PHEBAHLEFALFEFEEL

3R 4F2

v A A R R R R

¥

¥ RMERA R 2L

s
72

21
21
#
#

o

—

3

T
i
M

AR

 MOST 104-2314-B-040-001-
© 104#08% 01p 2 106#07* 31p

v J-v%% =< %%%?’,Tg\g@g&ﬁig )

Do EAR

DA E  E RIS P

DA TTE 4 - EmE 23R
AT 4 - T %y
LRI ab RS G 10F R ]

B 106 & 10 * 27




N
v B4
Boeo4p &

P RpiekicREDEE L L P »ATETFY L - R )%,r.)g
HARM A1 G ¢ BAARFT T o BFVRY wﬁ,%@ﬁéw@m@&
ﬁ]%f ;‘:7@"&"&}'}:’17@4 a%k%“ﬁ]&wﬁlmﬁ ,;}_r'}il__o&g
"J'Sﬁé\ FEH Fy_ﬂg ’]f_;:'g/n\;j )%vf, I% ié l[ﬁ%ﬁm/a B o~ * [ *‘?‘ D '3"1%;1
AR AR LA e ‘##z.fﬁf;&frﬂ T
> e BB LD ft)%}i?fﬁ fod é’fﬂﬁ,ljf%‘fr'ih }%r E—ﬁfg-._,‘:;_'%z =4 ECE T FfE’ GRER-2
Eﬂ‘;z o H 1) 3N f]’“ I,('H‘!"F%'rilz’f‘%é 55:?’;,’%\%13;5 y ;'{g;ﬁ_lp;‘, ')%'%Jz%:\“‘
AR 2 S RS S i R

¢JE£H #164? FEL 2 5 B> A frdb 20 ¥ HR e o @ vTh £

%}%A@% PE I PSR BP 3L RTINS S
%\;}q.)( iL}%w:}q-:v: o ¥ UL A ER l"/%fsz,L 127 p 3%
XiBiG om < ¥ J"h&_‘ PR G RERGOLTE Z %5;.?_.."&;4 ac B
(rs—fMRI » ¢ % ALFF£2ReHo) ~ if * 4tk S~ d= 8 £ (GQI -
7z GFA, NQA2ISO )~ 2Rl A~ 17 °

?rl

»
n\‘"

NP S BT RS AE L T R (s & ﬁ# NS _rﬁip_;&)é,:]grg
AT E e o GQLap o At )%ﬁﬂ%é%&;ﬁsﬁ;ﬁﬂ% o om A
fs 8P 5 R e f?J};TE’,‘P?“*" 4 IanLFF’ﬁ By e I ¥ BIvA®
wﬂpwwwom@ Qﬁ#%ﬂﬁ%wa%ﬁﬁ*ﬁﬁﬁb%q
&@;m%u T G J-,h:&_bki B ’P"‘&X “'K/n\ i‘Jme 4 ﬁ,&,q‘ » N L }%(
¥ )Tﬁ}.}* B & ,__‘g‘,yv]v}m*f];_p%;% RN T o A e T U
@f%ﬁ*ﬁﬂ”““ﬁ‘ﬂﬂ‘”“”mkwa%wnwiaiaﬁﬂ
)%#Bfﬁémﬁ. FOLRHIAREEE IR FENLLL

PR FEAl G o~ P FEsR B LES L ERER LY AT
BB RN Bl A 1

: Recent advance in primary treatment of breast cancer marks

the importance of the post-treatment care. Cancer-related
trauma after chemotherapy have been widely reported by
breast cancer survivors. Given that the cancer traumatic
experience contains multiple and chronic stressors during
diagnosis and treatment courses, it differs from other kind
of traumatic event. The aim of this neuroimaging study was
to assess the changes of brain structure and function
between breast cancer patients and normal controls.

The study included 64 adults with breast cancer being
diagnosed and 46 normal controls. 32 women with breast
cancer were treated with chemotherapy and 32 women with
breast cancer were not treated with chemotherapy. Magnetic
resonance imaging scans and psychometric testing were used
to assess the participants. For the women with breast
cancer and were treated with chemotherapy, the assessment
was performed 6 to 12 months after chemotherapy. Resting-
state functional connectivity (rs-fMRI, including ALFF and
ReHo), generalized gq-sampling imaging (GQI, including GFA,



o M

NQA and ISO), and graph theoretical analysis were used to
analyze the alternations of brain function, structure and
network during the the investigations.

