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The application of diffusion-weighted MR imaging models
in evaluating the efficacy of neoadjuvant chemotherapy in breast cancer
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Abstract ; Neoadjuvant chemotherapy ( NAC) is one of the most important methods in the treatment of
locally advanced breast cancer. It can reduce the tumor volume, reduce the clinicopathologic stage of the
tumor,improve the surgical resection rate and the success rate of breast conserving surgery. Therefore, the
clinical evaluation of neoadjuvant chemotherapy for breast cancer is necessary. Diffusion weighted imaging
models include monoexponential model,biexponential model, stretched-exponential model and diffusion kur-
tosis model. This article reviews the application of diffusion-weighted MR imaging models in evaluating the
efficacy of NAC in breast cancer.

Keywords : Magnetic resonance imagine ; Diffusion weighted imaging; Breast cancer; Neoadjuvant chemo-

therapy

B4 B Ak JT (neoadjuvant chemotherapy, NAC)
O Jm BB e FL IR i 1 LR BRI TR —
NAC REf MR 1 IR 23 BT I, 44400 46 g by 3L s AR
EVIBRA M B E Fe AL R FL T AR 67 5 T HAER
LT AR PN T AR, B2 8 A E R
{EMRETE NAC i Fe vh D RE 2 MU A e TR 5
AL FERME R R AR A5 A R AT R LR e NAC
FPRGHAT AR T AR 15 452 IR Y7 ROCR &
HWGE . 2B EPNFLUIRE NAC 7R A
WOTHEZ — SR SUG BRI BA Z S B0 &
BOs AR S PRS0 R ) 2 0 Tl R
Aok, TOB  JTHT T LA PN LR A A LR AR

ALBEEEH 1T, E-mail ; zhengning_369@ 163. com

TIASUBAR BEA A 32 53 ol AL 9 TR 2 )
TEEAFE RO TR XA BT 37 (4 SR T g™ A
W AR

1 BIRHEEY BN I ZLARTE NAC f7
LRI R A

FAFE B T UM AU 4 ( monoexponetial-
DWI) B8 250 i DWI (BB SN K 73 17 K
R BN S b (T ek
Fo HIRBEA A RIY B £ (apparent diffu-
sion coefficient, ADC) iX—/Z50, iZ S N BL
SEURFLE ¥R /s, 41U I i T
W, KTzl B, W DWI {554 %, ADC (i [
A s A7 259 RT3 5 ) 2 450 1 9 2 M, o572 4 i



- 286 - BT

~ReFd 2019 45 8 HEE 42 55 4 ] Jining Med Univ, August 2019, Vol. 42, No. 4

B0 e P AR 3 e, ol 200 L e 284, ik /09 240 b £
A IR T 2 B TR AR P B ADC {8 I
PSRRI R — B R A P EAG FLIE NAC Y7 A0
7 i, B2 LM LR A A 0 A A A g — 33
(W 1), Yuan 25" BF 58 % B, ADC {52 PF #r
NAC GY7 R R LA a2 8. TERT A AL
H B SE AR BRIV (pCR) 2H 53R 58 4 B
M (NpCR) 21 ADC A & #1225 (P <0.05),
Ramirez-Galvan 25 IF 57 00 , ADC fES X 4352 4>
PR (PR FHER 4395 BB B (pPR) , 7 NAC
A 2.3 .4 S X 43 ¢PR fl pPR ) ADC FHE
AR 114 x 10 Pmm®/s  1.08 x 10 mm*/s Fil 1.
25 x 10 *mm*/s , 28 XU 53 50 AR T 43 0 N
79.2% ,79.7% ;100% ,66.7% ;100% ,83.8% , 4
3 4 RIS 2 W 7 7L M98 el B k7 T 546 1
A7 IR ZE SR ADC {E TG . 2% 5% (P >0.05)
{H Li 2 BT R W0, 46 NAC 565 1 A 45 ot 3h
A SR G AL 4R E 5 2 Kep (Kep = K/ve ) BE G
ADC REfE A R #EAT 7 RO, NAC 26 2 il
J5 58 AW Y 40 Kep/ ADC [ HUSE He Sk L FH
PETRIE F 323803 TAERAE 2 B AL (AUC) 43
W2470.92.0.78.0. 69 .0. 88, iX H i [t BN S8
Kep ( AUC, 0. 76) , ADC ( AUC, 0. 82) %= &, Kep/
ADC Fil Kep M HIZE T AR k2% 25 5 (95% CI: 0.
018 ~0.23) ,Kep/ADC 1 ADC i1 £: T 1 R4 ik
292 5(95%C1.0.11 ~0.24) ,

