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[ Abstract ) Objective  To explore the clinical diagnostic value of parameters of diffusion kurtosis
imaging (DKI) for distinguishing different subtypes and pathological grading of rectal adenocarcinoma.
Methods Between January 2015 and December 2016, 116 patients (median age, 59.5 years; age range,
29-83 years) with pathologically confirmed diagnosis of unspecified rectal adenocarcinoma and 16 patients
with mucinous rectal carcinoma were prospectively included. All patients underwent routine MR examination
and DKI sequence. Parameters of DKI, including diffusivity and kurtosis values, were collected by drawing
regions of interest (ROIs) on tumor parenchyma and normal rectal wall. Those parameters were compared be-
tween different subtypes of adenocarcinoma or various grades in unspecified carcinoma. Wilcoxon test and
Mann—Whitney U test were used for statistics analysis. Result Kurtosis value was significantly higher in un-
specified rectal carcinoma than that in normal rectal wall (0.94+0.09 vs. 0.59+0.12, P<0.001) and muci-
nous rectal carcinoma (0.94+0.09 vs. 0.68+0.09, P<0.001). Diffusivity value was significantly lower in un-
specified rectal carcinoma than in normal rectal wall (1.28+0.15 vs. 2.20+0.34, P<0.001) and mucinous
rectal carcinoma (1.28+0.15 vs. 1.8920.25, P<0.001). There were no significant differences in parameters

of DKI between different pathological grading. Conclusion DKI parameters could be used in discriminating
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different histologic types of rectal adenocarcinoma, but its value in evaluating different pathological grades

need to confirm with more studies.

[Key words] Rectal cancer; Diffusion Kurtosis Imaging;

B & 5101 0 A NOR i B AT B Tz
45 H s MARIE TR A 21 WA B IR
T Bt F 5% R A RIS T 404k, 27 T T AR 48 2 B0
B BT X L R T R AE A IR 25 R
PRIy H A D HESEAMAIRYY . Em R RS
RITIT RS 18 22 IR 3 G ) 0 e g 40 B0 0330
L7 oy RN ISR g B PR 58 A8 25 340 PR T o A
I VRIr E m J ge 1) 0 A A R R ) e ) o B SIS
XF T U b S A PR T B R

T RE G IR AR BB 4SSy B 968 5 4l Bh T Ak g7
P AL S SE M TE N I B 25 B H i
U BE 8014 (diffusion kurtosis imaging , DKI){E b —
Tl 24 A D RERE LR 1R, RERSHENR ALK 7
ARSIz s, AlE AR (mean kurtosis
MK) . F ¥ HUR (mean diffusivity, MD ) ] > 2 %L
KB WAL S e, A SCHRARIE DK X i i
TR A B | LR g S e PR 1 ) 2 A —
SE DG =120 (H A L P 14 1o T3 70 fF
FARIE , AWFFERTT DK 7E LY 538 g o 2 53
R FHNE, FFITAN DK X B 269 R Ia 19 45
WIfET

1 MR5FE

1.1 R4 AriEtdsE A 2015 4F 1 H &2
2016 4F 12 H Z 8], 283 B s BRAIE 52 A 15 9 0T
52 7 AT E I H HLE 3 BF MR A DK 351 44
() R O AP, 363t 132 1), Hoh | B 3 i
i 116 41 (5 70 B, L 46 1 F- B 59.5 %
AR 29~83 %), HGEEWMRE 16 6] (35 8
B, 28 Bl FHFER 50.1 &, FTEH 22~67
) M ARRIE . MR K2 1 75 281 i 3
ERI2 0 B, @~ E T MR B ATk
AR G FARIGYT i A7 S5, R
HEBRAR M . QO 5593 BTG K 45 5 by B By A%
QR BRLE R AR WA 40 AL RE T ; MR BIE o
AME, B WAV B E I EE T MG R &R
(IR 2= B 2 — BE B BR 2A AR PR S B 2%, [2012]
261),

