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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 15 adults with breast cancer being
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diagnosed and 27 normal controls. All women with breast
cancer were treated with chemotherapy. Magnetic resonance
imaging scans and psychometric testing were used to assess
the participants at two time points which were baseline and
after chemotherapy (about 6 months after baseline). Voxel-
based morphometry (VBM), vertex-wise shape analysis,
diffusion tensor imaging (DTI), resting-state functional
connectivity (rs-fMRI, including ALFF and ReHo), and graph
theoretical analysis were used to analyze the alternations
of brain structure, function and network during the two
investigations.

Significant reduced gray matter volume of right thalamus
and white matter volume of cerebellum, and altered shape of
left amygdala, bilateral thalamus, and bilateral
hippocampus was found in the chemotherapy-treated breast
cancer patients compared to normal controls. The structural
alteration was observed in the breast cancer group with DTI
indices. ALFF and ReHo results showed significant lower
activation and regional homogeneity of several brain
regions, especially in frontal region, in breast cancer
group. 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.

breast cancer, cancer-related trauma, chemotherapy, voxel-
based morphometry, vertex-wise shape analysis, diffusion
tensor imaging, resting-state functional connectivity,
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 15 adults with breast cancer being diagnosed and 27 normal controls. All women
with breast cancer were treated with chemotherapy. Magnetic resonance imaging scans and psychometric
testing were used to assess the participants at two time points which were baseline and after chemotherapy
(about 6 months after baseline). Voxel-based morphometry (VBM), vertex-wise shape analysis, diffusion
tensor imaging (DTI), resting-state functional connectivity (rs-fMRI, including ALFF and ReHo), and graph
theoretical analysis were used to analyze the alternations of brain structure, function and network during the

two investigations.

Our results showed brain structure and function alteration and brain network change in breast cancer
women after chemotherapy. Significant reduced gray matter volume of right thalamus and white matter
volume of cerebellum, and altered shape of left amygdala, bilateral thalamus, and bilateral hippocampus was
found in the chemotherapy-treated breast cancer patients compared to normal controls. The structural
alteration was observed in the breast cancer group with DTI indices. ALFF and ReHo results showed
significant lower activation and regional homogeneity of several brain regions, especially in frontal region,
in breast cancer group. 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, voxel-based morphometry, vertex-wise

shape analysis, diffusion tensor imaging, resting-state functional connectivity, graph theoretical analysis
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EROTRA R & oA GGG TR A A R R AT E RF RPRR A SRS e
PRI AT ER e F o TP AR R T P Gk L EE AT A 2 A i 4 47 (voxel-based
morphometry, VBM) ~ 78 2125k & 47 (vertex-wise shape analysis) ~ # 47 5% & & #2(diffusion tensor imaging,
DTI) ~ #4748 P~ 45 12 ¥ (generalized g-sampling imaging, GQI) £ # 4, i # it 2 4 13 8 (resting-state
functional MRI, rstMRI) % #£ 3440 55 482 7 5c 12> 3 12 B35 4 7 (graph theoretical analysis) i & 3= i
T G A IR R A PR R 2 PR B R e RS G L A
fi -

AP RLE PR R ORE R F 2T BRI B & ad B A TR R
FEL R o HREEE Y +3§F5F:H; FEL TR B0 2y o AT e R R d 15T iR
(magnetic resonance imaging, MRI) 2~ {8 T1 4 4 i$ $(gradient echo T1 weighted imaging, TIWI) ~ 3§47
¥ 13 F(diffusion MRI)E # & i # i M gidR ¢ B2 (resting-state functional MRI) 12 i85 2 45 287 7 - 2
iF i@ * VBM, shape analysis, DTI, GQI £ rs-fMRI k#F3 38X i F 2 Hr B % fm_ ¥ kRS 2B

FHEALEHFREA DL R TR ERAENAN EAF AP Ar R L2 Feandp bl ¢ 508
< & ¥ & % (Hamilton Depression Rating Scale, HAM-D) - #2 Hospital Anxiety and Depression Scale

