi19iad
prothrombin time (PT), activated partial throm-
boplastin time (aPTT) wavf1 International
Normalized Ratio (INR)
a o d . o/ ¥
isAnladea (reticulocyte count) Tngmsdoneiy

wastuIIUIY

d 1% new methylene blue
fnnimeianuauysoiveiiaben
d‘ Y o a o k% =
nlahldszdivszduanuguussveanadnafes
w a g s < A % d s
NnSednesadilinaonlaglysinaunvosaaitiu
UL IUHINA (National Cancer Institute)
Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0°7 mvuaszduy
mmquumﬂu 5 5¥@U NNFHUN 1 (mild) D

F2OUN 5 (death related to adverse event)

LD L] e

9 16
A A
Baseline R1 R2

23

R3

30 37 Days
A A
R4 R5 Blood samples

Fig. 1 Schematic presentation of the blood collection timeline of the breast cancer patients who had
undergone post-operative radiation therapy of 45-50 Gy in 25 fractions over 5 weeks. The arrow
represents radiation fractions of 2 Gy/day. The approximate days of blood collection are

indicated under the time axis at the end of each group of 5 fractions (arrow head).
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wazdtanzianuduiuiszniiegiengivi  wugitheldsuinithingas adriamycin Sy
mndiweimalafiaineuazmsuiadiveaden cyclophosphamide (AC) AaluSosaz 7.4 vise

1ag general linear model (GLM) gn3en AC mudieen paclitaxel Aaduiosas

85.2 wazlinnuriiaandudesay 7.4

Table 1 Baseline characteristics of the 135 patients with breast cancer from data study.

Mean(SD)
Characteristics n (%)
WBC ANC ALC Pt Hb Hct ARC PT aPTT INR
Age (in years)
Mean: 51.8 135
SD: 10.2
20-39 15 (11.1) 5.0 3.5 1.2 281.1 11.7 35.9 43.5 11.2 35.1 0.9
(1.8 (1.1) (03 (54.8) (1.3) (200 (12.3) (0.8 (36) (0.1)
40-59 86 (63.7) 5.4 3.6 1.4 308.4 11.7 34.8 450 112 348 0.9

(1.5 (1.3 (0.
>60 34(52 61 86 15
(1.9 (1.9 (0.5

775 (1.1) (3.3 (180) (0.9 (4.0 (0.1)
283.4 111 3851 424 110 845 09
(719 (1.4) (4.3 (161) (05 (3.5 (0.1)

Chemotherapy 135
AC 10 (7.4) 5.7 4.0 1.4 3052 113 374 409 111 345 09
(1.6) (1.3) (0.5 (45.1) (1.2 (84 (179 (0.7) (2.9 (0.1)
AC+Paclitaxel 115 55 3.6 1.4 2969 116 34.8 44.9 111 34.8 0.9
(85.2) (1.6) (1.2 (0.4 (740 (1.2) (34) (17.1) (0.8 (39 (0.1)
Unknown 10 (7.4) 5.3 3.3 1.5 3185 11.8 352 392 111 340 09

(1.9 (1.1 (0.7) (103.4) (1.3) (4.0) (1400 (0.8) (3.6 (0.1)

Underlying disease 135
Hypertension (>130/85) 30 (22.2)
Type 2 Diabetes Mellitus 2 (1.5)
No underlying disease 103 (76.3)

WBC: white blood cell count (><‘IO3 / puL); ANC: absolute neutrophil count (><‘IO3 / uL); ALC: absolute lymphocyte count (><103/ ub); Pit:
platelets (><‘IO3 / uL); ARC: absolute reticulocyte count (><‘IO3 / uL); Hb: hemoglobin in g/dL; Hct: percent hematocrit; PT: prothrombin

time in second; aPTT: activated partial thromboplastin time in second; INR: International Normalized Ratio; AC: Adriamycin+Cyclophosphamide.
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Fig. 2 Multiple box plot of the statistics of the platelet number distributions in relation to the treatment
period (weeks). Blood samples were assayed for total WBC (Panel A), ANC (Panel B), ALC
(Panel C), and platelet number (Panel D) before radiotherapy (Baseline) and during the first (R1),
second (R2), third (R3), and fourth (R4) weeks, as well as one-week post-treatment (R5) of the
breast cancer patients (n = 135). The vertical lines represent range of cell number with boxes
indicating interquartile range. The horizontal lines in the boxes represent median cell number
and “+” represents mean value. The whiskers represent the highest and lowest values, excluding
outliers and extremes. The circles represent patients whose cell number value were more than
1.5 x the interquartile range. Significant comparisons are indicated by asterisks (**: p < 0.01; **:

p < 0.01; ***: p < 0.0001; one-way ANOVA).
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Table 2 Frequency distributions of blood parameters and coagulation parameters at time of before

(base line) and after 5 radiotherapy sessions (R1-R5) of 135 breast cancer patients.

Assays Reference Baseline R1 R2 R3 R4 R5
intervals n (%) n (%) n (%) n (%) n (%) n (%)