A1 4 AP IREO AR AL A A4 B

PR A

E

.5

b

R LRy

I HARE

LR LR

FHEEARE

ADC £ WL ¥ # %
W Ve
ZIRAR

D Ak T ¥4
EHEAG ALY
#HAFD " R K
FNRAEIR A A
HEMAT KA
ol R wiEE S
Koy b E SRS
DDC B weth % A
FHIREE S
WREEA X a
REMLENAST
FHAF RN, R
fEEE0~1

MD K& -F 3 4 #%
& %, MK K & F
Bk

LR BT Y
A

AR R 3 e ) 8
U R B R R K
2TV H AR
R

BRIRAK YT
IR R R M E 4
PR, EHAANS
AR AR A AR
IVIM #2725

R B M2,
BT R R e EF 4
LA LR P R
LM B Je ik

2% THEARA
BTk
FA-%

D* A (AT E
HRAEE A £

b AR A K
REREEA R
#A% DDC & o f&
W ERFEKR

% b i Falik
A gk, it
HE & b A6 %
B BRI
LTH

2 BEHERY BN BTN ZLBRE NAC F7
ZLHI R AR

IR EOE ALY HOIMALUL 4 ( biexponetial-DWT)
JEFEIRE N ASHE T 12 35 (intravoxel incoherent mo-
tion , IVIM) #5447 224~ b {5, 7T LUK A 219 BN
WETEAYIFRIESE , MAZASE AU ] DASRAS R S I R 1
FE, EER L R AR OB AL (R 1) H
EE SR EALG  WOK A TGS S
S HBARE(D) 5 SRR NG PR s A HE T A
K WRB(D") 3 ASRIR HETE 73 B0 i 8 2 R
B (L) o ANMETEVEZG W T IR Y AN
BT K Sx AR AN 8] 132 Bl A [ el D (B
BAK . Kim 25 BF5E SR D {H A ADC (B3 RER T
MIPEAL NAC {97 8%, 1 38 1 PEAl ARE AH 2 .
Che 21”7 F IVIM BERUILEE T 45252 NAC {1y J=) %6
WG S L e A ) S B g R A RS o B SR
B8 N a3 i B 5E 42292 (pathologic complete re-
sponse , pCR) FIHEEELSE 25 (NpCR) 4, HoAL
38T 2 4> NAC PR G 250D, D7 L) R H Iy
BIFE pCR 1 NpCR A Ay AH RN 216 (A 280 o 1E
NAC ZHir, pCR ZH19 {23 & T NpCR 4, 25 57
AHEE (P <0.05) o B 7R N4
AR BL L £ 7KF- T T RE 2 B i 98 40 ) A7 24
VB o PRI, HE 23 B £ AT BE B IR YT T IX.
53X NAC 1955 BB HY W FERE /1o 72 NAC 2 4>
JAJE , pCR 4 f (6 2 KT NpCR 44, D 5 12
FHE T NpCR 4, ZR A G2 L (B P <0.
05) , 1M pCR 411y D " EALAR T NpCR 4, 22 5+
it L (P =0.507) ;pCR 4H AD {H fil Af {H1Y
BE ST NpCR 4, 255 A git# 5 3 AD ™ TR
pCR 215 NpCR 4 [A] 1) 22 HIoge i X, iX ] R
RABEFE R DT I R ) BRI sh Bl a7
BNWREIGE. 2 ROC B Mt AD {H7E WL
TR Y JT A 45 rb X A By i) F 0 14 RE i
&, AUC 25 0.924 (95%CI1:0.759 ~0.990) ., 4
AD (BB A AEE - 0. 163 x 10 mm’/s B, fUsk
JE R S B2 L PR D0 RN B P S50 B 43 ) Gk
100% 73.7% .64.3% F1 100% , &7~ IVIM &7
MISHL, JUHIE D (B £ AR, 78 J &0 W0 400 2L o 1)
NAC &7 B A T FIG 7 J5 B9 00 397 80l v A
RAFRICR , i HLAE S ki A6 7 By v, 000 A5 i
I BHOEIRITRTE D A8k, Liv 21 BF5%
fiRif, W RESE th T b fE A B E I ROT Ay 2 B 55 Jit



