* 660 - [ g 2 k202 14F 9 H 24 5 oY) Chin J Lung Cancer, September 2021, Vol.

24, No.9

DOI: 10.3779/j.issn.1009-3419.2021.102.29

NI i 8 o AR TR R T AR B
R 5T it R L Il PR oz AR

IRgE B LR

22N

[ 18Z ] BEE A PUNZ4TH ( computed tomography, CT ) (3% &, IRS7PEMIZES5 ( solitary pulmonary nodule,
SPN ) AW bt o Fiat iy RGP X I 45 ISR R O B 2 AE R B A R E BT &
X LEETEL T B I R A AR S AT A A A5 1 e . TAER, Bh 1o M A T AR 200 A ] P 52 3 | /B
TEo ASCRETIES 1 R R IR TY , 55O AL T ] AR AR B R A T eI, £t 1o ek
HEAS UMK A RIS SR AR R R 60, AR BI AR A it AR B

[ SEB2IR) ] BB, WHESTT 5 i

Advances and Clinical Application of Malignant Probability Prediction Models for

Solitary Pulmonary Nodule
Zhaojue WANG, Jing ZHAO, Mengzhao WANG

Department of Respiratory and Critical Care Medicine, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences
and Peking Union Medical College, Beijing 100730, China
Corresponding author: Jing ZHAO, E-mail: pumchzj@sina.com;
Mengzhao WANG, E-mail: mengzhaowang@sina.com

[ Abstract ] With the popularization of computed tomography (CT) examinations, the incidence of solitary pul-
monary nodules (SPNs) has increased significantly. The assessment of benign and malignant pulmonary nodules is crucial to
the diagnosis and treatment of lung nodules. Many models for predicting the malignant probability of lung nodules have been
developed. These models assess the malignant probability of lung nodules based on the clinical and imaging characteristics of
patients. In recent years, malignant probability prediction models have gradually attracted attention in China. Based on the re-
searches on the malignant probability prediction model of pulmonary nodule, focusing on the establishment or verification of
the model in the Chinese patient population, this paper reviews the research progress and clinical application of the malignant
probability prediction model of pulmonary nodule, and proposes ideas for the future development.
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fit, FEFBE AR TAR, JErTHE SIS 2 A, ARl
Fo RS AT 3 e A2 i TR NZR (receiver operating
characteristic curve, ROC curve) FOEZR T 1R X (area under
curve, AUC) i &, # /R MAUCTK m %R B A B s i X
G380 o AL TRUIN F) o {51) 5k UL %€ 21 1) 091 80 B 1) L
(B, BREZUT 1.0, VAR RSB, K TR T Lo 23 ) 3%
AR s Ak P bR XU o DR SR 23 BT ik (decision
curve analysis) AU | YER AW R 1935 2 RIS 18 KTy
IRV, 25 AR AT E AN ] IR AL 8 (e R AR 4, T 4F
RARLZE I TR i PR B A 0 45 5 MR R
13539l AR ROCHIZ T AR K sl s th 2k,
VL IHCHE 11 PR 12 A S -5 485 R T e Ao el T AR AR 22
S, s R AR AR )2 B, ATREANINTE TR
BRI AR ERf R, DL, BTG S T AR BRI,
A RAEREA . Zrfuls . SR IES 5 A A
Yk

HRT, JCTMlEs 1Bt s R g i 5 R 22, HL
FEISMIFIEIEZ o AN SCHUZR IR AN HIR 2 5 RS 1
DAY, U R TR AR A P 7 B I O il 2
A PO ASE R K2 e R L AR, I8 Aok e Ji R Ay g
9,
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2.1 EAPEIAA HBLEIAY (Mayo model) MWZHE—4
FHFPPAG S 7 % A S i TOI A AR, Pl g L P 2 v 1Y
Swensengﬁfm?’f:1997@5%:]:%[7—‘]%%Lagistic@”ﬂﬁ*ﬁﬁ?{@
3.0 Swensen EU[AIFIMEN A T19844F1 H1H-198645H1H
i % B4 mm-30 mm PRSP AZE T A 629 B 3, HEBR T
ST A P g s . R i g s L S R R
PASTHTHIRIZRALTE : O LRFAE: AR M L W s
TRCHRESS ] | g &1 1 J g <, A A 2 i sl DR T P ) Bk
it 5 k2 DA K% B 4 i s 5 5 (2% B85 1 i R 0 R i
CTHHE: i E . HAR, 250, SCRE RAUE. 5oL,
WA RIAE . AR A RERAES L . TRk, 55
T HABAG AR EE 1T | il P ZE P A Y | R R ks
AR S KN L MR . 22 Z2 IR Logisticlal 4 53 Hr
6T -, Mayoti B 5 B Ay : MR P=e/ (1 +
e*) , x=-6.827,2 +[0.039,Ix F#% (4F) 1+ (0.791,7x A 5 ) +
(1.338, 8 EME MR 1) +[0.127,4x 48 (mm) ]+ (1.040,7x
EH)) + (0.783,8x ) , 7E27 2 48 SIS AUC ST 3
0.8337110.801, Mayoi 2% 3] (LG UFAE ¥k FH T [A]