WBC (x10° / uL) 3.6-10.6
CTCAE Grade1 (<LLN-3.0) 9(6.7) |14(10.4)| 12(8.9) | 13(9.6) |22 (16.3) | 23 (17.0)
CTCAE Grade? (<3.0-2.0) 6 (4.4) 5@B37) | 480 | 762 | 5@7) |14(10.4)
CTCAE Grade3 (<2.0-1.0) 1(0.7) 2 (1.5) 0 0 0 0
CTCAE Grade4 (<1.0) 0 0 0 0 0 0
ANC (x10° / uL) 2.3-8.7
CTCAE Grade1 (<LLN-1.5) 17 (12.6) | 21 (15.6) | 17 (12.6) | 13 (9.6) | 15 (11.1) | 22 (16.3)
CTCAE Grade?2 (<1.5-1.0) 2 (1.5) 107 | 107 | 107 0 4 (3.0)
CTCAE Grade3 (<1.0-0.5) 0 107 | 107 | 107 0 0
CTCAE Grade4 (<0.5) 0 0 0 0 0 0
ALC (x10° / L) 1.0-3.2
CTCAE Grade1 (<LLN-0.8) 24 (17.8) | 38 (28.2) | 33 (24.4) | 37 (27.4) | 27 (20.0) | 34 (25.2)
CTCAE Grade?2 (<0.8-0.5) 7(6.2) | 25(18.5) | 38 (28.2) | 39 (28.9) | 56 (41.5) | 40 (29.6)
CTCAE Grade3 (<0.5-0.2) 3.2 2(15) | 4(30) | 13(9.6) | 16 (11.9) | 25 (18.5)
CTCAE Grade4 (<0.2) 0 0 0 1(0.7) 0 1(0.7)
Platelets (x10° / L) 150-450
CTCAE Grade1 (<LLN-75) 0 2(18) | 2015 | 2(1.5) | 10.7) | 6(4.4)
CTCAE Grade? (<75-50) 0 0 0 0 0 0
CTCAE Grade3 (<50-25) 0 0 0 0 0 0
CTCAE Grade4 (<25) 0 0 0 0 0 0
Hemoglobin (g/dL) 12.0-15.0
CTCAE Grade1 (<LLN-10.0) 71(52.6) | 79 (58.5) | 73 (54.8) | 80 (59.3) | 82 (60.7) | 87 (64.4)
CTCAE Grade2 (<10.0-8.0) 12 (8.9) 8(6.9) | 644 | 430 | 762 | 32
CTCAE Grade3 (<8.0) 1(0.7) 218 | 107 | 10.7) 0 0
Hematocrit (%) 35-49
<LLN 66 (48.9) |70 (51.9) | 65 (48.2) | 67 (49.6) | 70 (51.9) | 81 (60.0)
ARC (x10° / pL) 20-115
> 115 0 () 0(0) 0(0) 0 (0) 0(0) 0(0)
20-115 124 (91.9) |125 (92.6)| 120 (88.9)| 122 (90.4)|128 (94.8)| 128 (94.8)
<20 1182 | 10(7.4) [15(11.1) | 13(9.6) | 762 | 7 (5.2
INR 0.8-1.2
CTCAE Grade1 (>1.2-1.5) 0 0 8(5.9) |16 (11.9) | 16 (11.9) | 20 (14.8)
CTCAE Grade? (>1.5-2.5) 0 0 0 0 0 0
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Table 2 Frequency distributions of blood parameters and coagulation parameters at time of before

(base line) and after 5 radiotherapy sessions (R1-R5) of 135 breast cancer patients. (Cont.)

Reference Baseline R1 R2 R3 R4 R5
Assays

intervals n (%) n (%) n (%) n (%) n (%) n (%)
CTCAE Grade3 (>2.5) 0 0 0 0 0 0
PT (second) 11.0-14.0
<11 68 (50.4) 50 (37.0) | 19 (14.1) | 12 (8.9) | 14 (10.4) | 8 (5.9)
11-14 67 (49.6) | 85 (63.0) [108 (80.0)|103 (76.3)[105 (77.8)|103 (76.3)
>14 0 0 8 (5.9 |20(14.8)| 16 (11.9) | 24 (17.8)
aPTT (second) 27.0-40.0
<27 4 (3.0 0 (0) 4 (3.0 4 (3.0) 4 (3.0) 0 (0)
27-40 128 (94.8) | 132 (97.8)| 90 (66.7) | 74 (54.8) | 63 (46.7) | 52 (38.5)
>40.0 3 (2.2 3(2.2) | 41(30.4) | 57 (42.2) | 68 (50.4) | 83 (61.5)

LLN: Lower limit of normal; CTCAE: Common Terminology Criteria for Adverse Events version 5.0; WBC: white blood cell count; ANC: absolute

neutrophil count; ALC: absolute lymphocyte count; ARC: absolute reticulocyte count; INR: International Normalized Ratio; PT: prothrombin time;

aPTT: activated partial thromboplastin time
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Fig. 3 Variation of means of hemoglobin level (Panel A) and hematocrit percentage (Panel B) by

radiation treatment of the patients with breast cancer in relation to the treatment period (weeks).

The means of hemoglobin level of post-radiation exposure (R1, R2, R3, R4, and R5) presented

no significant variation as compared with the pre-treatment values (Baseline). P-values were

determined using one-way ANOVA test. Error bars indicate the standard deviation (SD) for

n = 135 patients.
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Fig. 4 Box plots of percentage changes in absolute reticulocyte count following radiotherapy at various

time points (weeks). The figures show the relative counts of reticulocyte before and after 5

radiotherapy sessions. The box plot fences represent the first and third quartiles. Whiskers

cover the extent of the data on 1.5 x the interquartile range. The lines bisecting the boxes

“

represent the medians and “+

represents the means. The circles represent patients whose

platelet number values were more than 1.5 x the interquartile range. Significant comparisons are
indicated by asterisks (**: p < 0.01; one-way ANOVA). (n = 135).
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Fig. 5 Radiotherapy increases prothrombin time (PT) and activated prothrombin time (@PTT) values of

the patients with breast cancer. Plasma was assayed for PT (Panel A) and aPTT (Panel B) prior

to each radiotherapy cycle (Baseline, R1, R2, R3, and R4) and one week after post-radiation

exposure (R5). A statistically significant increase in PT value was observed for R1, R2, R3, R4,

and R5 at one-week post-irradiation when compared to baseline. Similarly, a statistically

significant increase in aPTT value was observed for R2, R3, and R4, as well as for the R5 at

one-week post-irradiation when compared to baseline. P-values were determined using one-way

ANOVA test. Significant comparisons are indicated by asterisks (*: p < 0.05; **: p = 0.0054; ****:

p < 0.0001). Error bars indicate the standard deviation (SD) for n = 135 patients.
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Fig. 6 Radiotherapy results in statistically significant increases in INR values during the radiotherapy
(R1, R2, R3, R4, and R5) of the patients with breast cancer. Twenty breast cancer patients
receiving 5 fractions of total 45-50 Gy exposure had CTCAE Gradel (INR levels > 1.2-1.5).
P-values were determined using one-way ANOVA test. Significant comparisons are indicated by
asterisks (***: p = 0.0002; ****: p < 0.0001). Error bars indicate the standard deviation (SD) for

n = 135 patients.

¥

a 4
Y130
v & % YV o A o
MIFAvINZS UM UG IgMIM T IdITU
UaNIINFIdvzaIuITavIa g sadNEISaUa
FadusaiatsadUnaninisuuadiedga
2 yyvy_(5) & o v A
1N Tagamzlunszgadariming
% I~ A < =) =3 A
aNudia@eauny wWialdennd waztndataen
~ ~ ' s e = Y Yo
Wisannimsuyaaddudinuinnddlasuna
NaAgannmMIhzaasnenlane 1% 3 Tagly