1.2 MR K7k

Mucinous carcinoma; Pathological grade

1.2.1  HiEs LEfRmEs  AF5CR SR
|1/~ F) Magnetom Verio 3.0T #8375 MR S1%1% ,6
A AE AR B T MR B DK SAG34

T 8 2 0 A 7 T R M T % I K B
PRI L3R5 2 2R AT T 1) B vh v A i 75
AR (30~120 ml, )~ TR B A AR 28
JE . KEAEHT 5~10 min FFALATEA 20 mg LU 5508
LAY/ fi 3 855 B0 T 7 AR BRI
1.2.2 HAMFRE EHER TSR (1) R
T2WI(ZE 5.0 mm) ; (2) B HEAARAL TR AV B
1E A2 A0 T2WIL (J2)2 3.0 mm), oo e s8 il 47
T2WT 2 {3 0 F T s T 7 B Jis Rl T 4

DK J37 81 454 7 58 12 130, SR T S i & A T
WS- 75, B BOROR AR B R b 3 5
4~ (0.600,1000,1500 2000 s/mm>), TR 3800 ms,
TE 74.4 ms,FOV 300 mmx245 mm, 2/ 6.0 mm,
RE R/ 2.7 mmx2.7 mmx6.0 mm, REXRE 2,
FEEFTE] 6 min 1s(6 4 01 #2)
1.3 EHREEA B R b 8 132 BB 1) MR
JRURE R A% 2= T AR AEEP T AR A E
Wk % 1) )5 Ab BRAR 4 (Diffusion Toolbox ) H 811 4 B 11
DKI S8 & |, I e/ —3fe v 4 I DKT ALY | e 4%
b=0.600 10001500 .2000 s/mm?>, #EATHIA | 1155 H
VS R BN HOR S AT

In(S,)=In(Se)=b - D+1/6-b*- D>+ K )

Horp S, AR b (E BT A RS IR 15 5 0
BE 5 So A b B 0 2 0 B I A9 4R A 5 58 D
FRYHOR (diffusivity ) , & 28 F = Wiz sh i B 45
WA R IY HR S, BN H mmYs; KRR IEE R
B (kurtosis ) , & £ 7K 53 1Y 5L PR 4 Bz 2 AH XF
5 PRARAE BUT m 30T2 o B SRR TE R

JE % BB X 35, (region of interest, ROI) I 1€ X .
G E ARG T2WT BRI BRI 40 s | 430 ik
By S Jo 5 A A R RE 1 em LA IE R RE
1 3 A2, 75 DKI 2404 T30 4) i ROL, 2] i
i B R T 4R AE X SRFE X WA A X B &
JEE (TR 1) o 40 )W P SIC Joi R I % i e =) i 1) 3
A~ ROIs 175 19 DKT S HURE A BHEME A4 A
MZEME(D,K),



GHEAL PR 22 3 (B FRR) Y2018 4F 3 A% 104 5 1 ] J Dig Oncol (Electronic Version), March 2018, Vol 10, No.l

13

N
—

1 54 2 5 A B h o O E R B DKI 20 A AT

I RO R (K=1.02) ; C. 9 HERSHE , AE R ROLIMEN (D=0.83x10° mm%s)

1.4 JRBEBTRL BT S TR IR bR A W
T RRE TS AE R R SR S5 R ) B Kl
Jges 53R s oAk R A AR o3 A g L A AR
o I 509% RSy, WAIZ R IR R
JidaE  ABEE h IR g A 116 415 e A
R R AR R E A 1,93 R 22 i, S
Gh AR 16 1155 R

1.5 Geitsrdr N SPSS23.0 e itk AT KL
a4 M | e Kolmogorov—Smirnov e 6 XoF
FHHMSE (K M D) #ATIESHERR, 1
Wilcoxon F6 55 b 458 38 38 i 988 1 g 52 o IX 5 1E %
Ji7 BE () DKT 28018 25 5 5 (1 ] Mann—Whitney £ 45
PO i 5 R DKT S0 LA S8 i i
JEA R 7 EREEE 9 DKI S H{E 25 . I 2=0.05 4
KgAK, P < 0.05 N2 A G2 R,

2 R

2.1 AT BIN DGt 22508k (R 1)

2.2 EEBEMNE ST S IERARER) DKISEL 116
151) 1 M 5 38 g I8 S o IX 5 T i BE 1Y) DKT 2
BIME K AR 2, Pi#E D K MERHHE
HH 277 L (P< 0.001, K1 2A))

