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Application of MR-IVIM in the diagnosis of benign and malignant lung tumors and the evaluation

of chemotherapeutic efficacy in lung cancer
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Abstract: Objective To study the efficacy of magnetic resonance-intravoxel incoherent motion (MR-IVIM) parameters in the
differential diagnosis of benign and malignant lung tumors, and analyze the changes of IVIM parameters before and after
chemotherapy for lung cancer, so as to find out the optimal evaluation parameters. Methods Thirty cases of lung cancer and 20
cases of benign lung tumor were scanned with pulmonary MR-IVIM. The evaluation of RECIST evaluation criteria showed that
the chemotherapy for 30 patients with lung cancer was effective and the lesions shrank to varying degrees. Pulmonary MR-IVIM
scans were performed before and after chemotherapy. The IVIM parameters of lung cancer and benign lung tumor, and the IVIM
parameters before and after chemotherapy for lung cancer were measured. The IVIM parameters included apparent diffusion
coefficient (ADC), tissue diffusivity, pseudo-diffusion coefficient and perfusion fraction. The diagnostic efficacy of IVIM in the
differential diagnosis of lung cancer and benign lung tumor was analyzed, so as to determine the optimal critical value for
diagnosis. Moreover, the change of IVIM parameters before and after chemotherapy was analyzed. Results The intraclass

correlation coefficients of tissue diffusivity, ADC, pseudo-diffusion coefficient and perfusion fraction measured by two observers

(s B #3]2019-04-21

(E£TE @y AT HEIA (41693)

(1EB BN ) T3, i, IR BN, BF5E 07 17« IR REEIR R4 R 512, E-mail: fjmuwang@sina.cn

(B 1EE 10E 2, BTN, @202, WF5T )7 1) IR R AR (S R 512 7, E-mail: laiqingquan888@163.com



6 TR, G WSRO T2 Zh 7 il B AR PE IR (412 Wk BE K2 it A0 5 7 RO Al i R T - 683 -

were 0.825, 0.793, 0.704 and 0.697, respectively. The ADC and tissue diffusivity of lung cancer were significantly lower than
those of benign lung tumor, with statistical differences (P<0.05), while the pseudo-diffusion coefficient and perfusion fraction
of lung cancer were higher than those of benign lung tumor, without significant differences (P>0.05). The area under ROC curve
of tissue diffusivity and ADC in the differential diagnosis of lung cancer and benign lung tumor were 0.888 and 0.847, respectively,
which were larger than 0.500. Both tissue diffusivity and ADC were useful for differential diagnosis, and the diagnostic efficiency
of tissue diffusivity was superior to that of ADC. The sensitivity and specificity of tissue diffusivity were higher than those of
ADC (88.8% vs 84.7%; 75.2% vs 71.5%). The optimal critical values of tissue diffusivity and ADC in differential diagnosis were
(1.185%10”) and (1.265%10™*) mm?/s, respectively. Compared with those before chemotherapy, tissue diffusivity and ADC after
chemotherapy were increased, while pseudo-diffusion coefficient and perfusion fraction were decreased. The area under ROC
curve of tissue diffusivity and ADC of lung cancer were 0.743 and 0.654, respectively, which were larger than 0.500. Both tissue
diffusivity and ADC were valuable in the evaluation of chemotherapeutic efficacy, and the evaluation efficiency of the former
was better than that of the latter. Conclusion The tissue diffusivity and ADC in MR-IVIM can be used as effective indicators
to differentiate benign and malignant lung tumors. The diagnostic value of tissue diffusivity is superior to that of ADC. Moreover,

tissue diffusivity and ADC can also be used as auxiliary indexes to evaluate the chemotherapeutic efficacy in lung cancer.
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HACIT R G YA T RE LR IVIM G 2, IF h P 4% W TR
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SR A% fre 2 A . SO A 2l R 4 TRIR AR
BREE AT AT
1.3 Git=ah

JT A B Y B br e 22 R0R . 4 88
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Fig.1 Intravoxel incoherent motion (IVIM) images of left upper

lobe lung cancer before chemotherapy
P HERECH 1.06%10° mm¥/s([K] 1a) ,ADC & 1.14x10° mm¥/s([&] 1b) , £h
PHCARECH 12.25%10° mm?/s (& Lo) , #EIESMECH 56% (18 1d)

#1 FREMMEIVIM &S5 L

Tab.1 Comparison of IVIM parameters between benign and malignant lung tumors

ADC/x10°mm?**s*  fh¥ R EUx10° mm*-s*  FEEEU%

ol n AERE PEEEU<10° mm’ s
Jili PRI 20 47.50+15.74 1.45+0.35

Jitidz 30 49.00+9.23 1.03£0.31

PH - - <0.01

1.48+0.41 6.76+2.89 36+14
1.09+0.34 9.2243.68 48+16
<0.01 0.366 0.347

ADC : FY H R EL

2.2 MRBEMEMEIVIM &S ISR E R R RE
& 5715

VANifEE A A 4, Ffrls L ErbRg A xR 22 ROC
MZLEI(E12) , 73T S50, 45 R Ry B 2L ADC

PR Z BT 5 B 26 T T B (Area Under the
Curve, AUC )43 5147 0.888 .0.847 .0.314 ,0.291 , ¥ # &
5 ADC B AUC Y585 0.500 , BAG B2 WichE , B
PHRIAB AUCHK (£2) . ¥ AR ADC fhy B
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R BRI YA 54 (1.185%10°) mm'/s,
(1.265%10°) mm*/s . (7.415x10°) mm/s .44.5% , ek
FIVRE P23 511 K 88.8% . 75.2%384.7%.71.5%;35.0%
26.7%315.0%.50.0% . " HUR B IS W USSR Rl 57
PEY T HRASE(RS),