$9UIMINFIFTNENITNNUMIanaIvadbindon

1419 azindaden® 2

1"? fiadeauns
y X oo o 4 adon A vy e
meomail JutuFendnangdihendhiumsiam
Y A A < o A o =
@I InTIaenlulIzINNenTINNUIUA
A I a < ) 1 Il s
aeav dlulnaliu uazindaadenindedluszay
A A ]
NNz aNriTe 1
tagtiudalifiuvunljiangaaunsiiy

szgzMMINzdNd i UNTATIIRAMINATS



msslagulasvesnvidindoauasanisudediveudonssninnmmesaainelugi g5y

4 a v v A
wasuulaasadeadeumsmesadinta Fmuh
srEzIMAANNUANANAUTZNIIINgHYTzAT

aUaNzI3e wazdismaihiia* *®

Faffugive
JldAamadiansidytidia@eauasmmsudiai
Yoaldeaiiolszifiuszozveemsinmsaiodad
Tufihouzaduuiinsusimslulswea
wMmINaInIusyys
NANISANEINUINNBUMTINTIET A1
AthouziSaduudisig WBC uaz ANC e
TugeminzandvumsuSmssaiithiiavie
$3d5nm Aedunu WBC asxnnaii 1,000 wsad

aolulasans wazduiu ANC arsannnn 1,500

(30) A < - X
LNBDAAANNLAYIVDINITIAALTD

adee lulAsans
naemsised@sneinuinsiuou WBC anaq
v
a1l TRy MedfAAULAraINSTZIEs A
A o < A oA
souM 1 Tagdnulinlaenuanaind1anoLiio
papasrerIouLIaIM I eied ludasiade
dszanaferas 2.9 dedleyi (p < 0.05) wazlu
A < A '
s0U7 5 wulSinaudiadeavianasnnieums
Mmofdnedovar 14.6 Fediulnaidunnzdia
A s Ao & v o A
tenuImniaNuIuusaantesluszdui 1
$pvaz 17.0 uazszdui 2 Jovaz 10.4 donndoq
o =< a 4a¢ o (28) <y v
AumsdAnves 3ansd gassands'™ Nlddnen
! FZ < 4
naveamImeiadludthonzsadmuiluaying
waznyAnadeIuIudinienvITINANAg
falilosagaitisdhdmadiadisouiumneu
o A == s d’d I~ ¥
mMiMeiiduazanaafaszAviinnusuusanties
a o 4z . o .
ApIZALN | AE tiledugamsiny uasdediu
Yang wazamz®? l@dnrnavesmsmeiadlu
Rl < $% 1 A £ I'4
Hiheuzisaius dexgnvisnn oa szuuduiiug
uazAsyzuazAe MdTuUMsheainem uazwuh
< A A Vo ¢
Wataenvianaunnigalumadlaviusnves
s Y d' I o 1
msine Iaganasiesar 16 weouiuneu

msinyuazanatediadetiloanndlaiiauds

8299

s 'd L% s A o
dlavigameveanisinyn Tasidanmsanas
v93 WBC 3owaz 3.3 dadia (p<0.001) waz
Tuddanvin 7 veamssamdianagnuIuga
doavanadiesas 30 Zachariah wazamuzC®
lafnpnavesmsmeiadludthenzsastiacmag
ANY Y o v Ao a a '
Alansumsmesadsamnusnafsyzuazae wuh
fdssnnudadennnsinanaedaiiiedidoy
N9Enh I@]ﬂaﬂaamﬂﬁqﬂ‘lwﬁaaﬁ’ﬂmﬁuin
YBINITIAEN ua:wm’wﬁnaﬁmﬁqmm WBC
TuszninamssnviuziTannsrseniadszana
6,800 wradaelulpsans Fanavuluriinanada
1/a19 (middle-to-end) Yvoamssaw wazfanyi
Wihenildaas WBC tlegdouEumsinmdiy
w d‘ 1 a é’ 1
MsMe3d wdvadamsaarelugiaareves
m3snpuazinlemanazfemgaiinmsmesad
(rest RT) 4azAnutdod923nnduauszezai
adiul
. = lﬁld ° ~ A
Neutropenia ApnMzNATUIULTALADN
vwtaihnslasmni 1,500 waddelulasans
Tagl ANC uaaaldifiudannuiudindenvn
a a a 4' 1 Y a g ad
silaihnsWanainsadedmsaaivelasisns
JuAudeutlaniasu (phagocytosis) FInNULETE
vaamsaayedzulsnafufusuTuveadia
woavTiainWa i Insiasmlixnn (mild
neutropenia) AvpATIUIU ANC 1,000 @3 1,500
d a 5] d‘ 1 a g
wadaolulasans asiANNLTeIA0NITAALYD
uuanegandiauinllidnties udiie ANC
Taen 500 wadaolulnsans aANNLdedans
a X - % 37) = v X
AnaaztinTugenn®” lumsdniaiaiiny
11U ANC Hunlinanaddntiogmuszeziim
mslasusadsnmn uamsanaslifianuuanaadiy
MIanaa (p < 0.05) WeSeuisufuamneums
M3adine nasdugamamniadinmlinudihe

7R ANC széun 3 wazliwumsngnuinelfy



8300

a é’ G s G LY
MIAALFBYIBNMINYATINYTO¥zaBNINUIIT U
Jiheowail wenaniisiuiu ANC ludihe

N o Yy o ' ¢
annsaingandudgszdvinnni 1,500 wsad
aolulasans lumsasiaaenneumsaesaasnm
Tusevdaly Fedunilsornedingldihimniihe

o da e ot w A
yzifav1anenianziInsiladunnue ldia
AMzAareunsndeuunsy e1viieanniiinsia
A A ™ o Y Apy 1)
Nnaeegdiannsayiminildivane deandes
s = d‘ 1 o a a Y v
AunamsannwuNuIu InsHas e lidurius
fuanuansalumsviminiveaiininswa®®
lumanduiu fihoeneniiazininsiladm
I~ ¥V ) a Aa a &’ k%
Wntlegvisaihunandenaderinanlsnan e ld
4‘ o a a d' A ] ]
Hesnnmahanuvestimslaivaeederals
= ‘1! Y o 1 ] YV o o
Wigawe Fauanaldiriunlianansalsdiausiuiu
fhInsWamnyhineganuansalumsmiinnves
nsiala waznnmsndindeavnriaiiinsia
1n5aIalunszudidennouinadutlszana 12-18
2 v 4 v
Hilua wazazgnananaununlynszanlasiuou
nniszana 1-2 x 10" wadaaiu®? vhlvie
AthelasusdnnmsinnSinadiningilaszanas

4 s £ a a d‘ = o t4
uinIgdaTIMIanaihnsianaunungavanlv
Fnuihnslacnsamunduinlaedasra
FaTUITIAITAMIANYUNNLANLAYIAVTIUIUVD
nsfavazanudrdamendiinlumsvivin
voshinsfladumzludihoudazne telddeya
Tudhuiidwiuthszidihoniianudsagadens
a ‘&’ % a v a %
aarauazl¥lsznoumsnansandadulalunslys
glfFruzaeli

