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Value of CT Perfusion Imaging in Evaluating
the Curative Effect of Radiotherapy for Non-
small Cell Lung Cancer*

SI Xiao—san. Department of Radiotherapy, Zhoukou Central Hospital, Zhoukou 466000,

Hennan Province, China

[Abstract] Objective To explore the value of CT perfusion imaging (CTP) in evaluating
the curative effect of radiotherapy for non—small cell lung cancer (NSCLC). Methods
Ninety—six patients with pathologically confirmed NSCLC who underwent radiotherapy
were selected. CTP was performed before and after radiotherapy to obtain CTP parameters
blood volume (BV) and blood flow (BF) in the tumor area. The changes of BV and BF
before and after radiotherapy were compared. The ROC curve was used to analyze the
efficiencies of the reduction rate of BV and the reduction rate of BF for evaluation of the
curative effect of radiotherapy. Results Among the 90 patients, there was no patient with
CR, 46 patients with PR, 37 patients with SD and 7 patients with PD after radiotherapy,
and the remission rate was 51.11% (46/90). The BV and BF were significantly decreased
after radiotherapy (P<0.05). Compared with the non—remission group, the reduction rates
of BV and BF were significantly higher in the remission group after radiotherapy (P<0.05).
ROC curve analysis showed that the efficiencies of reduction rates of BV and BF (43.20%
and 16.50%) were the best for evaluation of the curative effect of radiotherapy. The areas
under ROC curve were 0.839 and 0.811. The corresponding sensitivities, specificities
and accuracy rates were 82.61%, 88.64%, 85.56% and 80.43%, 84.09% and 82.22%,
respectively. Conclusion CTP parameters, namely the reduction rates of BV and BF can
be used as evaluation indexes for the curative effect of radiotherapy for NSCLC.

[Key words] Non—small Cell Lung Cancer; Radiotherapy; CT Perfusion Imaging;

Evaluation of Curative Effect

Ity g 2 4 BR B R A v S MR MR, Fdr RN 4 B il (non
small cell lung cancer, NSCLC) [580%" ., HiZffamE, L¥HBER
LR O T 1, AT O E BRI F B, TR, BEE BULIT
ARETH S, o7 80 Ae B 3w . IR P NSCLCIB T I M,
PLFIT R R Ba T 7 %, WiERETEEEEEE XY, $hE
R 2 A VPANSCLCUA ST IT 3 EEF B, IR K HLRECISThR#E, )
PEI6 T 1 e BLAR KNSRI 0716 9T OB, AR TR S0P A5 T7
EFFANRRE B R T AR SR, T BT RO R — o R IR
o CTHEVF A% (CT perfusion, CTP) & — MU M TIRESUE A, H
RefE SR MR UL 5 B, JFLA%E & (blood volume, BY) . Il &
(blood flow, BF) %5 2 W S H0 AT e & . CTPAE il Jfe 14 Jod %551
T3 B4y R e g 2 Tz T IR T PR VR FE R A 2 I R
BT, JECEEWIE R . AW 5 R B CTPH AR M EENSCLCTRUT
HIJEBV. BFZ%, BERIN e TNSCLCHEUT 7 B A il R AN
B, DUHAIRRAMEWEITIRAETE S, BREWT.

1 #H5EFHE
L1 —ER WR201745 1 H ~ 201848 1 3R IR A BHE

FRAIE 52 AT THOT 18 7 90BINSCLC s 2, Hh Be 144, 2029 4F#d
41~T78% (64.58+8.76) % ; ST, ME194]; TT1Tali2745], T11b



W63 B B AT ORI
J7, 2Gy/d, 5IR/H, FlEEILA
60Gy. GINbRAE: (1) 540 M 1
(ITTafABRITILHA) 5 (2) M ikt
REME MM 2 (3) FF & HUTE N
iE; (4)KarnofskyiF4sr ANMET60
grs (B) BUT B Ja S # 52 CTR 7 5
(6) A FI ¥ RAT HADGUMIRG IATT
Ho HEBRARAE: (D) &I ENE
B (2) BEAEA PUMR RTS8
i (B RFEHEURIT#E: (4 IHIK
PERIAN ST 423 o AW 5T A5 2 Bt
EFEABERSFZEL, Ff
BHEWBEMERET.