(HADS)z £ & (anxiety) 2 & # (depression) 4 #c o

dA PSR PR ERD )%‘_V;]'L/%»}iﬁjmp Mgt > Fpt > A7 4 12 rs-fMRI

2 DTI, GQI 2 #¥ g 5 & 3¢ Bk jir(tractography) sk # ™ - 41 * Bl # ~ 17 (graph theoretical analysis)fr

e B 83t 4 47 (network-based statistical analysis, NBS analysis) = i# & #F 348 5 i e 2 3 B & o

TR 2 Bt el B o Bk A - BAL S PN oA T WA o - BB jAk
AL - e HB(TR) el PR (F5) L2 A7 2w d g s fRELF 2 R D)

N RHEET - BRAOMEREIZ AN DAF or PP I T o d 3T A SRR L D
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(Area, Siemens, Germany) s7%% 4% :¢ 82 (magnetic resonance imaging, MRI1) 2~ {8 T1 4« 4& :¢ #(gradient echo
T1 weighted imaging, TIWI) ~ #4722 3= ¢ # (diffusion MRI) & # 4 i # it (482 3 1¢ B (resting-state
functional MRI, rs-fMRI) 12 i& 7 & 47 o (228§ TIWI #F 3 ¥k ¢ 4 TR=2800 ms ; TE=3.98 ms ;
TI=930 ms ; 4B* % - =256x256x176 ; 48 % = -] =1x1x1 mm?® ; FOV=256x256 mm? > ¥4 B % 5 4
E 46 A 31§ o WECH IFR Sl e+ TR=7200 ms ; TE=107 ms; *» ¥ #icp =33 ; 4B 4 /]
=128x128; %8 % = /| =2x2x4 mm?; FOV=256x256 mm?; *» * B E=4mm:b @& 273 0,1000, 2000 s/mm? >
L1229 B2 o FhREFFLQLE L 16 &8 LN PERERFH S 8K 2 3 TR=2000 ms;
TE=30ms; *» % #p =33 ; 48"L % /] =64x64 ; §8% + ] =3.4x3.4x4 mm? ; FOV=220x220 mm? ; *» & &

B=4mm > #3 180scan FFR X {52 & L 6 &4 o

fR2) B kA i KRR 2 2 A i A~ 37 (voxel-based morphometry, VBM) £2 g 8L A% Ak 4 47
(Vertex-wise shape analysis): #ft/2 4k & #° ¢ #5475k £ & #(diffusion tensor imaging, DTI) £ #4ciA #c
P~+ 1% ¥ (generalized g-sampling imaging, GQI) » #% i# L2+ & 2 AR £ B F AR 2 Bt
+7 (voxel-based statistical analysis , VBA)£? §] 2532 3% 4~ 17 (graph theoretical analysis) ; @ ** rs-fMRI #¢ i@
i 7 7 5 8% % (functional connectivity) ~ 47 4= tg (amplitude low frequency fluctuations, ALFF) ~ % #
f¢ %1% (regional homogeneity, ReHo) ~ §]=5 3 3% 4~ 47 (graph theoretical analysis) - #75 #: s & H4 & %
BFARM A T 0 ¢ 428 < B4 £ £ (Hamilton Depression Rating Scale, HAM-D) ~ £ Hospital Anxiety

and Depression Scale (HADS)z. & Jg (anxiety) * & 4 (depression) 4 #c

A4 % 2 A & 4 +7 (voxel-based morphometry, VBM)

A g o A2 2 A & 4 47 (voxel-based morphometry, VBM) & 4 47 k348X B 2 SV %R
Bg <o ptlf L R [3,4] AR B ARG 0 g AR p 2R F il AR E 2
B e dicom # 0 4% = = {8 £ % SPM (Statistical Parametric Mapping)i% i 3 B 8 i -7 & X 38
FOe R R ez BT TROEA FRXBE R ENEE AT F Ak B P S
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£ 1% #5088 MRIcro # & 4~ 1 eni Frd[5, 6] ° B (S 2 (7 5 e ¥ 313t & o two-sample t-test 4 45 > 2t
B ¥ RS frm Bt B AL R > TP Ay Y K- B (1-1]) A & ¥ B A e
FERIL LR E RRAFL [ LORE  TRAGBIHREFT UG IT K ERF AL G
AERVRHREADTR e AR % TR E G A BET iy » 5 5 p-value I cluster size » @
p-value = ¢ 0.05 /] | E_iN £ F FlAt P eng & o AP0 @ * two-sample t-test k& R4 R 1 o 2 5L
Rk & fe ¥ B4~ 2 & DTI, GQI, fMRI &2 ¥ cha £ - g #+ > & % multiple regression & i#|# 4/
£ %1 VBM, DTI,GQI, fMRI 2 B eifp i 1 > p<O005#ARLE & F AR & -
R BS54k 4 45 (Vertex-wise shape analysis)