1
(R P

4 Vv %

yanNAUMSAREIATIUTINLNARAY

1w t4 I A a a ar 4
vaamduysaiveaiadenvsfindulnded
(ALC) iaamsy3easnenimanasmniineuns
Misdsnmedelitdvddameana (p < 0.0001)

= 4 Yo o Ao

waziwnltinanadmus ez MM MTUsIdsnmn

Taenuvdadsadumssneviladanyt ALC 3

5oz (AT0UAL UasAE

manasszanafesar 42.7 Wesuiumineu
o w Ao a s (;
msmiedsam waznuamzaulndoddar (Iym-
phopenia) (Andulszanadovas 44.1-74.1 voq
FZAl < $% 1 s % w =]
Athenzsadualuszniamsinnemeiad udn
Wuszdunliguusalasdindna)fuszduin 1 s
1 k4
2 ietdadummeiidnuianugnues ALC
1 %4
nszeiy 3 Auly Aedl ALC tiounth 500 wradee
' 1 k4
Tulasans tindudesas 19 (n = 26) FataFn

@

< A a a v & A ' Ao
Wintdenvnsindnlnlded danuldesadsnen

=

nadiaaeaunsiiatiiinsdla waziiany

annsalumsiudinnmagnimedieiadies
4 I~ ) a a a v v}

ANdiataenrviaidlnsia deandesdums

= ' o X4 | < A

AN A UNINUNNUNHMITANaIUBILAALADA)

Y Fa¥ewaz

(28)

a a o & o o v Ao
siipaulvdea ndamsmnidiam
51-67%7% shueaidenfiu §aisd grssande
nudnnudadeavsiiaihnsaanasnniga
A4 o o ¢ = A a 4
ensuduisadiiaaeasiinou lasanaa
dszinafesar 45 Wedugamsiny lavedn

326U 2 AE uena1nil Nakamura wazaguz

nunanFed Hanuhdedadmnnauiluysane
Sadnen TmenudSinasednszdvlszana 3 Gy
s 1 aAa a s d &
asaaadadiunssentinvesdnlnded ity
$peaz 10 (D10) Teo1vdenaliiinmsandiuIu
a s 4 A 1 A o o  as s 1 d'
vosauFed Twdeasdradiiodifdasunny
lumsnaaeensall mMsnwadidindenvnviia
aulddedinnuldessdinmeradanaliifihe
~ | A a o & A a
HANNLFLINLAAATIUIULTALADAVIITUA
aulndedala anmsdnuludihenszi
Y o % a
vasamsnuNEtheduiesas 37 a1z
a o & e A o ' o P
dulndeadinszay 4 luszrinamssnviaie

@2 wuamzaulnded

$aa“" Tz Sun uazamue
oA X v < v v

andavulugihenzisaumunlszinaiovas
45.4-55.7 Tuszvinamssnmnenesad uandlu

seauilisuusalavdulnajifu CTCAE szdui 1



msslagulasvesnvidindoauasanisudediveudonssninnmmesaainelugi g5y

fia 2 (ALC %34 500-1,000 wradeelulnsans)
fiiioa¥oras 3 Ailnnzanlidedmszi CTCAE
3 (ALC %39 200-500 wradeelulnsans) uazlis
fihonelafinnzaudodaisszdy CTCAE 4
(ALC sah 200 wadeolulnsans) uasiineany
iwmsﬁma:Eu‘[weﬁﬂﬁﬁwﬁs:ﬁuﬁwqﬂ (nadir)
fanuduiusfunadniniemaneinsailsan
Wa“> * Cho wazamz™ GdAnmndthouzise
ez IEART NG e IrdAELANad
MuAIuTadine udraamuiaTnuanldedly
@EANAIMITNE 3 895 Lhau wm‘ﬁjﬂwﬁﬁ ALC
dinh 1,479 wadeaelulasans Adasimsndumn
usveaiiosenludnmihaderdumely 10 7
genhiiheiiil ALC mnnh 1479 waddo
lulasansedhadiioddey TneAaiudevas 16.2
Weufviesasz 1 mud1dy (p=0.0034) donnans

@) Anunsandiu

AUMIANEIVBI Sun UAzAME
sznddnnumgavesdnlnded dudiuiu
aululded Aeumsiny1d1859d (nadir-PLC/
pre-PLC ratio) 18851 < 0.8 22528212813
asavinlsauzi3anlaid (poor disease-free
survival)
4 TNV A
tieaninmsdAnydeunthinyinnig
Ta¥iaandamsmeiadiinanmsvganisnan
P a oA oA
wadtia@eauas MIgytdsiasalusznineg
° 2 A o . =
NUIULNAALABAAT (thrombocytopenia) wasd

v k4
@499 gi5@np1nsail

MIUANVDILTIALADA LA
~ v P v A A o <
Javpamslsziiiunaveammesadinesneuzisa
1) Ay s = A o g A

Wunniaasaddindeaual Iasmsiaadlu-
TnaduuazaduInasatnoya¥niizlaniaeig
Tagmssuunnnzlanandginamienadlulnatun
sEdiunI 12.0 nfusoLa%ans visemaunInase

5(31)

o 1Y = g X '
anaINIIBYAL 3 NMIANRIATIUNDN

1 4‘ S a 1 d' = a Y
AaaedlulnadunazAaas s Inasanaans

8301

o o Ao (S 1 o aa d’ =
midEsnulilianuuandmeiumeddaiio oy
Audneumsmisdine wazwuanuynlaesIn
¥V
veamstiannzladinveneulazvadsvdums
MmeTadinwegnievas 62.2 uazievaz 62.9
o w = a A
Muddy Fadunzladin0anianugunsa
W@ntiesdethunans Aediszaudlnlnaiu 8 6912
Y 1 aa 4! < s 4' % Y
nudelndans Fuduszdvnaunsoudlulade
P Ao 24) 4
doanasINUNANUIToVes Yang uazanz"" 7
Tdwumsuwasuudasszdvalulnaduedredite
ddymaaia eegalsAany Harrison wazamz“®
ladnudthenzGartiamag lud uziSaden
< % e A =
anvIn Nz aiuN wzGaATYzILazae Nz
° X 1 2 =
s ldlvnauaznnniin wziSleauazvasnau
uazuzizihnuagn favue 547 518 WuANNLN
Taosanveamstaannzlaniane (Flulnadu <12
niudeIATAAT) neumImeiadinmegiiizanm
Yovar 41 (Hundie¥evaz 28 wazmedevas 54
uazilataiadummeTidnunnzlatinagaau
Wundla¥esaz 43 wazne¥evaz 63 lasiianu
ynlnesuiufevar 54 Fainduanzlafinna
A < v = A A o
nAANNINUsUantesdathunals Aedlszdy
glulnadu 10 69 12 nSudaadans uasilonsdw
@ = a [ 4 4! I 1 d' s
Hufinausaglade satlumnuansdanms
wasuwlasmsahadia@enuag (erythropoiesis)
Aovduedenzlane Tagdnnusanladed
4' Q' g ] dyd Y % =& A
MyAy dardamsnszqumsainadia@enuaa
naunuvadlunszgn uazdnnusdgladedneas
1 ‘gd v I A d! a
vertamsaiadiadenunsanas Feo1afann
¥ A ' < <
msnamsadanlunszan wu msmnady madu