Our results showed brain function and structure alteration
and brain network change in breast cancer women before
and/or after chemotherapy. The structural alteration was
observed in the breast cancer group with GQI indices. Our
results also showed altered mfALFF in dorsal attention
network in midterm post-chemotherapy breast cancer group
and potentially related to cognitive assessment. Graph
theoretical analysis revealed different topological
organization and poor local segregation of both structural
and functional network in the chemotherapy-treated breast
cancer patients. The results may provide the evidence of
brain structural and functional changes and brain network
alterations in women with breast cancer.

breast cancer, cancer-related trauma, chemotherapy,
resting-state functional MRI (rs-fMRI), generalized q-
sampling imaging (GQI), graph theoretical analysis
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English Abstract

Recent advance in primary treatment of breast cancer marks the importance of the post-treatment care.
Cancer-related trauma after chemotherapy have been widely reported by breast cancer survivors. Given that
the cancer traumatic experience contains multiple and chronic stressors during diagnosis and treatment
courses, it differs from other kind of traumatic event. Although previous research has demonstrated smaller
hippocampus, amygdala, and prefrontal cortex in individuals with post-traumatic stress disorder, and smaller
frontal, temporal lobe as well as decreased cognitive function in individuals after chemotherapy, there remains
a paucity of neuro-imaging studies in cancer-related trauma and chemotherapy survivors. The aim of this
neuroimaging study was to assess the changes of brain structure and function between breast cancer patients

and normal controls.

The study included 64 adults with breast cancer being diagnosed and 46 normal controls. 32 women with
breast cancer were treated with chemotherapy and 32 women with breast cancer were not treated with
chemotherapy. Magnetic resonance imaging scans and psychometric testing were used to assess the
participants. For the women with breast cancer and were treated with chemotherapy, the assessment was
performed 6 to 12 months after chemotherapy. Resting-state functional connectivity (rs-fMRI, including
ALFF and ReHo), generalized g-sampling imaging (GQI, including GFA, NQA and ISO), and graph
theoretical analysis were used to analyze the alternations of brain function, structure and network during the
the investigations.

Our results showed brain function and structure alteration and brain network change in breast cancer
women before and/or after chemotherapy. The structural alteration was observed in the breast cancer group
with GQI indices. Our results also showed altered mfALFF in dorsal attention network in midterm
post-chemotherapy breast cancer group and potentially related to cognitive assessment. Graph theoretical
analysis revealed different topological organization and poor local segregation of both structural and
functional network in the chemotherapy-treated breast cancer patients. The results may provide the evidence
of brain structural and functional changes and brain network alterations in women with breast cancer and

highlight the importance of the breast cancer-related trauma and chemotherapy.

Keywords: breast cancer, cancer-related trauma, chemotherapy, resting-state functional MRI (rs-fMRI),
generalized g-sampling imaging (GQI), graph theoretical analysis
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AFE T P B4 AR IR i3 B (resting-state functional MRI, rs-fMRI) # 24 3 <48 3k +f 4 # (fractional
amplitude of low-frequency fluctuation, fALFF) 2 % 3 I B 1% (regional homogeneity, ReHo) £ id * 4k
BB~ B4 3= 15§ (generalized g-sampling imaging, GQI) # e e thoa 4503 5% » R4FH T ¥ 4 - S %
CRETESRCREZEZRNRH RS cEe TRy L B 5B %A 17 (graph
theoretical analysis, GTA)#£2 £ »* % g su2t & 47 (network-based statistic analysis, NBS) & t* fi ¥ %2 B # it
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21 BE RN

LA E 64 o PR L AL o B B2 A A R B B RE AR 32
AW AEFR Y G A6 LR LIT S MR R R & 3.0T BiRdF 4 & (Verio, Siemens, Germany)
EFMRIHE ¢ HFEFFLES L ERRSRE LY PO RERRE - Vb 1) X3

TERERR AR A £ A Ko E R ¢ 35 MMSE, CAMS-R, IES-R, HADS {r FACT-COG % -

£ % . SPM (Statistical Parametric Mapping, Wellcome Department of Cognitive Neurology, London,
UK) ~ REST (RestingState fMRI Data Analysis Toolkit, Lab of Cognitive Neuroscience and Learning, Beijing
Normal University, China) ~ DSI studio (National Taiwan University, Taipei, Taiwan) - GAT (Graph Analysis
Toolbox, Stanford University School of Medicine, Stanford, CA, USA)£ NBS (Network-Based Statistic
toolbox, Melbourne Neuropsychiatry Centre, the University of Melbourne and Melbourne Health, Australia)
FEMEEHAIL 2 F AT AT PR ERIORT Bt S PR BRE R A S