1.2 CTPHE XHEZ
Aquilion 64/Z#2jiE CTHL. K&
i, B EUMENML, T 2
3, B FIRMPR S B, B
WHHSE EERRT, Az
. EHENSOKY, FHIEA
150mA, #EEO. 5mmX 64, gk
F£250. 5/, HE#EJE N5mm,
KEEEEBESmmX 4i 1, KE
97 H 42 N400mm. 28 R KON
FEJE X L 7 A I (350mg 1 /mL) ,
R N5mL/s, FEN100mL, ZE
IR3ATHEFHH, S N50s,
FHE R N0, FREL2001E K
1% . BHRMHEHE B2 Vitreal
VRS, SR FH B 8 il 350 2 A5 M v
AR A, N EER
BB A A Bk B A K
Xof Bl 7 55— VR 8 3o iR B (] -
WML, Gl HEE S BBV,
BF, it SHBVAH B 2= GBUT AT
BV~ 807 JE BVAE) /0T AT BVAE
X 100%, BFEFFAKFFVEITHE .
KI5 RIS R X (region of
interest, ROI), & i J& i &
M KAE,  FERFH A IE AT il
Ry NI S B Rl = A DL TR S
1

1.3 BUTITREMH S8
RECTSTHz #E ™ ¥ 4 U7 V6 7 X
i PR R AV R, KR

CHINESE JOURNAL OF CT AND MRLLMAR 2019, Vol.17, No.3 Total No.113

Wkt, ATEGM (complete
response, CR) ;iR B KAR IR/
30%LA L, 9oy Z2f# (partial
response, PR) ; iR i K A2 B A8
AEFPR. PDZIH], J9ESSE (stable
disease, SD) s [ JRd & K A2 48
20% A BB IUET I R L, vt
J& (progressive disease, PD).
PACR. PRNZEME, SD. PDNJYT AKX
KRG -

1.4 Git%EStT EEL=E
BWREIES S, Bh(x &s) ¥
&, BT R A AT RO LR B
2H 8] LU B AT ML R AR A 06 s
FAROC it & 73 47 AH ¢ Z HU NS CLC
BT 9T A VR ARe . 1 E
B, JFitECWEERE. R
JE. WEHIE: LIP<0.058ERAH
Gt E .

2 &5 R
2.1 BUTITH  90fI &,

BT IRYT &, CR Offl, PR 46/,
SD 374, PD THI, ZEMEN
51. 11%(46/90) .

2.2 JBUTHIJECIPS BV, BF
W HHUTRTMEL, NSCLCIK

J7 JGCTPZ BV, BFIYHE S/ (P
<0.05) . WFE1l. A ER
WE1-6.

2.3 ZRAEZMRABY,
BRERRERM Sk
b, SRR ZHBVE P2 . BRE R
KRB K (P<0.05) . W
24

2.4 ROCHIZRAMHT 2k
J7 JEBVIE FFIR R . BREBFR R T
fENSCLC YT I 24 FIROC il £k (&
), AERER, UBVEFMKE
=43.20%. BFF#RAE=16. 50% M
WrfE R, 12WraRE s, ROCHHZ
AR 291250, 839, 0. 811 (83) .