4D Msdare

Tsanzi59 Mslasusadviseniisnmn
m3iulsala msdlulsady wazmsnaases
- vy Come o
WAaMIANEIATIUNUIN ARC anadaganlgang
maaanludlanin 3 (R3) weisufiumvains

W3edsnuludaid 1 (R1) (p < 0.001) &4



8302

) % I~ A =3 L4
waNINAMIAAMIENUAALAALAILANTIDY LA
o A X o o o Ao o s
AAUNUANTVUNEIN5T 9GS ne luddarvin 4
(R4) aghdlsAeuar ARC aapamsmiadsnmn

k4
ag1u323Und Inedeyaanwamsnaaeatisyinms
% I~ - =3 L4 ]
dudiniaentnianadantoglusIausnvoans
o A IS U % I A
Mesaduazamssednadiataoauaanaunuly
. - v o4 2 2
FenaanIlagveansnesad Fadiurilee1
a Y] A2 oA 1 a =
asunglannmsnidinaeauadliiiinasdaunas
Tulapeuassdmudemsgarnasainmme’ad
warmsifiadenuasiiongdolnomae 120 u™”
< ooy 4 4. v
il linumsuasuwaangaauveaszduam
a a 1 a ?v’ g
glulnatuuazmaninase wazlumsnaasanial
k2L < 4 [l 1 a
wudtheuzsadmundiulngiinnizlaniaaig
I3 £ = s o A= Ta
Wanteendtunalarasnsaesaavdlinians
v ) a o & Ao
aszauMIanasAnladed ndau
I~ A I I's o o
inaataeaussnlsznaudiAnueams
A a A & o N = a &
AAANLABALAZMTUTIIVRILAN FIUNALNAR
wenaziiolgielunszuaidentszina 7-10 Ju
. dy v q A -
wazazgamasninuuazdvlunga Tumsenmn
Y Ha o & A M
asat ldwunizunuindaiaenas (thrombocy-
topenia) (ULAGALdeATBEAT 1.5 x 10° do
lulasdns) ludihereummeiadine uad
d‘ o < - = L% 1 A’
(RAYVDINUIULNAALADAN U T NAAAIRD LD
Yo o Ao 4 = X
AABATZEZ M AU NY waziiedsaay
MIMeFId NUTDUNFALEIAANAINNABUMT
v A= Y 1 o =3 -
MeFidnedesaz 25.0 waAINNUIUNAALADA
zanaIMNIZEz MM lATUSId uAdsagluszy
da 4 v da 5 A
NUANNFYIRBAMZUNIAFDUNAANALNAALADA
' k4
MTley wazueNNNUINUANNYNTABTINYEINS
a o & A o v
AN zIuIuLnantasadlsenasosas 4
R 8 A s o A A A <
Fadunnzindaaenmszaun 1 AsiTIuIUNan
@om 0.75 datlesnd 1.5 x 10° dalulasdas o
1 Y a o % o AA o
FErNaMsIMAdINTaLaz AT 83N IIUIY

“8) M

inaadeatioanm 1.0 x 10° dolulasans 5

5oz (AT0UAL UasAE

Wiadihauaznmsane3idnlsaearindiony
o o ~ o 9 ¥ < A o
s=finssie esnnoramldanzindatasn
k4 ] ]
JULTAULIANANNLTBIAENTHIRBABEN
melusameld Tagagdmsinmdiedadinumly
yziFamuNLarNsisaviaesia 019danane
nundadealunszudidenld™ > * deandes
s a o U L4 49!/4'& U [~ 4‘&/
Aumadeneunhiinanlugiheuzisaniums
o A 1 as 'd o < -
meSadlunaazdlany nuwunaataenanag

N¥owaz 12.0 89 14.6 wazmMsANEIUBY Yang
@4)

= o I~ A
LLaZAUS ﬂwmnmumaﬂLaamﬂmﬂs:mm
v 1 s e £ v
Joyas 9 6l‘Ll"]S’JQﬂ‘ﬂ\'m1’1Ll,iﬂ‘llEl\1f‘nfi?if‘l‘i-:ﬂﬁ"l’)EJ'ﬂﬁ
v A s d‘ % 1
A1833d Lta:a@aﬂuamuaaﬂﬁaﬂa: 1.4 99
davi (p < 0.02)
= \ y X v <
ﬂﬁﬁﬂ'mﬂﬂu‘ﬁuWuﬂﬂﬂ‘uﬂIN“TJUEJNZLN
%4 1 IS A I~ o < 1 a
LWWHNﬁ)uﬁl‘ﬂmﬂJﬂ1)$LaaﬂLL‘]NG]]Li]ﬂ]?ﬂﬂﬂ

(26)

(hypercoagulable state) Fadlomaiinnig

autdengaduluraeadeaduazvasadenuaa

GO yazdanalifaanuiiuihe

geaniithedug
% 4 & o A
unsndoutiosnnifymnirmsuieiivesiaen
a a 4‘ = a Aa k%
AALNA (coagulopathy) Ne1vaguusarudadesIala
X o & v
uanndMIssneInzSamunludszmalne
1 1 & s 1 Id s s
drulnaiumsiaulasmssiidaiiusuduusn
1 4 s k4 Qdd‘ 1 d' a L4
wazadumnfesinemedsausnetdsulving
s dg Vo A o W d!
msFnpATulag@InzmMslasuniiige 9019
1 1 1 a I'4 & A
dananamwInimeIMIudedivedtasn Wall
(51) V= o o a .
wazaz® ladnpigiAmsniveanisiinnae
unsndFeunnmsinmmeaiithia wumsiiaau
tnengadiluvasataenLad (arterial thrombosis)
TudtheuzGamuamlasumsinmoaiithia

352 gz Levine uay

naewiinnsdovas 1
Az 1dhmmesssuuuduulSsuiouany
idoalumsiinlsaduidengadu (thromboem-
bolic disease) “114@38:4:&4Lé’ﬁum:ﬂ:ﬁaaaﬁ

