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[ Abstract ] Precision medicine demands accurate assessment of tumor response to therapies with the purpose of
timely optimization or adjustment of the given treatment regimens. Chemoradiation remains the standard of care in advanced
lung cancers and imaging-based noninvasive response evaluation could improve therapeutic efficacy and reduce treatment-
related severe side effects. In this review, we overviewed the applications and pitfalls of major imaging modalities in response

evaluation in lung cancer from a quantitative perspective. The development of radiomics will provide more precise information

o [E] ifi Je Ze 5 20174E 6 1 55205 % 6] Chin J Lung Cancer, June 2017, Vol.20, No.6 * 407 -
DOI: 10.3779/j.issn.1009-3419.2017.06.07 R 2 \* .
a8 I

for treatment predicting, evaluation and prognosis.
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fit ( partial response, PR) | ¥fAasE ( stable disease,
SD ) M ik (progressive disease, PD ) . RECIST
LIBRHESLC O [ N A SRR (L d i ) o7 30T
A FEES R, S REAUH AR SCAR MEARORE T 4% 2
T RAR AR B BB B, AR DI RE 5 1fi S
Wi bR A2, RETE PR b B AT I (AR A Hi AR
00 P e X3 9 B8 SO, AT T LA S R A B 9
AR YT J5 58 o TR AR RN IR 9F 5 A T 41
( European Organization for Research and Treatment for
Cancer, EORTC ) HiifE AISEARIA 1A 7T 7 AU PET PP A A 1fE
( PET Response Criteria in Solid Tumors, PERCIST ) &
i 3 F B AR AR HE R U ( standardized uptake value,
SUV ) FE AR E AR EREE (SUV normalized to lean
body mass, SUL ) 728 Ak i g 43 0 58 4= A0} s g
( complete metabolic response, CMR ) . #i5f 52 vz
( partial metabolic response, PMR ) | fUiiFiE ( stable
metabolic disease, SMD ) FIfRiffiEJE (progressive
metabolic disease, PMD ) 4FRZ, S EORTCHRELL
B¢, PERCISTHRMETESLT AL 19 26-£% 1 A7 W 1y St
M EPPA FE PR 5, L AESUL MBI S (total
lesion glycolysis, TLG ) %, X1l R4 AF 1 T 3 4
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2.1 CT W FMiEBAAAE RN 2N, CTHC R PFAL
Jili FR 95 AR fe EE AR F R A F B A, CcT R
B, AT DA fe KR i A ARG W RO i A2 B0 BT B PR
S EMG B  RE, DR et I N T R T O
i, BRWHOMIRECIST 1.0/1.1F5#ES BN, A4 HE
WEERSH (F1) .

2.1.1 “HERBUE RS MBS MRECISThrifE R IR T
YT T R R A AR, AN iR S R R Y AR
AR CT =4 Z F i 84 2 3 R ( multiplanar
reconstruction, MPR ) B & SR SR A T R R DR T 1%
TG 1 X kb E AT 4 T AR L A B BRI MPREL
AR LA GER T . SR ARTET S AT B B L )2 D5 i i
okt MBS # B2 R IO AL BT A AR A8 2 80 . A
T RE S BT A Ti) . BEORS O L PE Al b i AR ik . 2 IF 5
UESE = e ARFUN G F R el i AR I &, REA% B ks
P T R A0 T ke fi e g AR AR ST,k R I R
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S, U XTI S 0 AN H 0 R S R Y