3 W 8

H B NS CLC T 2k T AR ML,
UBUTT 197 2, S # P iA
I ISE T 6 T J7 S8 R L 4R
S, B TUETGE. BT R
YRR ST AE BT IO 76 T WK b R
A& . PR e Bk, Fits
5 SRR R I 5 DR V9 AT T K
. H AT, R I R
W77 B L TS 2 T
AR B E e 1R R A

A1 904INSCLCAX ST BT BBV, BRAEZAL (x £5)

40 7 Ik 3 BV (mL/100g) BF (mL/100g/min)
AT AT 90 9.43+2.88 90.28 +18. 58
&= 90 5.22+1.69 75.87 +20. 36

t 17.479 11. 894

p <0. 05 <0. 05

A2 SME LA EARLEBY. BRERKE R (x £5,%)

48 7| #l3% BVA& 1K % BF# 44k %
P2 46 52.25+14.56 19.23+6.12
REE RN 44 36,68 £10.98 12.54+3.65
t 5.531 6. 040
P <0. 05 <0. 05

%3 BV{i M-k & . BF{E MK EIRYINSCLCK ST 77 B AIROCE K047

A WA TEAR BEE HRE (%) HFE (%) EHAE (%)
BVAH F&{& 5 0.839 43.20% 82.61 88. 64 85. 56
BF{A &R R 0.811 16.50% 80.43 84. 09 82.22

- 37



P EICTFOMRIZE &

2019423 H 178 H3W BE113M

6 NSCLOZG#, %, 59% . Wi, HUTISIT RPN OPR. -39 BIJI7 AICTIIR G, BV

B (BVIE 410, 21mL/100g)  BFEAFZE (BF{E 989. 26mL/100g/min) ; E4-64> 5 N7 5
CTIGTR A% . BV (BVIE AS5. 84mL/100g)  BFEAZE (BF{E 460. 39mL/100g/min)

ROC Curve

Sensitivity
5 5

ull .JI- s 10
1- Specificity

7 T JEBVE B AK 2 . BFE BG4l
NSCLCHUT I 2 FIROCHE £k

M &R A B NE R, H
M A ZR A E T e, HFE
TS 2 R, AF IR 2 R
A bR EVI e B 5 AT, (HIF
AN REAR G b sz AR of A A s R -
P A A2 i PR 1 T ) 30 251 18
R, §18 5 7 A8 AL 97 3L
R (N R A 7 PP S
.
CTPR— Mg R Ih B B H
NP o7 3 RN R RSN
B, 3 B8 S BV A 2 2 Al A 43
A BRI L I VR VR AR L, 7R TR
PRI S IR T RO ) W R I A
Kire, HmFHR&KLA. F&E
b, BRSNS, ok
2 ) I R BE W Bk o BEAE T TR
52, PABV. BEANEMICTPSH AR
WL I B o J8g PA) ol L 7 4 A A
T B8 % M T RE 2 s me fioRg A=
B AR, X 2K CTP R H F PP

38 -

NSCLCHUAL ST 97 2 g B 16 iy
BVHE H bR 4123 M & &, BFIR M
A& PRI TR N 220 H b 21 2R I
WE, A EmREE RN
FEFRAR. BF. BVFRKBEAS S e fif
AR E N R, RiES
ST AT JEBE BVARAGAG Bl T 4] W it
Jii o M CTP RS BE 8 I Wi it I8
L7 R AR 5 PN 08 1 75 % 2 7K
S, ko TR % E S5 CTP S A
BHARES . WUT Sk e R
PSR S M, R R e R A of
5] 72 fir S8 2 43 i i IR B0 S AR
T T A 75 i 93 2E 2 It A 5 R
AN IR FEAG,  F BB R
Mo, AT RFERITIEA . I,
IS S, NSCLORUYT &, fEH
B TF A4 2 PO BT H IR N ) 2
RepAR Ak, B MRS /724 0

AWFF IR, NSCLCHUT 5, BF.
BVE T 17 350 B 2 PR A%, UESE T
JHCTT %ok fi 8 2 £ A A FD B
s R, CTP S M
BOT TG AT E K. AR
22 AR 4 % AE 42 iR 4L BF AR A
., BVIEBRRRY I EIE K, U
WBF. BVIE R 2, J5IT R
BRI f, SHayano% " iE —
. oHoEsRB, CTPSH
ENSCLCHIE A ERENR, 1A