T@5umssnmmetaiintaufuges iy



msslagulasvesnvidindoauasanisudediveudonssninnmmesaainelugi g5y

MISAIMIELANTNTA WUKNAYRIMISAEIAIULAT
iaidrilitiannzanaengadulunaea
GRL N (venous thromboembolism) feenaz
Y = z g Va o A
4.3 vaafthe msdnmeisilladamunavesiad
o R & v A Yo o ~
FnmnludtheouzGadmuunlasumsinmlaoiail
1hiiamnneu Taglaszdiumsudsdiveadenves
Arhedemsfamumimnimeimaudafives
dea 1aun PT, aPTT waze INR dailusilsu
dandiuen PT fiheded PT aulnd wazilu
Cd o< Yty - :
mnmiatasiiavaathenlEnadeunemafussrng
k4 a wva d‘ k4 Y Y s 2
vioalfiianis tweldlddnasgiudiniuly
=) I d‘ Y o 4 a wva 1
Wisuisuwanldnumaanresdfianisuva
auld wmamsnaasendainunen PT, aPTT uaz
INR rdeumsyifedinmdiulvajeglugase
81989 wnuzifihelevar 50.4 (n = 68) He1 PT
N e
Funnidad FamsanwAeunIniny PT Ndu
asduiusAumMstinMIa31e plasma micropar-
ticle tissue factor mnulugithouzdadun®?
waziifthe¥evar 3 (n=4) N1 aPTT dunund
= = ' v X ' A2 o o
FINIANRIADUAUIUNUN aPTT NaUaIduwus
9 6 PT uas

aPTT NduaailidithouzSadianudeanezia

AUMIEANMTASINTONTUINNYY

a A o . VA
anLaeAYAAU (prothrombotic state) WASHILAIN
(54)

m3Andudenluaulilasnsedndre Y e
JaNzranNuuanmveaNinesmsuidadives
[FonrounazndamIhTadinm wuhmaaaiaduy
mMIFnAaay PT, aPTT uwaza1 INR A
athailtloddamaana (p <0.0001) diatioufu
MAsuMIMBIT lnonuaNuLAved aPTT Hfn
NN 40 Ind Aadlulesaz 61.5 (n = 83)
fuusAumsAnuneuiilay Krigsfeld uaz

0 diwudr PT way aPTT Aszeziannu

AU
1 a s v A d' s
andndnaemsmessd wesnnmsnaifedems

uiafYeLaeALNa8 13U Factor VIL IL, V uay

8303

X" ndeyanldiadiig aPTT hitfies
1 1 =) I v Y 1 a
waranyhdemsnsiannzi@eaudasniniilng
(hypocoagulable states) uadaianulidens
A & o & ' Ay X
A529ANZ@ALIIAI3INNUNAMIY UanINil
msnNTaNANzdeaudadnnUn@ daaninsa
Ansanane INR 1adae Tagdtheazgniinisan
NAMIz@eaudednNUad mnwy INR e
wand 1.4%9 lumsAnmaiainuideums
MoFadinnue INR aglugialnd wietaiadu
MIMBTITNUANNYNVDA INR 526UN 1 1iinga
JuiuFesaz 20.0 edalsimudtheliienms
aa = o 1 as s a A
wanamanatin 39 lensmdunamitnaies

aehaAgIdIMTUMIssiummNanes MIudas

voadeald uazliidlundatauina INR Nunuau
v 4 A v o te 4 420X
Tuszeun 1 Aanuduiusiuanudeannnyy
-d' - Y -d' Vo v Ao
neznunnziaensenludihenlasuiadinm
IMTAMTANVUAN AN LN OATIVIAYS I auv e
fafemsudasveatdeauazimnanuduiusuea
MILWNAY (prolonged) ¥oss PT, aPTT uay
INR fuanuddgmandtinludihenlasused
£ 4; U Y 1 &’ ) s v U
faw welddeyaludiviidmiuithsziadihe
a1
2 o o a o :: z - Y
Tedrfinlunuidonseil Ae Lilideya
JTeTURINTINNNANMIATIIT U Toyams
o Y 1 I a s
meFadludtheinduuuumemmnzyiouni
N59DNYIDUU UM UHNIANTIBAUAZADNINLHADI
% ) =§ [ é’d o g &I d'
NaAee FaaztarnalSinasddeiioelnesey
v o a A = ' a sy
wazedenzinafgIaneINNane M NNABINABINS
= a ¢ A o s 2 A
fAne Tagamzmnnimeitnglnuwadingon
a 1 4' =) Y =< t% =
wiaee q uaziisannliiimsdhdstiunnmaems
¢ = PR A e 0w A v
uwnd I9biidunuidandiendnsinlums
ANYIATIUAAAIZUNIATIUIANITIAYIVITD
1 =2 Y A 1 a o :/’ é’
amsal bifaszasaiousavzeld anddeaiail

Jadnsanenuldmmznadensidadinm



8304

lusevsalivitin wazmsdIdeasaiililauen
a Y Y A o o ‘!‘ YVas
Aenzideyadthemugaseraithianlaiy
adaliansamanuduiusszvnanavesenail
hiiaudargasfumsiasuuasvessmniiimes

a a 4 & o - 4
malafiadIngazmmsudeiveaaenla

agll
PANMIANYINAVDINTNFIFSAYIVD

U < % 4‘ Vas [ Y
Athouzdadmuunlaiumsidaiuieenuas
s A o v 1 [ Y 1
Fnmlageuaditniansuudy wuhgnegiihe
TiduRusdunmsuasundassminidmeinia
TafinInenuazmmMsudadiveaden MImesad
Whuifadeniinasdemsiianzsuiu WBC, ALC
wazindatdeamedalitedhdmadna wazdina
% PT, aPTT uaz INR a1 prolonged 143910
o a Ao ] < = Z gi/l
Mmidinm edralsimulumsnynaiaiifiie
lisiemsuansmaadtinuazliifithendeviga
FATENNINMIZINN S9TUFIINAIMIATIVARAN
Wluifegiudsianulasades udmsiamiziaen

s 'd A’ v a I % o
nndlainethszisdamumsinendieiadns
ANsanegesziasyiimuanumnzanune

unna

LONEA591994

1. National Cancer Institute. Hospital-based
cancer registry 2016. 1™ ed. Bangkok:
Pornsup Printing Co., LTD.; 2018. 72 p.
(in That)

2. Siegel RL, Miller KD, Fuchs HE, Jemal
A. Cancer Statistics, 2021. CA Cancer J
Clin 2021; 71: 7-33.

5oz (AT0UAL UasAE

Curigliano G, Burstein HJ, Winer EP,
et al. De-escalating and escalating treat-
ments for early-stage breast cancer: the St.
Gallen International Expert Consensus
Conference on the Primary Therapy of
Early Breast Cancer 2017. Ann Oncol
2017; 28: 1700-12.