0.2+
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2 i B M BRI IVIM & S8 ROC BRZ B
Fig.2 Receiver operating characteristic (ROC) curve of

IVIM parameters in benign and malignant lung tumor

2 B REMMEIVIM S ROCHZ TER(AUC)
Tab.2 Area under ROC curve (AUC) of IVIM

parameters for benign and malignant lung tumors

E e AUC 95% {5 X.[H]
JHREL 0.888 0.776~0.992
ADC 0.847 0.722~0.971
P BR AL 0.314 0.163~0.466
TETESTEL 0.291 0.143~0.438

2.3 FBLITRIS IVIM & S 80T 508 L 85

P 3 Ay e il b s kAR 7 S TVIM &S, il
FEALIT T IG IVIM 2 2500 e B on i@ by v 5, 37
BRI ADC 25 TACTT T, O B R B T 57
BULFAITRT(P<0.01) , ML 4. XHEITHTIE IVIM
B S EEAHT ROC LA (K 4) , P i R B
ADC ] AUC 4351124 0.743 .0.654, 8 1 0.500 , A 5 4t
AL RLRE , PP 8 R B IPAG SRR B K (3R 5) 6
PR ZR B HE B AUC KT 0.500, PEAH AL

3 IVIM ZSHE REM A EER)I2HT B R EIRFE  QURENST ST

Tab.3 Optimal critical value, sensitivity and specificity of IVIM parameters in the

differential diagnosis of benign and malignant lung tumors

24 IRl S THURREE /% RSt % 95% ' {5 X 1]
PHREL (1.185x10°) mm%/s 88.8 75.2 0.776~0.992
ADC (1.265x10*) mm®/s 84.7 715 0.722~0.971
P BREL (7.415%10°) mm?/s 35.0 26.7 0.163~0.466
HETESTHL 44.5% 15.0 50.0 0.143~0.438

IVIM G045 /K 23 TR BRI A e, SR B AU,
G R Z AR 2 TVIM B IS i F XS B
T3 R VR R K P R EICRAAE | 52 R K
TR B R R AR BE S50 . 55 ADC
43 AbRUE ADC FI B E, DT B VR 1 (8 7R K 43
T HGZ 8. D HER B HE o B WL 1
PEo IVIM HsRECIABUSAR Y b B &S AR R S
BB A OCHE B8 b AR, TR, (R R
[ (32 3h D 56 ok i U A 32 B LR T,
I, R S SCHRARE (K b (I T2 5
BRI H 5 22 FLGH W LU () AR AR AR SRR+ . 225
W AWFFE RS 0 78 Y 13 S bE, T

] 7~8 min. 91> b{H<200 s/mm?*, T B HE /R HETT A G
ZH 44 b(E>200 s/mm?, IR K4 FP HUH &
SH XA R S B SRR o

AHIFSE F iR ZH AT ADC W ARG T s 4 e
N, 5 CHIRIERT A, ROC fhZR Mg i HL &
0 ADC . Ih ™ 80 R B R 43 B0 AUC 43 51l
0.888.0.847.0.314.,0.291, ¥ #y Z%H AUCH KF
HRSHE, FTnY A2 WR e e, Wit
ROC [ Ze PTAf $5e I 534k B4 A0 B R A S MDA i e e
FEIG FHE A, Bitiis JB 3 9 R O ADC (1) A1l 5t
H 3918 1.185%10° . 1.265% 10 mm?/s, >4 FF i35 o
SrH HREA ADC /DT LRI FHERS T RAEE 7 i
AR IR T RE, HYECR B U (88.8% ) Y
S (75.2% ) 55 T ADC BIHUREE (84.7% ) Mo b5 5+
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Fig.3 IVIM Images and parameters of left upper lobe lung cancer

after chemotherapy
PHEEECR 1.72%10° mm¥/s([£]3a) ,ADC 4 1.84x10° mm?/s([€13b) , ) #k
FHCN 9.47x10° mm*/s (] 3¢) , HEFE /A 34% (1 3d)

4 FETTRIRYT SRS ADC AT MR R ET S B R
Tab.4 Comparison of tissue diffusivity, ADC, pseudo—diffusion
coefficient and perfusion fraction before and after chemotherapy for

lung cancer

S8 &) T HE PIE
PEEH/X10°mm> s 1.03£031  1.344034 5473  <0.01
ADC/*10° mm’* 5! 1.0940.34  1.44+037 3.758 <0.01
-5
) 92243.68  7.3142.68 7362  <0.01
x10° mm’- s
HEEDEUY% 48.23+16.00 36.97+15.00 5.446 <0.01

0.2+

0.0 T T !

T
04 06 08 A8
1S

4 R LITIT 0T IVIM £ 2 8 ROC BhZZ &
Fig.4 ROC curve of IVIM parameters in evaluating the therapeutic

effect of chemotherapy for lung cancer

*5 FERMTEREIVIM ESH ROCHZ TER(AUC)
Tab.5 AUC of IVIM parameters before and after chemotherapy

for lung cancer

24 AUC 95% ' {5 X 1]
PHRUREL 0.743 0.609~0.878
ADC 0.654 0.507~0.800
A R AL 0.348 0.207~0.489
HETESTEL 0.302 0.169~0.434
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