TERARAPTR A A RS R EEF AERTEROEE L RSP g > HP
FREAGRSHZ R o A [E vz 3¢ (Bayesian framework)z. i #2)k fe ¢t gL ti- 3] (Active Shape
and Appearance Models) e 32 » k18 3|25k frdg B 2 B e o # [7, 8] o 32 HCAIH-TL 4o R oz A
S A5 A bl BT e DR L ER 0 Ford P N R e R Bk AT o gt
P Y MEEA A R R R L MR L B R B A B A A LT AR ih

BEh b AT RRIE o E BN ST 15 A AR T SRS A SRR B

IS

Brrdov pdeit S o ARG HEAR AT 0 R MAREREDPE TR 0 L& &2 MR G

A2 P }]%’E\‘ B R AR o

Wi & ® A 37 (diffusion MRI)

DTI & - R icedrd BRI 7 Uil BRI ks 3 i I ES4 S e &
m DTl @iz f2iddg e inigdy » iR & L pd jpghie | Ftad * Jigt Ptk B GQI p &R
g 2 A Ap n T k3 DTI e 40[9]- @ * FSL #-& B 4 ek 458 th i Eddy Current Correct »
¥ & * SPM (Statistical Parametric Mapping)#-8> it = 3| = B & > & F B8 45 2 iR B L 3] T2
¥AF b > Bots i % DSI Studio #-B: i Fi= 5 DTl & GQI - DTl 48l fs 57 fo4hic 2§ 5 1%
(fractional anisotropy, FA ) ~ T a4 4% (mean diffusivity, MD ) ~ #h 34 (axial diffusivity, AD )
feiz e # 47 S (radial diffusivity, RD )-GQI %8R if4 47 ¢ 350 & & » #c & » £ |2(generalized fractional

anisotropy, GFA )~ & = I 1(isotropic, ISO )fri& % it thz § & » B ##£(normalized quantitative anisotropy,
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o

et > REFEBRRIEFT AL AL G 90 x 90 AR

#4857 0 R 4 15 (resting-state functional MR, rs-fMRI)
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e B2k H K,éft FHEF RG22 EE o APy A2 ¢ @ % SPM (Statistical Parametric
Mapping)# 7 B o g2 o & (=X Ea R Eal e 1 S ey PF B $2 & (slice timing) ~ =

# ¥ & (realignment) ~ %2 it (normalization) # 7 & -T / i (smoothing) -

¥ & P8 2 (functional connectivity)

ARG RIS N iPdEF R Y REST fif:8(7 T - Hheh 47> 2 & £ )% ftd @ e v |2
7 %% (functional connectivity, FC):& {74 4, ik # sv t£82 15T anwb i (8% 4 37[10] - 2% 7 -3 %8 82
Fed® % enficdp 44 7 2 st (detrend) 2 ik (filter) chAUE o 3 R p S E A R 2 A B d 3
=R R BOFA @i S L E AR P AR L g 0 2 BRI e AR RIE I R
FEEE S ARETHFFARI RIS T 2 0.01-008Hz 2 F o/ A AR B A A 0 H X
FEE & 0 PTILARER SR %Mpa Bld & ~ 0.01-0.08 Hz 4% ¥ 0.01-0.12 Hz - & ¥ B & &+ g1~
Bk 2 ORESTen# it g a7 S48 EL R 2+ o g £ 7 nd 5 A R{origeans B
8% (voxel):i& fFAR B ML i B o fdF BLRE WART hX T S o) 0 AP ARG R Gt E <) 3 mm X