Hanna TP, Shafiq J, Delaney GP, Vinod
SK, Thompson SR, Barton MB. The
population benefit of evidence-based
radiotherapy: 5-Year local control and
overall survival benefits. Radiother
Oncol 2018; 126: 191-7.

Dritschilo A, Sherman DS. Radiation and
Chemical Injury in the Bone Marrow.
Environ Health Perspect 1981; 39: 59-64.
Niemantsverdriet M, van Goethem MIJ,
BronR, et al. High and low LET radiation
differentially induce normal tissue damage
signals. Int J Radiat Oncol Biol Phys
2012; 83: 1291-7.

World Health Organization. Technical
specifications of radiotherapy equipment
for cancer treatment Geneva, Switzerland:
World Health Organization; 2021 [October
1, 2021].

Kotenko KV, Bushmanov A, Suvorova
LA, Galstian IA, Nadezhina NM, Nugis
V. [Hematopoiesis during remote period
after acute radiation syndrome]. Radiats
Biol Radioecol 2011; 51: 60-9. (in

Russian)



msslagulasvesnvidindoauasanisudediveudonssninnmmesaainelugi g5y

10.

11.

12.

13.

14.

Gluzman-Poltorak Z, Vainstein V, Basile
LA. Association of Hematological Nadirs
and Survival in a Nonhuman Primate
Model of Hematopoietic Syndrome of
Acute Radiation Syndrome. Radiat Res
2015; 184: 226-30.

Calvi LM, Frisch BJ, Kingsley PD, et al.
Acute and late effects of combined internal
and external radiation exposures on the
hematopoietic system. Int J Radiat Biol
2019; 95: 1447-61.

Luntsi G, Daniel VS, Nwobi CI, Paul BT.
Effect of Low Dose (Diagnostic X-Rays)
on Peripheral White Blood Cells Count in
Guinea Pigs (Cavia porcellus). 2019.
Salako O, Okunade KS, Adeniji AA,
Fagbenro GT, Afolaranmi OJ. Chemo-
therapy induced neutropenia and febrile
neutropenia among breast cancer patients
in a tertiary hospital in Nigeria. Ecancer-
medicalscience 2021; 15: 1188.

Lauffer DC, Miglierini P, Kuhn PA, et al.
Impact of adjuvant radiotherapy on
biological and clinical parameters in right-
sided breast cancer. Cancer Radiother
2021; 25: 469-75.

Gerber LH, Stout N, McGarvey C, et al.
Factors predicting clinically significant
fatigue in women following treatment for
primary breast cancer. Support Care

Cancer 2011; 19: 1581-91.

15.

16.

17.

18.

19.

20.

8305

Raza U, Sheikh A, Jamali SN, Turab M,
Zaidi SA, Jawaid H. Post-treatment
Hematological Variations and the Role of
Hemoglobin as a Predictor of Disease-free
Survival in Stage 2 Breast Cancer Patients.
Cureus 2020; 12: €7259.

Puchala M, Szweda-Lewandowska Z,
Kiefer J. The influence of radiation
quality on radiation-induced hemolysis
and hemoglobin oxidation of human
erythrocytes. J Radiat Res 2004; 45:
275-9.

Tanke HJ, van Vianen PH, Emiliani FM,
et al. Changes in erythropoiesis due to
radiation or chemotherapy as studied by
flow cytometric determination of periph-
eral blood reticulocytes. Histochemistry
1986; 84: 544-8.

Rode I, Horvath M, Petranyi J, Kiss B.
Investigation of a valuable biochemical
indicator in radiotherapy. I. Immunologi-
cal tests and reticulocyte number. Strahlen-
therapie 1979; 155: 387-91. (in German)
Krigsfeld GS, Sanzari JK, Kennedy AR.
The effects of proton radiation on the
prothrombin and partial thromboplastin
times of irradiated ferrets. Int J Radiat Biol
2012; 88: 327-34.

Krigsfeld GS, Savage AR, Sanzari JK,
Wroe AJ, Gridley DS, Kennedy AR.
Mechanism of hypocoagulability in

proton-irradiated ferrets. Int J Radiat Biol
2013; 89: 823-31.



8306

21.

22.

23.

24.

25.

26.

27.

Begtrup KM, Hojbjerg JA, Offersen BV,
Hvas AM. Adjuvant radiotherapy does not
affect hemostasis. Platelets 2019; 30:
387-95.

Recht A, Come SE, Gelman RS, et al.
Integration of conservative surgery, radio-
therapy, and chemotherapy for the treat-
ment of early-stage, node-positive breast
cancer: sequencing, timing, and outcome.
J Clin Oncol 1991; 9: 1662-7.

Fowler JF, Lindstrom MJ. Loss of local
control with prolongation in radiotherapy.
Int J Radiat Oncol Biol Phys 1992; 23:
457-67.

Yang FE, Vaida F, Ignacio L, et al.
Analysis of weekly complete blood counts
in patients receiving standard fractionated
partial body radiation therapy. Int J
Radiat Oncol Biol Phys 1995; 33:
617.

Lundgren MdSFdS, Cavalcanti MdSdM,
Sampaio Dd. Weekly monitoring of the
effects of conventional external beam
radiation therapy on patients with head and
neck, chest, and pelvis cancer by means
of blood cells count. Radiologia Brasileira
2008; 41: 29-33. (in Portuguese)

Stein PD, Beemath A, Meyers FA, Skaf
E, Sanchez J, Olson RE. Incidence of
venous thromboembolism in patients
hospitalized with cancer. Am J Med
2006; 119: 60-8.

Zakai NA, Ohira T, White R, Folsom AR,
Cushman M. Activated partial thrombo-
plastin time and risk of future venous
thromboembolism. Am J Med 2008; 121:
231-8.

28.

29.

30.

31.

32.

33.

5oz (AT0UAL UasAE

Suwannalai T. Routine blood monitoring
during adjuvant radiotherapy for breast
cancer patients. J Thai Assn of Radiat
Oncol 2015; 21: 34-49. (in Thai)

Shi Y, Au JS, Thongprasert S, et al. A
prospective, molecular epidemiology study
of EGFR mutations in Asian patients with
advanced non-small-cell lung cancer of
adenocarcinoma histology (PIONEER).
J Thorac Oncol 2014; 9: 154-62.
National Cancer Institute: CTEP: Common
Terminology Criteria for Adverse Events
(CTCAE) Version 5.0 [Internet]. National
Institutes of Health, National Cancer
Institute. 2017 [cited 2022 May 13].
Available from: https://ctep.cancer.gov/
protocoldevelopment/electronic_
applications/docs/CTCAE_v5_Quick_
Reference_8.5x11.pdf.