2.3 A[FEEEZEALE A DK S50 A 116
151) . 7 35 68 it s IR S T IX 5 16 161 1 M 26 T R
FE IR SE T IX. DKT 400 F e 4558 L3k 3, i
D K W27 EA %5 L (P< 0.001, Bl 2B),
2.4 ARFEACHEE EBE DKI S8 94
5l v v 43k T 1 5 3 R e IR S T IX S 22 AR
G4k B 3 R g R S BT X DKT 283, 4
MUK 4, WEND KWERIARAGRIT#E
X (P>0.05, Bl 2C),

3 e
5409 MIRT AETE 7525 7 T 0 6 1 L)

R1OMAREANOGI ()

AR FURIE

Bi%x 116 16
AEE RS, % 59.5 50.1

ARSI % 29~83 22~67
P51 % 70 8

z 46 8
9 FHL 4 2 = 1 1

th 93 9

1% 22 6
MR 434 T, 0 0

T, 17 2

Ty 59 9

T, 40 5
FARF K H ¥ Dixon FAR 75 9

H i Miles FAR 41 7
BRI A 48 10

P 68 6

F2 HWBEERE MR IRIX S
1E# T EE ) DKI S5 H % i
DKI 244 i 9 52 5 X 1 e P
n=116 n=116

D(x10mm?s) 1.28+0.15 2.20+0.34 <0.001

K 0.94+0.09 0.59+0.12 <0.001

1 B 2278 N mean=SD

R3S FBE DKT S5

DKI 35 3 TR P
n=116 n=16
D(x10*mm¥s) 1.28+0.15 1.89+0.25 <0.001

K 0.94+0.09 0.68+0.09 <0.001

1 B 7R N mean=SD

R4 AFDACTEE E S R DKI S8

DKI 24 e oAb g 53 Al s P
(mean+SD)n=94  (mean+SD )n=22
D(x107°mm?*/s) 1.28+0.14 1.28+0.18 0.972
K 0.94+0.08 0.92+0.12 0.220

BR8N mean+SD



14 (ISR RS 2= 3 (B R 2018 4F 3 A% 104 4 13 ] Dig Oncol (Electronic Version) . March 2018, Vol 10, No.1

A B c
4.007] 2.50 i
&;:,:m @ms& 1757 % &hﬁu
" i 7% i 7% o [ieris 7%
3.00 2.00 1.50
2007 o, % 1.50- ) 1.257) - o
i " g o
=5 b : 1.001 o
1.007 ¥ %wz M 1.007 45327 % "
= % ! 2 é 751 g
.00 807
T T T o
i ke HI R &AM -
g:l}»[i E%ﬁﬁ%gﬁ ﬁﬂﬁﬂg

2 FAEAR DKI 2R HCR A R BRI ECES A S5 S 1EH I RE B ELM 0 M-S R ; .. B S R (%

sresEha il

HEAT HE A R T PEAL 1) 3 4F >k MR D) R
Jo; FH Al Bk ik Z2 0o 71 DK AR S —FF %3 35 B9 MRI
e AR A, B BN DWI (diffusion
weighted imaging ) Fe AR B IE A | BB NS HE R P4 K 53
TR m iz 8h | ok s WLl 200 S b RE AR oY
fiRiE R W] DKT AT H TSR | FLAR S AT AR
(14 S0 2 i 0 %) 68 5310 45 )5 T

ARWMFFE 45 3 W78 DKL 4> S50 B
i 3 30 95 R OE B B BE R 22 5 B Gt B
X, IF HAE B R W e 58 58 s 1Y DKT 2
BRI R AT GE T2 8 S B TEAS [R] A B 23 4%
B R oAb T AR A A R
DKI ZH i =5 A EA G L (E 2) w4
FRW DKI 805 5 M 00 K% B LA — 2
(IR SN, X M4 JE DKI FE B AR 20 301 37
ROV 48 I PR PR T JE A

AWM R, R SR RE
DKI S EAHE NS | XEH DKI X
T 1 ) BB A e S5 591 () E H L U S b 21 2 1
AT 06 B R (K) MBS DKI BUSR E AR s
AINSHL, Re8 Wl ZUHOR S 14 1 52 2 R i 1)
FEARRBFFE T, W SR IX /) K (B T IE
JigBE 3k AT RE S PR ok L i vk TR S 5 X 44 i 1
AR, DA A5 40 A 2% B 3 ey | 40 B HE A T R
25 RIS PROER A 3G 5 35T R AL 25 R 2 | 20 s