T BB 2019 4E 8 HEE 42 #4554 ] J Jining Med Univ, August 2019, Vol. 42, No. 4 - 287 -

LIVIM RS D AEAN £ R AT 51 52 1 MR M4
72, R EOR
3 HEEEEIY BUMAUK G IT 0 FLER i NAC
7 00 R A

TL 48 B B Y WO AR AR ( Stretched-expo-
nential DWI) Y 1Y Kohlrausch T 43%%, 1 Bennett
SR R T A AMA R Y BOR R 1 S 5)
A, AT B AR B A B A FH G SR AE Y L
Ay A 2280 ( distributed diffusion coefficient, DDC) %
PR BUEFE L oo DDC AR P SRR N4 HiH
R, GHGUR A K, A0 % 1S i, ) DDC
{ELFEAR s o $2AIE T 0 28 1 Y N AR R RS Bl
Bt . AU o EHARR VKRR N R B E
TN BT, % S H ok AT R A A SOV 2 ) 52
R S, 2R B A i 2208 PR B I 4 S o A
THOWIRBEAAEAE " o B SRS 700 Rl 08 7 DA
FLIRIE NAC Y 7ak (W3 1) o Bedair 25 55 45
@R EALTT T DDC A E{E (1. 141 x 10 7> mm*/
s) JHT IO 52 7 41 fe e RAEUEE (81% ) Rk Sk
(72% ) ;7 H. DDC fy AUC (0. 756, P =0.01) %
ADC F1 D™ ) AUC(0.749,P =0.01 F10.641,P =
0.15) R, SR IAy7 28 B L & L dE i,
P AER Y ) DDC T (P =0.04) o fififidi
BRI B RO R TE i B A7 PP A b 2R
BRI H . Mazaheri 251 B 53 5 71, $A0 45 %%
RRORUEEUCHE AR B B AT B i i T SE 4, o DDC
EA o {51530y 95. 8% 64. 1% 71 D*
{EA T S PE R 25. 3% . Bedair 25" 5 1 A ol 45
1, DDC H o HH D B D™ {HA7 85 W AL &
NERE 4 (0. 789 ,0. 808 VS.0.699 .0.605) , LI &
g 2 6] v] B4 1 (0. 860 .0. 822 VS. 0. 778 0.
695) . BLAh, Ertas 261 BIF 5% 2 B , 3L fif 45 St
U2 28,3 DARER b RS, R BRI
N T A FTAR A A i (R 12 WORS I B2 o B I8 4
B BOR AL, AHHAE ZL I BB ST 5
FIRESE T b B B DX AN BB A Il — X
R DDC K o fHA 228K .

4 FEIEEEENTNFLIRE NAC ST B R A

P HOE B % (diffusion kurtosis imaging , DKT)
HE AR E T oA, 25 08 T AL S M RE T AT
e TR ZH 2R MR 2H 2 R AOW A6 A A A vk (L3R
1), Sumi 2"V ¥ 565 A DKI, A g A= W1 2H 41 P 2t

ABIBTH, 2 Z R R R B, K5 F TR N 2k
EBD Y 8. HSHAHEF- & B (mean kurto-
sis, MK) Fl1F 2 47 #0# >% (mean diffusivity, MD ) ,
MK 5 HOMZH AR = VA ¢, MK R SRR 4H 21 45
MRS A% K O3 T I OS2 BRFE B A R MD 2 48
JE s i 70 A B IE AL 1 ADC B, MD R 8/ U 7K 43
TV B2 %, E44K, DK C &% W
T B S B AL O B T ERAS
TIPSR TRV L 0B A Bl AL 77 2
JERIRIGE . Sun 451 HF5E 5% DK 570 I 0
WL AAAEDS HEU P A —E R, R
120tk 38 44 FLARIE ) NAC 7 308 T 1k
WA JE AR AT EAT VP AR A I o BRAS SR FR
I ML AR B2 W 4 (NMHR ) gl 2124 5 2
RBZH(MHR) o 55 8o, 5A6I7RIAH LG, f0)7 56
3 AT S5 S, MD {534 8 2 TR MK B
KRG, HAREST 5 MD {8 FJHFEEE (AMD, % )
7 MHR 41 B & & F NMHR 4, Ut B 4Ly7 J5 MD |
MK J AMD, % {H & £ % 0¥ 4 NAC J7 &%, H A
DKI (58 FEEAFAE LU T AL AEX b (R 4% |
WANGE—, 2 b (A 77 5] {8 ) 41 4 ) (7] 0] @2 B
K, IFHREE b A &, BIRAE W LR 2 T R
A I ik T i — 2P i DKT 2R LUAR A5 B 5 {5 e
1A