CHRBRE B F AHB R R HECREEE AT LB

22 RERAK B %

& * 3 Tesla & MRI # % (Verio, Siemens, Germany)# iz EPI & 7| k3P ird 2 > # it iR

\
\\Xr

Bk T : TR/TE = 2000/30 ms ; voxel size=3.4 X 3.4 X 4 mm?® ; number of scan=300 and 31 axial
slices > @ AFITEEEF >0 > NPEFE B Ep Er AT e 2 A 28k 0 TR/TE =

8943/115ms ; b & =0, 1000, 1500, 2000 s/mm? » % % 64 B 2R3 % 5 g T #K(NEX) =1 -

2.3 F g

PR o 17 A 5 = 384 0 A Bl E_Voxel based analysis > Graph theoretical analysis §= Multiple
regression analysis o B~ 8 % il 2 s > 4 S FA ST RHRCFHFD PR REZ e ARk
i€ % SPM AR (7R e i > H B e F 7 h R oD~ IR R D~ RE 2 T
it (ReHo 7w pt ¥ #) FeldB % g o gkl REST iy "*:‘_EE’_,S‘a Lis 0 A Wi {7 fALFF ~ ReHo = #& 7

Feadr o FFL 2 SPM 4 w38 fALFF 2 ReHo 7 voxel-based two-sample t-test analysis (VBA). &
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EPHEACR o 7 F o A @+ DSI studio A 473 * AT BB~ B 4k i3 B2 (generalized g-sampling
imaging, GQI) » iz & - &7 K E > kA F PFHiclicdr £ 2 2 » & & S #c(orientation distribution
functions, ODFs)ifq 7 B £2& 2 2 - ¥ €22 GQI hipike FER &~ Bt w B (generalized fractional
anisotropy, GFA )~ & = I 1% (isotropic, ISO ) fri% % it thz § & w» B 4 (normalized quantitative anisotropy,

NQA)- H ¢ GFA H k& 3 #fcd » BRI 5 QA L& 2 kA F n FH S840 v ifichi» B

P E ; NQA #4587 QA ; ISO #_ODFS ehde | A fi & » F]pt v R 4 & o b 13T

Bis 1% GAT 17 % "ox it 2 S PRl 4~ 17 S NBS EHE § i g B E - ) B i
i E o AP A FEFOIMELREM om AN 2 R ELA G 0 UH R itk fALFF, ReHo £ ¥
¥dp & GFA, NQA, 1SO =% % 41 * SPM = multiple regression » 4 &] 2 & £ £ /& fcil (7 4p B (£t i

PEE R A i B o

2.3.1 # 5 i # i BeidRid B2 4 45 (resting-state functional MR, rs-fMRI)

SRR S I S L I B A o iy T
FREABRS A THAMRAEFZA G2 AR 5L B s B RY § LR
e B I &k £ K,fft P F R B s AP AP @ % SPM (Statistical Parametric
Mapping)3t 7 2 i R o & X R h A P i R - BISE (707 5 PR A AL (slice timing) ~ 4

Z it (realignment) ~ %2 it (normalization) 2 7 & T 7 it (smoothing) -

¥ & P8 2 (functional connectivity)

HEFXF G adLis > A PEFRE Y REST ifE 7 T - Heans 7 L B 1% 8¢ awd i L
7 % (functional connectivity, FC):& {7 # 4, & # it £ 82 ™ e i (8 % & 47 (Smith, Walker et al.
2009) o 2\ ip* K- 48 B o T = il 34 7 2 A (detrend) 2 gk (filter) snag® o 2 AP R
Frda 7 a0 PR PR d AT R HE BB Flimg Mt AR L%‘L«iﬁf v 2t PR B
AL o TH L G RN RAFLE T A AR P F T R 0.01-008 HZ 2 B 0@ &
IE RIS 2 B R LR & 0 TN PR R IT R R R A 0.01-0.08 Hz 4% F| 0.01-0.12
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c R F R BT BB 9k %0 REST chet il P A 45 > L5 6 ek T8 T Beni=§ 10 1
H i AR 2 g s B A (Voxel)ie FAR B g E o B LR BAR T enL T X ] o AP 4R
R Z < 3mmx3mmx3mmo X E ROI X2 % 3mmo &3 - B i- BHE <] o+