J7 JEBF BVAH BFAK #4247 11 95 5
= 1TBF. BVIEH = . AW I
K FAROC il £8 43 #7 BV {H B A %6
BF P A% 2 X NSCLC T I7 2% 1 1T
WrRehe, 45 BRI, LABVIH FEAK
H=43.20% BFPFK(E=16.50%N
B ER, VA RRE AR, B
KB RF LAy N82.61%.
88. 64%F180. 43%. 84.09%.
Hansen§ """\ Ry, JROT J5 14 g
R /NGL, CTPS$i 36 T a8 i 1
(permeability surface, PS) t40H
K, DAPSIE K Z=25%1E N
BUBTAE, TR 8 AT A A R
JRPE RS N69% 58%;
PS 2 S B i g8 I 3 3 4R
B, ASRESE 4 R B A R 0 I it
ARGL, T AT 7 0] 36 HY e 8 5 4
R ER AL BV . BF 2 Btk 4T
Wt

gZi L TR, CTPX T ¥4
NSCLCTRUT ¥7 X £ A, BV,
BF{H B A 28 0] A 997 2 vEAN 48
B, AT PRI T B 4 B B4R

Fo
253k

(1] B 4, B K. 332 CTT AR 93 69 16 R4
B EAF R [T]. F B CTAMRI A&,
2016, 14(7): 55-517.

(2] & 4548, iy 3. A 5% & 6 5L 9T
AT /5 CTH AR F AR ST RO A
A [T]. F ECTAMRIZ &, 2017,
15(1): 55-57.

(31 7 &, MKk F % HCT
BaERBEANLREER. SR
BT FECTAMRIA &,
2017 (5): 74-71.

41 RBE A, &2tk &, F. CTHER
130 FT 6 AE /s tm A 8 B B
WA TAGEN [T LARE
25,2016, 56 (21): 43-44.

[5]Duffaud F,Therasse P.New
Guidelines to Evaluate the
Response to Treatment in Solid
Tumors [J].Journal of the
National Cancer Institute,
2000,92 (1 Supplement): S16-S27.

(6] &k, x4, Bf Z%, 5. CTiiz



AR R A KB T 2B R R
BRI B F) 06 5T A AR R 9T R F
fEAEAE R [T]. B &#E 3,
2015,18(21): 2611-2614.

[TIRZ A, 2HE, 48, 5. ABA M
T SR CTHE 72 AR 5 A 78 fn 8 A AR
A8 AR [T]. 16 RS 5 24
&,2016,35(2):192-196.

[8]Fraioli F,Anzidei M, Zaccagna
F,et al.Whole-tumor perfusion
CT in patients with advanced
lung adenocarcinoma treated
with and
antiangiogenetic chemotherapy:

experience [J]

Journal of

conventional

initial
International

CHINESE JOURNAL OF CT AND MRLLMAR 2019, Vol.17, No.3 Total No.113

Medical Radiology, 2011,
259(2):574-582

(9] & BF, ALK, 32, 5. CTIl 2 RAR
FERT 2 FRAE 06 55 97 B 44 5 )
[J1. LA EZ,2015,55(17): 31-
32.

[10]Hayano K,Lee S H,Yoshida H,
et al.Fractal analysis of CT
perfusion images for evaluation
of antiangiogenic treatment
and survival in hepatocellular
carcinomal[J]. Academic
Radiology, 2014, 21 (5): 654-660.