5 MNESRE

LIRSS PR B U AE PR ZLIRE NAC J73KL
JTHAEENME . BEIR 4 FPOR B BOMBUR &
PETUPIA 2 F LB (W3R 1) o AR T 2K
PR HETF AR R IVIM BB X 3 2H 4L N K 5y
TR s S AR R P TR B AR
SE TN TE SO T Hi S VAT, A 7L e B el
BIALS 7T ROPPAG P AN .3 L i R i 5|
AFEIFEAR R o S 2 B BB Y r £ 5 S ek
2RI 22 , REPRAILAL IVIM BERY BTG Y B AT SEfY
Y E A R R SR OISR B , AR A FLIR
T3 TR ISP 1 AL TR ST B, A IO R A A TR
WG AR R A B e, S HRERS T RS S N AR
PO ZE R 1 A B2 M R 2 A, BB B 2R
e PRATFFE A AR o HL A LI B Aol B P77 RO A
I

S 30k :

[1] Hayes DF,Schott AF. Neoadjuvant Chemotherapy: What



- 288 -

(2]

(3]

[4]

(5]

L6]

[7]

[8]

[9]

[10]

[11]

T EX A 2019 4F 8 A5 42 554 W] ] Jining Med Univ, August 2019, Vol. 42,No. 4

Are the Benefits for the Patient and for the Investigator?
[J].J Natl Cancer Inst Monogr,2015,2015(51) ;36-
39. DOI:10. 1093/ jncimonographs/1gv004.
Fangberget A, Nilsen L. B, Hole K H, et al. Neoadjuvant
chemotherapy in breast cancer-response evaluation and
prediction of response to treatment using dynamic con-
trast-enhanced and diffusion-weighted MR imaging[ J].
Eur Radiol,2011,21(6) :1188-1199. DOI. 10. 1007 /
s10549-004-5819-2.
BN, IRR, Ae4E, 5. gt DWIR R A8 T2 sh 4%
A5 335 HOBE A st SUAR S T 56 B AL ST 9T AR AR A R
AR R [T]. B3k 3k R AR, 2017, 8 (03) : 176-
181. 7 DOI:10. 12015/issn. 1674-8034.2017. 03. 004.
Yuan L,Li JJ,Li CQ,et al. Diffusion-weighted MR ima-
ging of locally advanced breast carcinoma: the optimal
time window of predicting the early response to neoadju-
vant chemotherapy[ J]. Cancer Imaging,2018,18 (1) :
38.DOI:10. 1186/540644-018-0173-5.
Ramirez-Galvan YA, Cardona-Huerta S, Elizondo-Riojas
G,et al. Apparent Diffusion Coefficient Value to Evalu-
ate Tumor Response After Neoadjuvant Chemotherapy in
Patients with Breast Cancer[ J]. Acad Radiol,2018,25
(2):179-187. DOI:10. 1016/]. acra. 2017. 08. 009.
KRB, 2N BRI A G RO R (WB-
DWI) 72 5UM 5 & & R A7 4697 7 20F46 F 4 5LJR
A8 T]. M5 4 & ,2016,22(06) :443-447. DOLI; 10.
11735/j. issn. 1671-170X. 2016. 06. B002.
Li X, Abramson RG, Arlinghaus LR et al. Multiparamet-
ric magnetic resonance imaging for predicting pathologi-
cal response after the first cycle of neoadjuvant chemo-
therapy in breast cancer [ J]. Invest Radiol, 2015, 50
(4) :195-204. DOI:10. 1097/RLI. 0000000000000100.
Kim Y ,Kim S H,Lee H W, et al. Intravoxel incoherent
motion diffusion-weighted MRI for predicting response to
neoadjuvant chemotherapy in breast cancer [ J]. Magn
Reson Imaging,2018,48:27-33. DOI: 10. 1016/j. mri.
2017.12.018.
Che S,Zhao X,0u Y,et al. Role of the Intravoxel Inco-
herent Motion Diffusion Weighted Imaging in the Pre-
treatment Prediction and Early Response Monitoring to
Neoadjuvant Chemotherapy in Locally Advanced Breast
Cancer [ J ]. Medicine ( Baltimore ), 2016, 95 (4):
€2420. DOI:10. 1097/MD. 0000000000002420.
lima M, Le BD. Clinical Intravoxel Incoherent Motion
and Diffusion MR Imaging: Past, Present, and Future
[J]. Radiology,2016,278 (1) :13-32. DOI. 10. 1148/
radiol. 2015150244
Bennett KM, Schmainda KM, Bennett RT, et al. Charac-