LR AT o

MNI &3 gLEb 246 F

FoapmE s A4 MNI REHE ¢ g = 8 175 & 47 0fd+ 2k o MNI 4R 3 S 04 2 d
Montreal Neurological Institute #73% & A "&i% 2% "G# 4 » & 7z amygdala, hippocampus, thalamus, visual
cortex, motor cortex, posterior cingulate cortex, anterior cingulate cortex, precuneus cortex, frontal lobe o 2% i

AR E FLAF 8 (RO 2% 3mm) & REST &7 Aa 47 @ F|%d SepEF® 2+ R F

= X5 4p kA 47 (ROI correlation analysis)

AR AT A F BB P LR R 0 k> AR AR GERK AR E A B R s iR I
B o 4o TARBRALS > ¥ 3 BREDEFR R 7R T LA Wi B|7 4R * Pearson 4p B %
Bcky - BRI R B B enAp MM Do AT TMRI chdp B A 47 F § & L g #ARGH R (ROI) 1T 5
A+ B R R RO THEER A S Ha® M F AR R 72 B ihdp B e BT ROI B
MenT ol A E r(i),i=12,. . 08 B R R - WE R AL s(1),i=1,2,...,0,0] A B R F| 2

B cridp B (2 fiche ™

Yisalr@) —R] - [s() — §] - 1 R | .
,R=-)> r(Q,S :—ZS(I).

JE?zl[r(i) ~RALbO S = =

Corr(r,s) =

G AR B AT S BT S ¢ M R F K AR M T ko ke, B
$HAD I 7 HCER R S T 0 I G SR - A e v REST @ 5Iend B BAY S st il R T
PRI A B AR > SR BRI A BTN BAMER R Bk B3 E R

1348 = v (amplitude low frequency fluctuations, ALFF)




MR IR A T ] EE R R AR T o R A SIS B e & 2 F e SNk P
P ARE AR R S0 IO e T 0 gt B e 3] e0 ALFF BRIV 0 & >

RR TR R S A B I -
c2(f) + b2
ALFF — Z M
k:f €[0.01,0.12]

¥ % [+ B {2 (regional homogeneity, ReHo)

AVEFORNEHFL T L Ao A 2 £ H B EOBEK > FEFFF 2 (regional
homogeneity, ReHo) * 7 B & A3t iz - B 325 - TIERT > # i & P Ap A48 2 0 BOLD U 5LAg pF
Bt &3 4p 0t B35 ¥ 48 fo3 T #i(Kendall’s coefficient of concordance, KCC) » #-H i 1
AR TAMB I FERENS V- R - BPEPK B EZRFHKCCE A

2(R)*—nR)> _ (n+1)K
KCe = K2(n3 —n)/12 "’ R= 2

2.3.2 #* FHITA BB I= g F2(generalized g-sampling imaging, GQI)

W FACA B ER GQI & - itk BT > ¥ TR BRIV A+ AT ;ﬁ ™
E2A GRS £ 2 GQI ¥ 1 f2id DTl @2 faddg feenlg i A2 R & 0 2 add g 5
GQI 8. e = NAk4p 5 ¥ % % 24 DTI 24 (Yeh, Wedeen et al. 2010) - & * FSL #-# i % e
F 4Bt Eddy Current Correct » ¥ i * SPM (Statistical Parametric Mapping) #-8> if ¥ =3+ B & > ¥
FHRA AP AR R 5] T2 #4950 £t i@ * DSI Studio #-32 £ 5 GQIl - GQI 282 s 17 ¢
# R &~ 8k w» B 1 (generalized fractional anisotropy, GFA) ~ & = I £ (isotropic, ISO) feik 2 it e
T ¥ & w B (normalized quantitative anisotropy, NQA) - GQI ¥ 2> "4l Sk g gediy > 2 B @
2