Jifgeg , PARECIN v B hiaE R, H p S AR A AR
FEIS L 287, JERE MR T m R TAE
2.1.2 HREE SR RN 25 0 BN 51 AT 3 B A b
AN TR s CH I, PRFE L I A 0 ] B R B
AR ), T L A R BT A R AR 2R AR A
W I AT LIOE 25 22 A8 A R AT AR v, 7T BB 23 B 1% LAl
THRIFRCR, IR IR . AL CTE B T )
JoT NS X 0 S WP SR, T A R B S IR MR N
TR A B9 A4 . ZEM.D. Anderson¥# it O T Y —
TS TR AL 1 8 3l 18] RS 7 RO B pE e b, A
K5 b 8 8 S kb e R AR AR AR AR ZE 4, SRR TRk
WA Z 3805, S T S bR e (new
response criteria, NRC ) : Jikbdi KA /)N 1098 & ik
SRR 2 CTE I /N 159 F Dy i 73 2 M b vfie, BA i
(B SR S DO Lee S5 DISE 2 A 5 8O B IE /N4
R filigE: ( non-small cell lung cancer, NSCLC ) BERR
e A A TR T 52 A s S BRI ) 577) ( epidermal growth
factor receptor tyrosine kinase inhibitors, EGFR-TKI ) &
Y H S B AR e TR, DU RS P9 30 552 1 il o322 A O
fifi, S0 RNRCERE, K BL20%Z RECISTHRE A
SR YT TC BN 1 I R A N R COBT b o T Ay SR S %
I HA b i 5 18 B AR AR R AFAE W R I SE T2 A G
P

T3Ah kb AR A iR A2 5 T I O
PEIAT A2 AT — E B . Mattonen 55 i i B 15
220 2 7 AASE T IR YT I FINS CLC & & e AR 3R
B, R Bk 922 XA 2 CTEL LA R B B B A2 X
(14 CT{ELA v 22 HoAT SE U P00 55 S A iy i e, &2
R SR XIS CT L LA B % Bl B e 712 X8 i) C TEL B
WEZE 2 T O PR # . S RECISTHI =42 R
PREAR L, O BL2E S R R (9T vs 15
A, P=0.007,8) 112,
2.1.3 FRECHE RS UGS IE B A e
(18 503 0T 807 PR N T8 B A5 38 00 A R A R A 7 32 ORI =
o A oo I R b DL Y B2 22 5 10 IR B AT i AT
SUPRARAE SR BT, HAE— e AR b S R N Y 5
PE, AT 280 bR A ROBPE S | MRS B Ko HE
SR DT Y ZIF S IR, BT S T
4R T 2 BRIl 88 9 7RG Al b AT E e, A
AT BE A B I 7 O A BN AR 2 48 b o JC 2 A il
FIRIT IR L R b, € OSSR S R b
FHEE,  fE S o ot 3 O 0 1 LI B R Y R S R
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Tab 1 Commonly used quantitative metrics in CT imaging

Category Parameters Software Characteristics
Volume 3D Volume MEDx 1. Used to measure overall tumor changes.
TDA 2. Good reproducibility, especially in those tumors with irregular shapes.
3. Lack of well-accepted standards among various processing algorithms.
Density CTvalue AW 1. Capable of assessing intratumoral changes.
SD PACS 2. Time-consuming in comparison to traditional anatomical and morphological
RER ITK-SNAP measurements.
3. Intraobserver and interobserver variations as well as variations due to
measurement approaches.
Texture ASM OneCut graph 1. Advantage of quantitative description of tumor heterogeneity.
Entropy ImagelJ® 2. Measurement outcome less subject to observers and methodologies.
Contrast Mazda® 3. Results vulnerable to scanning equipment and post-processing algorithms.
Perfusion BF, BV, TEF Syngo 2008G 1. Able to provide functional imaging information by assessment of vascular
MTT, PS AW perfusion within tumors, which may be more accurate for evaluation of
PBV, TVV Functional CT physiological changes than dimensional or volumetric methodologies, such as
RECIST.
2.Be aware of the radiation dose.
3. Performance could be improved by optimization of hemodynamics models.
Energy IRA, Liver VNC, 1. Material decomposition, especially iodine quantitation, provides biological
U, Syngo IPIPE and chemical information related to tumors, in a manner similar to PET-CT
AEF imaging.

2. Thanks to the virtual non-contrast technique, the unenhanced examination
could be waivered, hence radiation dose reduced.

3.Image quality may be compromised in patients with high BMI values.