3mmx3mm>- X E ROI X% 3mm> E 3 - BHE - BHE <] fd+ 2L 246 F o

MNI &+ gLR 245 %

FoacrmEg 4T £ A1F MNI RE 0 2 cha R 8 75 4470+ B o MNI R 2 7o 045 &
Montreal Neurological Institute #7# & 4 P& % *gH4= > ¢ 7 amygdala, hippocampus, thalamus, visual
cortex, motor cortex, posterior cingulate cortex, anterior cingulate cortex, precuneus cortex, frontal lobe - %

PoRp LR TS A8 (ROI X /25 3mm) & REST 27447 F R4 SRE®w 243 R

2 RFenip 2 % o



— X540 B & 47 (ROI correlation analysis)

A ES RWMEFE T RE Y o F A R A Gl B R A B S s ik i
B ook TR ALSY > 23 BREOFRF R 7S L&A Fanigid o B|F g * Pearson 4p B
Cedicdy i = B4 B B endp M B % o 205 TMRI chdp B 2 4738 F 3§ & L L # 4B 0% % (ROI)
A AT B RIS E S BN T IO A 7|2 2 6 5T M & copE R 72 [ e B e B RO
BB nT R A S r(i),i=12,.. 00 B SR S - MR ORER A S s(i),i=1,2,....0, 0] 5 B
B 7 2. B ergp B (R Bicde ™

Corr(r,s) =

Yiir@ —R]-[s() — S _ 1 N
’ R=- 1"(1) ,S = —z
n

JELl[r(i) —RJ2- 32, [s(i) — S]? = i1

G AR B A T %R R TR L ¢ AR M G BT F ALK AR M T G Rk h 0L AT i
f%‘]’#ﬁﬁ?"‘ﬁtm&?:fl“}*ﬁ%ﬁ»? PRI R B R AR REST @5 ehE BB oo B2 7
7480 LT B iy B+ L TR A4 B T 00 AR R £ R

BiE -

4 #7 3= tg (amplitude low frequency fluctuations, ALFF)

MAF PRt A 47 R AE T T d T > B2 R R B & 2 a0 SV i g 5o

P B AYRE R A B R SR S R 7 T 3 G E W B ALFF BRI F R A 2

(I SX EED . Eh A

’ 2 2
+b
ALFF = E w_

k:fe[0.01,0.12]

% 32 e B[4 (regional homogeneity, ReHo)

ANBEFOEREH LT P ad L - Fn 2 LH BHWE OBEX > R FE(regional
homogeneity, ReHo) = /& R 8 A i — B3R » 305 - TIEET > i % ) P84 % <0 BOLD 35l
PERY ST 2 G AP il i B B F AL frid (% #(Kendall’s coefficient of concordance, KCC) » #-# 1% 4

R RAR R B A L RER AR - R R EHK BipBEFaHKCCH Y 2
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] 253234 (graph theoretical analysis)

]2 32 % (graph theoretical analysis) ¥ - BT & k¥ 431 % A4iF % < L;Jq N oA R B A T
% A% 3 & gh(node)frif 4 (edge) s A ¥ 2 P (T e eni@ & > B ¥ S gLt s F g ¥ R a0 AAL
(Automated Anatomical Labeling) it #-+ %g % » 5 90 B %38 > i % et Ar i 1+ it R 133
HF & BRI RS R I Rk o B R (degree) st A P R hds it R H L & ELE 0B B AR
B R (density) s & B T B kR A T IR AR S o BB SRR
PRHCIRETIRE b BFHRR RO E Y IR OPRL EF e # a1t

#& L (structural or functional connectivity matrixes) sf4 45 % # B~ 18 5545 & 74 i 4 5 RI[11, 12] -