EEH 0I5~ &R 5 702’%%AAL1‘3“.:%FW§%5'ETI}£‘/FJ‘§ A4 %] 5 90 x 90 ehEgiEaErL o

2.3.3 W 253 % (graph theoretical analysis)

87532 %4 (graph theoretical analysis)®_ - BiT#& k¥ A4Ls3l* AzF % = }F*Jep\ A AE R 0 BB A

et

i# 3% 18 & 2h(node) frif 4 (edge) it 4 4 2 i (F e cri@ B 0 H ¥ §ghenins § @ ¥ R o AAL
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G BLR R R IS Uk 0 By & (degree) it e Pl E Ay it & R H B S BRI R 0 R
B (density) sFoe & St T DGR IR ST T AL PR AR O o 1 4B A B i R Tl
PR TL e Pk BRERREZROPRE Y MF PP GRILEF RS #a bmped
(structural or functional connectivity matrixes) 4 47 % ¥ B~ 18 4 25 54 50 |44 B ] (Korgaonkar, Fornito et

al. 2014, Sporns 2014) -

AP AR R N RE b o KRR IR Y BT 3 R et R ahip i S
= F § "2 (clustering coefficient, C) ~ # ks i £ & (characteristic path length, L) ~ %2 it & & % #ic
(normalized clustering coefficient, y) ~ &% it & ke /& £ & (normalized characteristic path length, &) ~ /|- £
B & 1 (small-worldness index, o) ~ & #8225 (local efficiency, Ejoca)) ~ 2 "4 7% 5 (global efficiency, Egiobar) ~
I %7 % (assortativity) ~ & 1L (transitivity) e fic e it (modularity) > p < 0.05 4% 4R & & § %3+ & & o Clustering
coefficient &2 local efficiency iz = B84 & & g 5 5v » & 4 > B ¢ clustering coefficient & * &
IR pr 2 BH R 2R 0 @ local efficiency P E_% & e it 2. BF L e 4o > 52 B Sdieens #ic
AXB R AT Ao Ba gk B A L chi 4 A%4F o Characteristic path length 4 global efficiency iz =
BINL F g a4 2 ahig 4 0 B @ characteristic path length £ & i %6 % 2 BF L #6304 e 4
@ global efficiency B|&_i % T {72 4 en3 & »xF » § characteristic path length 4 #cdx i< 4= global
efficiency ~ A% B N 4 7 % % BP0 L B & fo R indR § 4 AXE- - Gamma v lambda > 4 %] £_i% i
¥t clustering coefficient {- characteristic path length & 7 100 i S 4% " ¥ ek 28 14 B~ 17 o £ {8 chsigma P
A3 oo 2 R B 0 B4 1R i {2 o clustering coefficient {- characteristic path length 4p % B iR s
A AR F P & A A B e L B & et i A%4F o BrainNet Viewer Plak % R BEILE R 1Y R 2 %

}J’]‘;% 'fr'_l_”'#f tRE4FL 2 5 iE NBS #4716 & &F‘%‘ A B enie
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3.1.4 Multiple regression
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3.2 LB VS ¥
3.2.1VBA
% ReHo e VBA ~ 47 ¢ » #3R & ? ¥ £ w (middle occipital gyrus) ~ = g £ (left frontal lobe) ~

+ & w(right angular) ~ % 4% i (right anterior cingulum) - + 7& ¥ (right parietal lobe) + = £z # (left
precuneus) ~ # 2l # ¥ (bilateral temporal lobe) % #5 % » B it Jm A M R PR B R FIEA NI F L oA &

= #e & (left precuneus) ~ - ] ¥ (right temporal lobe) ~ - 2] ¢ & & % w (right precentral) » & ¥ * %o %

T B LA R A

Figure 32.1.1 (@)* M E® ~(O) 2 ¥ O+ & ¥ (P dcFir @+ TE ()25 £ (QEHFE
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Figure 3.2.12 @)=+ £ - D)+ RIFE O+ R A ED ¥ » EF A BHT PR R AT RD R
A o

& ALFF (7 VBA & 477 > % 3 A g ] & w (bilateral angular) ~ = g ¥ (left frontal lobe) ~ = #: # (left
occipital lobe) ~ = ] ™ & & (left inferior parietal lobe) ~ = = # (left precuneus) - + % _ w (right
supramarginal gyrus) ~ + g ¥ (right temporal lobe) ¥ #& % - it = I R ATy i ¥ Ao At
2p ¥ (right frontal lobe) ~ + +: ¥ (right occipital lobe) ~ = # ¥ (left temporal lobe) ~ + & #5(right thalamus) -
¥