4. Unclear or inconsistent relationship between disease conditions and
measurements.

RER: relative enhancement ratios; SD: standard deviation of CT value; ASM: angular second moment; BF: blood flow; BV: blood volume; TEF:

total tumor extravascular flow; MTT: mean transit time; PS: capillary permeability surface area product; PBV: Pallak blood volume; TVV: total

tumor vascular volume; IRA: iodine-related attenuation; IU: iodine uptake; AEF: arterial enhancement fraction; TDA: three-dimensional

algorithm; AW: Advanced workstation; PACS: picture archiving and communication system; VNC: virtual non-contrast.

FEMERR R w5 1K 81.8% , AT A Bl T B I 8] B8 35 7 5K
W, B R TR Y.

2.1.4 HEFCTE RS CTHEE BURAE BB 5
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JeA 87 P AP N GO SRR A L TR AR TE A R IR T
J7 R T A — B i . Baxakh X il 98 £ 3 10 BLAE
WCTHIFE B, TEGE A4, I It e b S e 7%
I U 48 ) T BB 4 B S AT, T A A % i 2 00 T
B T Rt 2 Rk BT g sl S A R W]
il e A i S0 IR i A A B AR KR F (vascular
endothelial growth factor, VEGF ) % UIAH K7, i
LG8 2 il 6 kb iR JEPET /CT PRk B 4%, Hi
R THAR G 3 D 4 5 d5e K ME AL S5 B ( maximum
standardized uptake value, SUV__ ) FA7E R AR,
RETCTER 1 HA —ERRE R INREL RAF LSS, R
PR, KA 2 AR, SRR W R IA T T RO AL
X S ARG AT PRBE A U R, TR VAN MR IR T
7 RS TRAT 53 82 R R 1 AN

2.2 MRI MRUHA RS EEFEETR . 27508
B, B MRAR BRI s & Ji& , H A il 68
W o RO A S 5 T R AR BOK B2 B B
R, JE T TR EBOIIAS A5 I 2l 285 48 5 B AGORE It 9o 7 45
VAL AT 23 I REAK Y.

2.2.1 EHEMWIEMREGZ (dynamic contrast-enhanced
MRI, DCE-MRI ) FE it Z 8 i JiK 7 S5 000 2 A1 o HE 79
&, RATUMAUSAR , XT3 52 500 /Y vk B2 A2 Ak i 1738
BT, TE U SR At 2, s A )
R, ARAG S B N R PR IR S I E SR, T
G FRAGIE(E . R R | R RSB RER
REHEEEE (volume transfer constant, K= ) | 3
R B (rate constant, Kep) I 40 4 i A A B 25 AL
(Ve) 55, ZUWIHEIEIEB] F 3R 2 80T 1 S PR AG b
CALFERE ) ORI y7 R iR bR, — TR AL
SUE I R % BE, DCE-MRAE & 2 50H T PEAG i
B R B IR B AT — W REC? . de Langen &0
F# T CT. PET/CTHIDCE-MRINIMINSCLCYF & 1954
g, RGP E R EZEILTCT,

2.2.2 PREUNMAMR 4 (diffusion-weighted MRI,
DWI-MRI) & &S5 DWI-MRUE FI K 5 F i B
B R, LR MWK AL R 4L (apparent diffusion
coefficient, ADC ) & it /M1 /K 43 F IR B2 BR B FE 2
M AR R L L 7R 8O R DX B K 43 R EICER
Bl o WA g DR K 2y FIE s 2 B, ADCIE L
fit, ZEDWIK& E# B A B EES . ML T
DCE-MRI, DWI-MRIZEflifE a0 8 )z, Wk
3] it P8 e Sy B S LR I R A8 L R i 2