terization of continuously distributed cortical water diffu-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

sion rates with a stretched-exponential model[ J ]. Magn
Reson Med, 2003, 50 (4 ). 727-734. DOI. 10. 1002/
mrm. 10581.
Kwee TC, Galban CJ, Tsien C, et al. Comparison of ap-
parent diffusion coefficients and distributed diffusion co-
efficients in high-grade gliomas[J]. ] Magn Reson Ima-
ging, 2010, 31 (3): 531-537. DOI; 10. 1002/jmri.
22070.
Bedair R, Priest AN, Patterson AJ, et al. Assessment of
early treatment response to neoadjuvant chemotherapy in
breast cancer using non-mono-exponential diffusion
models: a feasibility study comparing the baseline and
mid-treatment MRI examinations[ J|. Eur Radiol ,2017,
27(7) :2726-2736. DOI; 10. 1007/s00330-016-4630-x.
Mazaheri Y, Afaq A, Rowe DB, et al. Diffusion-weighted
magnetic resonance imaging of the prostate : improved ro-
bustness with stretched exponential modeling [ J]. J
Comput Assist Tomogr,2012,36(6) :695-703. DOI ; 10.
1097/RCT. 0b013e31826bdbbd.
Ertas G,Onaygil C,Akin Y, et al. Quantitative differenti-
ation of breast lesions at 3T diffusion-weighted imaging
(DWT) using the ratio of distributed diffusion coefficient
(DDC)[J].J Magn Reson Imaging,2016,44(6) ;:1633-
1641. DOI:10. 1002/ jmri. 25327.
Sumi M, Nakamura T. Head and neck tumors ; assessment
of perfusion-related parameters and diffusion coefficients
based on the intravoxel incoherent motion model [ J].
AJNR Am J Neuroradiol,2013,34 (2) :410-416. DOI.
10. 3174/ ajnr. A3227.
Yu J,Xu Q,Song JC,et al. The value of diffusion kurto-
sis magnetic resonance imaging for assessing treatment
response of neoadjuvant chemoradiotherapy in locally ad-
vanced rectal cancer [ J]. Eur Radiol, 2017,27 (5):
1848-1857. DOI:10. 1007/500330-016-4529-6.
Chen Y,Ren W,Zheng D, et al. Diffusion kurtosis ima-
ging predicts neoadjuvant chemotherapy responses within
4 days in advanced nasopharyngeal carcinoma patients
[J].J Magn Reson Imaging,2015,42(5) :1354-1361.
DOI:10. 1002/jmri. 24910.
Sun K, Chen X, Chai W, et al. Breast Cancer : Diffusion
Kurtosis MR Imaging-Diagnostic Accuracy and Correla-
tion with Clinical-Pathologic Factors [ J ]. Radiology,
2015,277(1) :46-55. DOI;10. 1148/radiol. 15141625.
KA. AR S BE RS AR AR SUMRE #4680 AL T T
AR by B AA [ D]. 8 5L 8 SUE #1%,2018.
BFR,HT, oM. DKL A K303k R ey B Lt e
[J]. E®4 34 &,2019,29(5) :855-857,860.
(Ie#=BH 2019-07-09)
(A HiE: RRE)