Az, DRI R A R S 5T DX AR L G ) O e e R
RTIERHEE, BTl (e b ER K72 3R
iz s 2 AL SR AE % K o112 Bl il
75 1 Uiz s B AR B RO ) RIVZH LAY K (B8

BRI B — R LI R b

WL 50% R EEH A E AN BRI S
0 R EL AT WD A AN T 4 i PR B A, AR
AW BB, IR S 5O o M XD 3 H.
HATH TR, 55 A 0 AR B 83 X8 8
B AT AU R BT RERR 2 W
RN, XTI IRYTT 7 Ik 1 e % DL K G
AL BT AT R SN R R L, ARG
i MRT AE A BT B 36 1800 132 W7 2240 T
WBE GG ASBETOR DKI ] T B 5O
9 5 3 R Y S SR R L R R Y
K AE WA T B 3 G R o RO B 5 A
B W RSy | T B des 20 S T R HES
B R R KRR IR SR TR IR A B A2 R
J3E -5 98 30 R AT ORI, DRI  b (EL BRI
I K 93 5 i Bl 52 8 R4S A TR 5 IR AR X /) | B
LA 25 w55 $9r iz sl A BE AR/, BB B9 K
(ELAF X5 3 e 21

L g 64 73 AT B8 S R W e R T ) R A
R 22— 00 3BT TN A B9 o AR BE XA ST 5
R RAEESHME, T o R
4 B 8 | e 988 200 L P JE2 B IR A 25 A W i 22 |
It H b8 240 M ) S B PEBOR  H B  ET e
JEE AR A e P P ) S o D R A T B AR
B M s L ven P M i ) P R TR 5 B i A2
%% PRI OK o3 17052 2% 4 R R 58 rh 7 R R
AR B2 DU RE S B ™2, Kk Tk A AR s
AT DL EE 22 Al 25 i S0 sl O R AR T BB R
ABIF T4 S b 7 v r A R L S B 4 A )
A1 B 5 M 19 DK S804 25 5 0 G it
RO, 5 MBS A — 22 IR
T2 A R AR 7 A AT U8R, ol Rk



G AR IR 27 (B IR0 92018 4F 3 H5 104 %9 1 1 J Dig Oncol (Electronic Version) , March 2018, Vol 10, No.l 15

i 5 SRR A L R Rk 2 SRR T AR 20
s oAk B R B ) BOR X A A T R 4
N E SRR R A o N R S N A S A K A
3 A L i g 1) PR ) Bk B 5 ) 25 ) R E R I DA
S DKI 280k A Geit 2 L AFAE 2 R 128 4e | X
WA R Z 58 e i — B3, AR DRI H# R
TEE R AR, i LLE DKI 75 B 8 T
AIRFSE 5P R A —AS R4 1 SE R

WG AL Z AN TE T, BRI B 1k
JRgeE B BB | HLEE B A A B R AR B Y
WFFERIESS . 74k %A ¥ DKI S5& %0 DWI i
FIXF e, R AE4S T s DK BRI Ak

i LRIk, B MR AE B -5 1 F i BE DK
(R4 S50 B A BB 0 2 5 DKL 2 50RE I
L R L USSR ) B A=, R e
e SR I R S5 T DKT 2505 J A
[ 3L o3 AU AR B R AF DG 3R A o B 2 I 5

% 3k

[1] Siegel R L, Miller K D, Fedewa S A, et al. Colorectal cancer
statistics, 2017 [J]. CA Cancer J Clin, 2017, 67(3): 177-93.

(2] FEA SR BH B 0 | 4 F I R  ff A J 58 S HEBCR AT
[J ] TH AR s (FR TR , 2016, 8(3) : 196-199.

[3] Engineer R, Basu T, Chopra S, et al. Factors influencing re-
sponse to neoadjuvant chemoradiation and outcomes in rectal
cancer patients: tertiary Indian cancer hospital experience[J]. J
Gastrointest Oncol, 2015, 6(2):155-164.

[4] McCawley N, Clancy C, O'Neill BD, et al. Mucinous Rectal
Adenocarcinoma Is Associated with a Poor Response to Neoad-
juvant Chemoradiotherapy: A Systematic Review and Meta —
analysis[ J ]. Dis Colon Rectum, 2016, 59(12):1200-1208.