Ifc. In: Keohane EM, Otto CN, Walenga
JM, editors. Rodak’s Hematology (Sixth
Edition). St. Louis (MO): Elsevier; 2020.
p. IFC1-IFC2.

Fritsma GA, Walenga JM. 39 - Throm-
botic disorders and laboratory assessment.
In: Keohane EM, Otto CN, Walenga JM,
editors. Rodak’s Hematology (Sixth
Edition). St. Louis (MO): Elsevier; 2020.
p- 720-45.

Ronald H. Hematology Basic Principles
and Practice. 5" ed. Philadelphia
Pa: Churchill Livingstone Elsevier : MD
Consult; 2009.



msslagulasvesnvidindoauasanisudediveudonssninnmmesaainelugi g5y

34.

35.

36.

37.

38.

39.

Marcogliese AN, Yee DL. Chapter 162 -
Resources for the Hematologist: Interpre-
tive Comments and Selected Reference
Values for Neonatal, Pediatric, and Adult
Populations. In: Hoffman R, Benz EJ,
Silberstein LE, et al., editors. Hemato-
logy (Seventh Edition): Elsevier; 2018. p.
el-e26.

Luntsi G, S. Daniel V, I. Nwobi C, T. Paul
B. Effect of Low Dose (Diagnostic X-
Rays) on Peripheral White Blood Cells
Count in Guinea Pigs (Cavia porcellus)
2019 [cited 2021 October 21]. Available
from: https://www.intechopen.com/chap-
ters/63050.

Zachariah B, Jacob SS, Gwede C, et al.
Effect of fractionated regional external
beam radiotherapy on peripheral blood cell
count. Int J Radiat Oncol Biol Phys
2001; 50: 465-72.

Weksler BB, Schechter GP, Ely S.
Wintrobe’s Atlas of Clinical Hematology:
Wolters Kluwer Health; 2018.

Hubel K, Hegener K, Schnell R, ef al.
Suppressed neutrophil function as a risk
factor for severe infection after cytotoxic
chemotherapy in patients with acute non-
lymphocytic leukemia. Ann Hematol
1999; 78: 73-7.

Lee A, Whyte MK, Haslett C. Inhibition
of apoptosis and prolongation of neutrophil
functional longevity by inflammatory
mediators. J Leukoc Biol 1993; 54:
283-8.

40.

41.

42.

43.

44,

45.

8307

Nakamura N, Kusunoki Y, Akiyama M.
Radiosensitivity of CD4 or CD8 Positive
Human T-Lymphocytes by an in Vitro
Colony Formation Assay. Radiat Res
1990; 123: 224-7.

van Rossum PSN, Deng W, Routman DM,
et al. Prediction of Severe Lymphopenia
During Chemoradiation Therapy for
Esophageal Cancer: Development and
Validation of a Pretreatment Nomogram.
Pract Radiat Oncol 2020; 10: e16-e26.
Sun GY, Wang SL, Song YW, et al.
Radiation-Induced Lymphopenia Predicts
Poorer Prognosis in Patients With Breast
Cancer: A Post Hoc Analysis of a
Randomized Controlled Trial of Postma-
stectomy Hypofractionated Radiation
Therapy. Int J Radiat Oncol Biol Phys
2020; 108: 277-85.

Cho O, Chun M, Kim SW, Jung YS, Yim
H. Lymphopenia as a Potential Predictor
of Ipsilateral Breast Tumor Recurrence in
Early Breast Cancer. Anticancer Res 2019;
39: 4467.

Stohlman FJ, Brecher G, Schneiderman
M, Cronkite EP. The Hemolytic Effect of
Ionizing Radiations and Its Relationship
to the Hemorrhagic Phase of Radiation
Injury. Blood 1957; 12: 1061-85.
Krylov VN, Deriugina AV, Pleskova SN,
Kalinin VA. Apoptotic nature of erythrocyte
hemolysis induced by low doses of ionizing
radiation. Biophysics (Oxf) 2015; 60:
79-84.



8308

46.

47.

48.

49.

50.

51.

Harrison L, Shasha D, Shiaova L, White
C, Ramdeen B, Portenoy R. Prevalence of
anemia in cancer patients undergoing
radiation therapy. Semin Oncol 2001; 28:
54-9.

Franco RS. Measurement of red cell lifes-
pan and aging. Transfus Med Hemother
2012; 39: 302-7.

Cox JD, Stetz J, Pajak TF. Toxicity crite-
ria of the Radiation Therapy Oncology
Group (RTOG) and the European Orga-
nization for Research and Treatment of
Cancer (EORTC). Int J Radiat Oncol Biol
Phys 1995; 31: 1341-6.

Blank KR, Cascardi MA, Kao GD. The
utility of serial complete blood count
monitoring in patients receiving radiation
therapy for localized prostate cancer. Int J
Radiat Oncol Biol Phys 1999; 44: 317-21.
Levitan N, Dowlati A, Remick SC, et al.
Rates of initial and recurrent thromboem-
bolic disease among patients with malig-
nancy versus those without malignancy.
Risk analysis using Medicare claims data.
Medicine (Baltimore) 1999; 78: 285-91.

Wall JG, Weiss RB, Norton L, et al.
Arterial thrombosis associated with adju-
vant chemotherapy for breast carcinoma:
a Cancer and Leukemia Group B Study.
Am J Med 1989; 87: 501-4.

52.

53.

54.

55.

56.

5oz (AT0UAL UasAE

Weiss RB, Tormey DC, Holland JF,
Weinberg VE. Venous thrombosis during
multimodal treatment of primary breast
carcinoma. Cancer Treat Rep 1981; 65:
677-9.

Levine MN, Gent M, Hirsh J, ef al. The
thrombogenic effect of anticancer drug
therapy in women with stage II breast
cancer. N Engl J Med 1988; 318: 404-7.
Mi XK, Liu QR, Zhu L, Sang MX, Guo
LR, Shan BE. Mechanism of the high
coagulation state of breast cancer tissue
factor. Eur Rev Med Pharmacol Sci 2017;
21: 2167-71.

Korte W, Clarke S, Lefkowitz JB. Short
activated partial thromboplastin times are
related to increased thrombin generation
and an increased risk for thromboembo-
lism. Am J Clin Pathol 2000; 113:
123-7.

Tuan TA, Ha NTT, Xoay TD, My TTK,
Nghiem LT, Dien TM. Hypocoagulable
Tendency on Thromboelastometry Associ-
ated with Severity and Anticoagulation
Timing in Pediatric Septic Shock: A
Prospective Observational Study. Front

Pediatr 2021; 9: 676565.