REVPAL . 10T BORVEA S U 70000 55 4% J7 T B+3s), 78
Yabuuchi%F BRI S, 28BINSCLCE & TS AT S
1bI7 5 35 -4 4T DWI-MRI, k7 i 51657 )5 6-847 g
TRCTH A 45 R o, K AD CIEAZ A [m] I He /N Fe A
S5 R R PR TT W AD CHYZZ AR B 5 i 28 I 1) IR 4
PR AHSG, JF HADCIE Ry 102 L7 I B 25 1Y
KA, XuFE5 T T 192 BINSCLC /B W] A6 Ak T7 v
ALY JF DWI-MRIEI R H AD CIH 5 2R (1L
[ & BLIG YT o 556 7 5 AD CE AR Ak 56 5 il 1R 4 2%
W OEA S, HE A U5 I DWI-MRI 7
HOTAERE I IL T PET/CTE, X LeWF 5 MK W1 ADC
SE T 2 BT A R Il e e R 77 80 S A - 0
I RE A S A8, A BTl IR B AR e i & B 2
AER R, PET RIS R . HEADCIE S % b
B, Fok. Wz sh . DkiissE 2R R, @
R AD CIERE VT AR E Ve . FRifEfL S R, KRR AN
M Tz s P /BOmAU A% (intravoxel incoherent motion
diffusion weighted imaging, IVIM-DWI ) Wiz,
PAAD CEL A JEAly, 5 20 20K 73 797 15 L it 9 7 43
25, JEMARRIMSECR IR, BEE B B S S i i g
XGRS RIS . AN, HES 8 (f, D) TE
S i 20 R S0 o 7 T R AT R Dol X T
SZ AR ST AR E ISR YT (stereotactic body radiation
therapy, SBRT ) WJilid 8%, a7 S 2 M ek 5
SRIBPERAS , eI, PR 5 R R R RO M
MM B, BIRBFSEAE R N IVIM-DWI T
Jits 98 77 2 I PE AL (R SBRTIAYT B ) 29E
TR . A SRR 4 B BT HUMASR AR K A R
Ik 5 FF %) (short-T1 inversion recovery, STIR ) T
I L &8 B A B RS B I AL AT — L, JLMER T
(669-889% ) 5, A7 %)™ i (41l AR I A 5%

2.3 Bt HURITERG IR N RTINS CLCE # 1 AR
WEVRIT O 38, A WFIEAE S5 TR VDB B 0 28 3 i R A
o kb RE i g AR 0 SR AR D MO AR T IS BT A
WA (B W) MILEBERME L AEE, &
SENEERENBEA S SE G AR (endoscopic
bronchial/ esophageal ultrasound-guided fine needle
aspiration, EBUS/EUS-ENA ) DL K< If PR 7 53 1 A%
B, HAME . I RED . TH 2B RM, &
WLERL 2 A% Z2 0 0, 2 5T e HIE S R
Jiin g8 T PP C AR E BT o ) B B A o
(183.1%-86.8% ) , HEATHEFEHIA N A Bl m Al 25 AR
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PET/CT T Jmy & W 0 i 98 28 5 ik Ak 07 5 0% =305 40
W1, R B AR O 1 A S AR IR T B E S H K
o HENGESE T —FE AR A, BHEEZE
B, ME DL S A 22 R A DAV R ST AOPE I Y
R 7 2K

2.4 PET/CT PET/CTHUEFI e SFIERAZH], Wi+
A )2 7KV PR B S s R ) R T KA, B
Jz N T REAE R S L IR A ST ROEA
Bif 17 W A A T T, — AR R H R TEAS R iR
IPIT R AR 2 e HE S

2.4.1 FRUEBEUE X TPET/CTHESF BEA, F Ay 1
., RZRES T HIRESUVIHAE LI IGI7 R
J& SUVARAL Z R 1 Jy I 7 R4 1) € f 46 bR . EORTCHR
WEHSUV, | FEMRE 43 #=25% ( PERCISTARIEPSUL
FEAR 53 %0230% ) AR R SEAR I QI 22 i 5 A5 b
WM, FEAGHME, suv,  /suv,  /SUL  JJIET
SR DX PN PR B — AR F A A1, AELR ST SR 1 S B
W, T I 2 T S EOR — 2 8 ME 1 b Sz B iz v
JP G BRI AR Ol s IbAl, SUVE Z A Z R %4
- PR ET R . PR E SRS B KT &
Hia s AW S ZFm R A5, {2
SRR, SEMSE G RN PE R, T
BOTAL AR 5 i — P R R R [0,