R U ER S Y & F R

Figure3.2.1.3 @Q)E R &% ~ (D) 2FE - C) 2P E (2B TETE @ 2tnE -OL5%+ v ~(9)% 7l
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3.2.3 NBS
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3.3 f“Fis VS ¥
3.3.1VBA
# ReHo 7 VBA 4 477 - &+ & w(right angular) ~ = g £ (left frontal lobe) - + 7 £ (right parietal
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3.3.3NBS
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3.4 GQI
3.4.1 Voxel based analysis

FeRpit frlediftmAit et o 248587 0 UK eonR T a9 GFA fr NQA =28 ¥

14 ISO B E L F (p<0.01)> 4o B -

Figure 3.4.1.1 (a) Right superior longitudinal fasciculus, GFA and NQA (after < before), (b) Right posterior
corona radiate, GFA and NQA (after < before), (c) Right superior longitudinal fasciculus, GFA and NQA
(after < before), (d) Left middle frontal gyrus, ISO (after > before)

TR R e B R AR 0 AR RES 0 PR BT T 0 GFA o NQA 58 F ¥

“ (p<0.01) 4= M@ -

Figure 3.4.1.2 (a) Left superior corona radiata, GFA and NQA, (after < control), (b) Left superior frontal gyrus,
GFA and NQA, (after < control), (c) Left middle frontal gyrus, GFA and NQA, (after < control)
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PR AR led R ER e > AT RS T 0 SR A R EaE B E o GFA {r NQA 324

5 ISOELEF (p<0.0Ll) 4o B -

Figure 3.4.1.3 (a) Left pre-central blade, GFA and NQA (before < control), (b) Left superior frontal gyrus,
GFA and NQA (before < control), (c) Left Middle frontal gyrus, GFA and NQA (before < control), (d) Body
of corpus callosum, GFA and NQA (before < control), (e) Left inferior frontal gyrus, GFA and NQA (before <
control), (f) Left inferior temporal gyrus, ISO (before > control)

3.4.2 Graph theoretical analysis
P ikt et fRe Fipl Sicdpthy ¥ 42 > 4 9 & Local efficiency = Mean

clustering coefficient » 4= @] - ¥ ¢t » 4245 Small-worldness index = = % ;:éiﬁ EER R SR e A RS

Bt T TR B AS SRR E BT FRAMRE CE REHEE

28



07 05
EERERERREERERE R
s LS A S S 045
06 ) L
] 04
?
05 ] = 035
'
oy £ 03
S 04 | g
: g ]
3 [ ] oA £ 025
Tos B _‘5 ]
= ac g 02
i §
=z
02 015 i
[
01
3
01 2
005
° »
0 0
o 005 01 0.15 02 025 03 0 005
Density
a8
a3
38
33
P
Eo LY
: 28 % i ‘8
: .

23 ;i

H

£

L
18 H
!l'
Eoe 5§ €E6 6 €6 606
13
0.0 0.06 o1 0.16 o2 0.26
Density
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Figure 3.4.3.1 (a) Right pre-central blade, (b)Right posterior thalamic radiation, (c) Right superior frontal
blade, (d) Right inferior frontal blade, (e) Right cuneus, (f) Right posterior corona radiate, (g) Right lingual
gyrus, (h) Right sagittal stratum, (i) Left postcentral gyrus, (j) Left precuneus, (k) Left inferior parietal lobule,
() Left posterior limb of internal capsule, (m) Left Occipital blade, (n) Left superior longitudinal fasciculus,
(o) Bilateral Cerebral peduncle, (p) Left Cerebral peduncle (q)Body of corpus callosum
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4. 3t

THERLRERTH AR o BT A AH K3 BRI G > FR e K e T g e e
7E o Mw Ry AP R e g A a2 B3 MR (Kesler SR> 2009) 0 Zha@ o it B A i 1B
BEOFZAF A FRLEREA R R AR LT AAAM T PR % - A0 FFLH
Ao THEFPFELARLF L N LORAAL TR FY AT DRIEH o R- R G
zb%%—*ﬁ vareawT 3 (KeslerSR»2009) R+ Y ~ - FEEEICERIFG S ik R P aiE 1
dooo mp § AR e gt 7 a0 (PeyronR > 2000) XA B AR Ei kERAG 0 d A A
LARM 2 FARM Y7 g ISk o EHHF R HE NG RA TR R R DR AL o R
A et RAEE S APFRESB SR EN EAS Ty 48 (BrunoJ > 2012; Wefel JS » 2010 ) -
TR b BT A e Ak Fas 1 3 G e R Fn e B B R E 2 el =g (Wallentin M >
2006)c fiefRaw Ry 0 F ARG BV EATAT F AT REBEG F hE T 2L o ok
ToEREVRFEFIEML I O FRERiEE 1 FeBied 34 (Boruchow IB > 1991 ) -
-BH LT EP > B Visuospatial N-back Ei3pF » 5L e & B HR B AP 0 B AGaE B R 4
(ScherlingC » 2011) - #Am A ey #2> A FLEF A PBERER - B3 - AP T BT > § 30
% (doxorubicin)ix » kR ¥E4 0 g A E LRI E ®for Machp 5~ >~ (vander Kooy D » 1985) -
fw AL LS IIF L Lk (Wemnicke ) R AR E g IR LG A Ko v BN E DIEET
BF el ifer B etz L4 fou B A - BERE T Ao d W TH 2T R Ry %o