[11] #R 42, kA ZR. B A CTHE I AR L
BB AR T A s s 97 T Ak s
m R 67 2 (1], P B F B E L

A7k &, 2016, 36 (2): 155-159.
[12]Lundsgaard H M,Fallentin E,
Lauridsen C,et al.Computed
tomography
an early predictive marker

(CT) perfusion as
for treatment response to
neoadjuvant chemotherapy in
gastroesophageal junction
cancer and gastric cancer—-a
prospective study[J].Plos One,

2014,9(5):e97605-¢97614.

(Rt RAKIE)

A5 8 47 2018-09-03

(E#% 23 W)

FEA BT, W e A K I & B
BRTFE K, HXURAH3D SSFP
5 CE-MRAMIAS K I % B2 2 = B
Bk 5= L, M FH3D SSFP
FE K I8 B AR I & 7 TR R A T
CE-MRA. XUHfAH3D SSFPHA, H
AT DAJR] ISR A — A0 3l A 30 I
W 4a S 7 5k I B S, WA
[i) B 1 00 5 AR KN, A IR
FERER, FommEENED)
fik WilEsh k. Al s bk B A TE
W 40 3 32 35 KT RF 5K, WU A
3D SSFPh A AJ LAHR AL S0 K I
EHE AT A R 0T R
B TRENNBITHEE, KL
B EAR I 2 I IR ) AR T
FWOCHE, HERWEEKFAR
SEWL, WMOWESAE3D  SSFPHAE 4
O KL 2 W b B A 3 1
ZaE.

2 E PR, 3D SSFPRA%
ARAEN —FhFr AR R, fE5k
Lo 12 B 7 T LA T R B K R T

B, XN AH3D  SSFPRAGTE X 560
i S5 KL AL 2 W B
ERMEEMAE, w744 K i
(T2 25 AN [R) B A B A% RS i S
B RO ISERE T H N
IR BEAE . ARSI TR A
R, MR RE IR
WA, YR AR R EHERR
S DR 2% i — D IE

2E UM

[1]1 P B EFHSILAE R4 XM
SEFRERERA.ILEFLLEKX
M IR A ANE ST E KRR [T]. F
4)UARZ &, 2015, 53 (1) : 17-24.

2] Z4, e, x84, F. 8RR
R 5% 1 P B 4 B & R A CTAS B
MBI R [T]. F B CTAMRI 4
&,2018,16(3): 42-45.

31F 4%, 2R BES5CTHRAL
A A 2 A RMESIER P
LR [T]. P ECTAMRI
&,2018,16(2):91-93.

(4] 3R 4. K TR & 424 69wk 2k 4k A%
% % B B B AR )X ok [T].
PEEFEE, 2016,13(11):145-
147.

[513k4& S0, BR¥AT, B =, 5. B AL

HBEB AR EL RS E
MR RAR I By DARE
%-,2014,35(11): 86-88.

(6] 23, 3KIE, k£ %, . MRILES T
Kb Fw e IUE A e Rk
SIEFLE PR [J]. LAE
25,2013, 53 (43): 18-20.

[71%kME, £ 5 RAZE, 5. %3 B4
RCTABERETH KT L £
AAERAMSIEREE X 0EFF
FHHEFFMNII]. TRE
25,2014, 36 (20): 3117-3119.

[81% FHF, JLAE R, 32 &, . Ltk
FIMR A BB A% 3D SSFPx 4 KoM s
Jik % A B R AR [T . W R A
Ze&, 2011, 30(3): 337-340.

[9]F.M.Vogt,J.M.Theysohn,
D.Michna, . AR H S ¥ F
WAL P 4D IR AT ) 5 HEMRA L
3D MRAFE R A4 B M 1A 49
R [T BERESZRAMHFLE,
2013, 36 (6): 592-593.

[10] BRBR LD, Th & 8K, 4F 24k, 5. Ui
#83D SSEPF bk 3 22 MRA L 3% 4% 26
Ao A K e B A2 F 49 2 A
WA L], F B B ¥ F kg4
&, 2016, 22 (3): 254-259.

(ALp#: HKR)

A5 B 411 2018-07-20

-39