2.4.2 REBUE RS L FSUVINIEAFEE Z A
IR Z X e e A 0 A e, R TR AR
WS BN B VR B A, FES BRI E f4
il ( metabolic tumor volume, MTV ) T 34 e b 1 R
( total lesion glycolysis, TLG ) o ZUWFIR B4 UESAT
AR S BT Bt g 9 7 SRR A Hh ) R B T A su Y
ARl RTOGO23 S8 IRAF 5T 43 T T PET/CT & 5
B S 3 0 00 Bl e 8 3 U PR TR N EL, R BIMTV
R (overall survival, OS ) RS AST 5200 H %,
FMTVEH WS H 22, R RMERER, msuv,
G Jo R G — I X 2 8451 4 A7 W] A5 Ak 97 Y
NSCLCH#ATHIM 52, B35 7 BIAEIRYTHT . 697
AN EER L RITE IR AR, RT3
A2 PET/CTHI A, 45 R W/RIGIFHITLGAL 7500,
IBIF TR TLG R M 1 389% A & HLAT B K 1 ok g A
a1 (progression—free survival, PES ) . SatohZE 531Xt 88 4ilT
WINSCLCH# & 1 SBRT A TPET/CTH A, X L /rHriE it
ZHSUV,_ . MTV, TLGSO. TLG6OTEFU WAl
B, R LR EESHI5 TR EA (disease-free

survival, DFS ) 2% ; (H4ME K T3 cmhi, SUv,__
SR JCOE,  H 3 S IR AT e B A e o e P
. TR Z HISUV T BRI PR 4 0 e
B
2.4.3 JAEFDG R ARTE N 7 SO Ak b mg Nz B B
80N B 50 B P RTRR SR R e S MR Y A
ARAS LT PR A0 B AR R, X XA T ORI AL K
T 58 K A Ak B A i R R SC . g i s g
( '*F-fluorothymidine, 'F-FLT ) & % H A9 8 7 R
FACH AR, BE S WA M A G . A B
/R, 5UE-FDGAH HSE-FLTRE 5 7 W PE 36 97 SN o
Z R BT T Z A AR, B B R A A DK
( F-fluoromisonidazole, “F-FMISO ) , ] uk$ei
Zig Z AN, SR = S0IRBL . Eschmannfff5Y
R SR 9EE JUL P B R R i 0 AR L (R s AR R )
M R, WURHZE, & R ASIRE, KM
Z AR X, SR SRR e A0 B G A L I R A
A AT REMGE B E WS SRS AR A& . 1 TPF-FMISO
TR EENS , MR /75 5 AR, W R A, A
A% B0 TR S e s ] B AT B ( "8F-fluoroazomycin
arabinozide, SF-FAZA ) . WRZHEHIK (“Cu-
methylthiosemicarbazone, “Cu-ATSM ) FEZFIZH
BR, JohsCu-ATSM A HAT 8 A #Y A= 1) 2 23 A
ROFA IR 7 S b L R s SR AL, )T
AT &R = A AR (R ) b, HE R
155 i SE bR Z SRS IR G R, ST AN B
i, WP IRER

BN, e I R B0 iR T APE AL A BT R R
ARG TT I SOV AR, TR AR ST %
S BB hORS E AN AL IR YT . CT . MRIL EBUS/
EUS. PET/CTE it 2 $O0 T Jifi s 7 %0k & 5 i A
HEMRHEFEL, 5SRTEEFSHAMIL, DR
SE T 2 HCTE S W 988 1) A ) 2 e 5 TR AT AL, o
BNt A2 B R 7 2 1 R e 3R o (H 2 H B & A E
SR B TER R ARG 2, T bR AL 14 1
M7 AR, T —2 TAER LA B S
W, KZMEBrE R SBMEMES, 5 H
Wt , A 0B S ek 1L I e A R T I R S B v
FEH RN LA E BB SR E . B H
it B TR ok DL AR O RO 89 J0 BT ROTAG Y O
S, FRATAEAE KB 73 R AR 2 2% 10 R Jd A it 42
(35323
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