2 = 3 PRI P =< 4 4
deia B EEE RV Ead vy 5 XIIRE

i e B MRt et Tochp R 1 2T B #3549y 5 8§ A Bergouignan et al., Kesler et

., Koppelmans et al. 3% 4p b 55987 3 35 21 % %o @ e e i i 18 AR § | R
(Bergouignan, Lefranc et al. 2011, Koppelmans, de Ruiter et al. 2012, Kesler, Janelsins et al. 2013)> & # % &
LT Edy Dp R LAV R R 450 PR 4o Masatoshi Inagaki et al.4p 1 prefrontal,
parahippocampal, cingulate gyrus and precuneus =z £ i " % &5 Mo & g ¢ F0F %] i % (Inagaki,
Yoshikawa et al. 2007) » m McDonald et al.» # %% % g Apb crF= 7 » T 4p &1 & frontal - temporal
regions + § i op & e ? %) o (McDonald and Saykin 2013) - @ ¥ - B & E A R MRS &
frontal regions ¢ %] > @ & B M % fosnirr i ~ T 4 feis a2 B % (McDonald, Conroy et al.
2013) - ¥ ¢t McDonald et al.+ 3 45 I} & cerebellar regions f right thalamus = 3 & ¥ i & ¥~ < 3¢ 4%
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http://www-ncbi-nlm-nih-gov.sw.lib.csmu.edu.tw:81/pmc/articles/PMC3869865/#R6

v
o

i & ehli-a) ek (w(McDonald, Conroy et al. 2010) » ie% B % 22 F %7 » AR g% a2 p

e

500008 B L ERF L AT A LAPSRRHS LA BBEL Ao 157 R & BN F

\4

R4 %] % > @ Desmond et al.«%= 3 < dp ) Fafe frontal lobe % 7 ¥ x4 iy i 4 (Desmond,

Gabrieli et al. 1998) -

e FEFAR S NREZ AR s AR FEHYE RPN AL & (e FiEwits
hif i FRF A FIRGRATH G e 1 o AP 3R B-C i Voxel based analysis % B EF L RS 0 A-C
Bl F AL BRSO AR B-C e 45 18R 4 g ix ¥ (Post-traumatic stress syndrome, PTSD) 187 58
Jok o 81T R BT A SR 4 i ER B eh < Pe 54 5 Body of corpus callosum, Left inferior frontal
gyrus and Left inferior temporal gyrus = ¥ ¢t » & A-B mehsfr g SR F E 5 4 < i B8
% Right superior longitudinal fasciculus, Left middle frontal gyrus and bilateral corona radiata - >+ Graph
theoretical analysis > = e 4753 5% B o 54 % it % Jech Local efficicency f= Mean clustering coefficient

FHACAPRPIS R FELCRELS IS B 3 4G {8+ & (Post-traumatic growth, PTG)2 3 % o
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segregation 4p Bf e 47 Sodfe | R i cdpck Sl KR SRR R BRI e 0 G HE
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RSB E AT AL A_frontal region > ** Blim A~ 175 F #F IR K 8 5
H b H BB R OSEEP fpFoTE ¥ B P A > > @ local segregation 4p B s 47 5

gt,.:s;zfus%ffb:fsﬁ:rfa.mf;z:)%#;frq:sms W R OREE AR 0 AR AR EIOREE A B R

i B B R SRR A L AT B 0 T A B LA NIl 4 iR
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AR IR EF B AR o B8 IMRI, GQI dp # fudeay 4 2 BRI 0 SR IR R
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