AP AL L NRELF oL K R MR Y T 0 3 N nde i Sl @
£ % B ¥c(clustering coefficient, C) ~ 4 #c#t j& £ & (characteristic path length, L) ~ &2 i B & % #c
(normalized clustering coefficient, y) ~ &% i # #ciz 5 & & (normalized characteristic path length, 1) ~ /|
£ B & M (small-worldness index, o) ~ & %2z % (local efficiency, Eioca)) ~ 2 *% 7% & (global efficiency,
Egiobar) ~ FF % 14 (assortativity) ~ & v£ 4 (transitivity) fe4i- 2 i* (modularity) > p < 0.05 4% 4R 5 & S & & o
Clustering coefficient ¥ local efficiency iz = B84 % £ g 7 i & 2] ehag 4 - 2 ¢ clustering coefficient
B hmpeRz FFER SR > @ local efficiency R £ 1% £ St s it 2 B 22 4ok » - B
SR BARF PR A T A B BEZ B a4 3eni 4 4%4F o Characteristic path length 4= global
efficiency i&= B84 F Bend # it 3 4 L #e i 4 0 2 ¢ characteristic path length & ™ "% 2. FF %
e 4 iy 4 0 @ global efficiency B 8 & £ T 73 4, ehR $& 22 5 § characteristic path length 4 #cdx
1 fe global efficiency » #cA% % £ 7 7 F P ® B2 L cnfE & o3 iidk § & 4% - Gamma {- lambda -
/4w § 3% 18 ¥ clustering coefficient 4o characteristic path length & 7 100 & “§ #% & % cr15- 2 it B~ (8 o &
ts esigma B A3 o) 2 R B Ed R i 1 ahclustering coefficient {- characteristic path length
ARTR STB 18 A HOAR R RIR  2 00 A B L U £ het i A% - BrainNet Viewer Rl ® d BIR

X )%‘x:r“/'%}j}r_ﬁ fed ¥ REEF*2BFEENBS AT EF BF LR gk
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A3 8% 23 & 4 15 (Voxel-based morphometry, VBM)

A 15 iR A Rm B 27 =k ¥ R TR R A 2 447 0 2 two-sample
ttest A4 ¥ EEFH o Kt F i H L2 A A LR > APFRIEF IR E DS WA
PO K RERFL T GO R AP AR EIRAF N G B g i o AR 1-1 30 o g
K16 & 2 A T amygdala + 3t ¥ BB 4R~ (p < 0,0001) 0 3R] 12 A g RAR RS HE 29

B+ thalamus = 1 % i & %+ (p < 0,0001) -

colorbar max
auto

colorbar max
auto
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SR 1-3 AU TR R R 18 o & 2 A BT right thalamus (] 2t F i & 4R~ (p < 0,0003) 0 >t R

1-4 2% 58 A 14 o 18 & 2 cerebellum ¢ 0] 3t & F i & 47+ (p < 0,0003)

X¥Hairs Off

colorbar max
auto

0 e

colorbar max
auto

Bl 14 R 3 f R A% %ed TR 10 F e p et o
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78 B35k A 45 (Vertex-wise shape analysis)

s 15 R R T R B8 27 B K R AR R TR R A AT B T ¥ R gt
Bl R pb k2 ZR A PHERMFEIRRE D RAIRE D B AT A BB
RAER ORI Rz Ak A B ¢ 428 2-1amygdalac £ # §_Z ] amygdala > B 2-2 = ] hippocampus »

7 g 2-3 - i thalamus -

5.00

425

3.50

I2.75

2.00

B 2-1 i 8 5 Rm B2 & ¥ 2B 44 > (a) amygdala, (b) left and (c) right Amygdala 2 £ & -

B 2-2 i 18 3 ek B2 & ¥ B %4 > (a) hippocampus, (b) left and (c) right hippocampus 2 75t £

2o

Bl 2-3 1 i 5 B2 ¥ B 4w~ >t (a) thalamus, (b) left and (c) right thalamus 2. 25k £ £ -

TR bR Rt ek R i R BT B E G APy § T g 0 AL Bergouignan et al., Kesler
et al., Koppelmans et aI.;K”ﬁ PR AT Ap A1 R e T fed AR TR 18 AR i},m»ﬁ 48 =2lin

M[13-15]> @ H 3 B LB g Kehdg ) B b LAV LN ) e 4o Masatoshi Inagaki


http://www-ncbi-nlm-nih-gov.sw.lib.csmu.edu.tw:81/pmc/articles/PMC3869865/#R6

etal.4p 1 prefrontal, parahippocampal, cingulate gyrus and precuneus i 2 1 & ¥ &5 o & g @ 40
7 %] P48 %[16]> m McDonald etal.» % & 3§ % % & 4p B 7 3 > 345 ) & frontal = temporal regions
X3 RARRE e L niR[17] A ¥ - e 0T Bx iR i & frontal regions § %) 0 @ i B
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