[5] Zhu H B, Zhang X Y, Zhou X H, et al. Assessment of patholog-
ical complete response to preoperative chemoradiotherapy by
means of multiple mathematical models of diffusion —weighted
MRI in locally advanced rectal cancer: A prospective single —
center study [J]. ] Magn Reson Imaging, 2017, 46 (1): 175-
183.

[6] Ganten M K, Schuessler M, Bauerle T, et al. The role of perfu-
sion effects in monitoring of chemoradiotherapy of rectal carci-
noma using diffusion —weighted imaging [J]. Cancer Imaging,
2013, 13(4): 548-556.

[7] Bauerle T, Seyler L, Munter M, et al. Diffusion—weighted imag-
ing in rectal carcinoma patients without and after chemoradio-
therapy: a comparative study with histology [J]. Eur J Radiol,
2013, 82(3): 444-452.

[8] Pham T T, Liney G P, Wong K, et al. Functional MRI for

quantitative treatment response prediction in locally advanced

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

rectal cancer [ J]. Br J Radiol, 2017, 90(1072):20151078.
Raab P, Hattingen E, Franz K, et al. Cerebral gliomas: diffu-
sional kurtosis imaging analysis of microstructural differences
[J]. Radiology, 2010, 254(3): 876-881.
Roethke M C, Kuder T A, Kuru T H, et al. Evaluation of Diffu-
sion Kurtosis Imaging Versus Standard Diffusion Imaging for
Detection and Grading of Peripheral Zone Prostate Cancer []].
Invest Radiol, 2015, 50(8): 483-489.
Sun K, Chen X, Chai W, et al. Breast Cancer: Diffusion Kurto-
sis MR Imaging—Diagnostic Accuracy and Correlation with Clin-
ical—Pathologic Factors [J]. Radiology, 2015, 277(1): 46-55.
Zhu L, Pan Z, Ma Q, et al. Diffusion Kurtosis Imaging Study of
Rectal Adenocarcinoma Associated with Histopathologic Prog-
nostic Factors: Preliminary Findings [J]. Radiology, 2017, 284
(1): 66-76.
Jensen ] H, Helpern J A, Ramani A, et al. Diffusional kurtosis
imaging: the quantification of non—gaussian water diffusion by
means of magnetic resonance imaging [J]. Magn Reson Med,
2005, 53(6): 1432-1440.
Wemer M, Flejou J F, Hainaut P, et al. World health organiza-
tion classification of tumors: Pathology and Genetics: Tumors of
the digestive system [ B]. International Agency of Research on
Cancer, 2000.
Brown G, Radcliffe A G, Newcombe R G, et al. Preoperative assess-
ment of prognostic factors in rectal cancer using high —resolution
magnetic resonance imaging [ J]. BrJ Surg, 2003, 90(3): 355-364.
Prezzi D, Goh V. Rectal Cancer Magnetic Resonance Imaging:
Imaging Beyond Morphology [J]. Clin Oncol (R Coll Radiol),
2016, 28(2): 83-92.
Mannelli L, Nougaret S, Vargas H A, et al. Advances in diffu-
sion—weighted imaging [J]. Radiol Clin N AM, 2015, 53(3):
569-581.
Chand M, Yu S, Swift R I, et al. Mucinous carcinoma of the
rectum: a distinct clinicopathological entity [J]. Tech Coloproc-
tol, 2014, 18(4): 335-344.
Yu S K, Chand M, Tait D M, et al. Magnetic resonance
imaging defined mucinous rectal carcinoma is an independent
imaging biomarker for poor prognosis and poor response to
preoperative chemoradiotherapy [J]. Eur J Cancer, 2014, 50
(5):920-927.
Boras Z, Kondza G, Sisljagic V, et al. Prognostic factors of local
recurrence and survival after curative rectal cancer surgery: a
single institution experience [J]. Collegium antropologicum,
2012, 36(4): 1355-1361.
White N S, Mcdonald C R, Farid N, et al. Diffusion—Weighted
Imaging in Cancer: Physical Foundations and Applications of
Restriction Spectrum Imaging [J]. Cancer Res, 2014, 74(17):
4638-4652.

(WA B 39:2018-02-11)