— > R e A e ) S A (65960 R, 23% 904
P, 129%T0IEME ) , HLLE LSS TR CT AR 2 F 3
fitllo £ FM AR, Mayo S BU 3 T4 )12 AAE & il 45 75 8
FAEAS W AP M 58 XU Ak o 12RE A S 2R 2 X
TR BRSNS B, S E0RER E n]
FE o BTG ETE PEOT ST, HA A BR AR DT ], T
PP A T, JUHR i S B R 22, 7T RE R
ARBIEHAERTE R, DI B A 12 WA,
EERFREWAS WA AR ZE 1Y, il st A s 45 75 45 B iy S
PERFFE A B . Herder 25 2I7E 20054 X May o R #E£ 7
ek, SRATHEIOESE D7k, A T IER R SR ALIZ
1214 (positron emission tomography computed tomography,
PET-CT) W&l 15 S By — A FU I 3R, 857 T Herder
BEAY , Herder B BULE ivEd FUR 350y 579 i 4 15 A8 & BA S| v
AUC/H 40.88, E@ﬁﬁﬁ?Mayo*ﬁﬂo
Brockfi 7! (Brock model) , W FR/EPanCantki Rl |
McWilliams B80S McWilliams %5 BI7E 201 34F-fifi FiliZ
JnEE RKF il K A 5% (Pan-Canadian Early Detection
of Lung Cancer Study) FEFEHEH T, JRRHIZ N 2R Logistic
N34T 75 125 0 WIFSFEEHERR T IO s . BEAE g s | 4
<SOZ BUAEME>75 % 1A%, A11,871001 (7,008 14571) A,
NEPERN1.4%, 455 HARN (4.3+3.7) mm, T BE AR
PREEROS bR, R s AR IR HeCT, oy
Brock#5# J7 i : x=- 6.614,4 + (0.646,7xTJ] ) -[5.553,7x
HAE (mm) ]+ (0.930,9xFEH ) + (0.600,9x L-it) o
R TEDLE FFAE H SR SEHLFY ( British Columbia Cancer
Agency ) HEAT T AMBIGUE, 35 UFHE IR & — IR R
(42/5,021=0.8% ) . “FHE/NT (3.7+2.5) mmfiE
K. Brock#B AI7E HoA I 4 L BG EAE AAUC K AR M i, 7
J1290.942410.970. BrockBRURERIA: WP A BH KA K
MRS, AFIRTES0%7-75 % 2 [, ToBRAE R s, LISAEIA
it 988 25 FE HE SR RS, Hhoid o C T R4 7 i i s £ 1)
JLRIREIA; @B BRI (<2%) , B4 -2 B/
(<0.5 cm) , FR4EITIAAS S U2, 19 1) BB A ARAE; ®
Brock A /& HATME— T HELAN R CTH A MBI, ik
F0 B T2 ARG It i 7 A 155 T 8 B 25 25 |, BrockA%
TR 38 TR S DR IH 8 235 15 S0 3 EA2 W s ) 2 P AR
FRIPA . Brock AN BAT B ) SEd: . RS o R i
5, IR BE RIS, 2 W, JCh T2 R el
WA AR i 220 MAMTEAETF, BrockfSi B MR
BUETE R A T 05 — B 58 M7 A9 RS JE AT, BrockAi
TSGR AR Th A DG 75 SRR WZ AR B2 3] X B Y 52 R 7R
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AN, BATET 1z H DA O A 7 7

B 2 ey A ARLE A IR LA ABL AR (VA
model ) ¥, H GouldZEMHE200745 38 BB (42 N\ 2 4%
B ( Department of Veterans Affairs, VA ) H R LAAR [R] 4811
TR . VABSTDIXZAE NS5 KA, 98% A,
T BT R N S 49% o AR TR PRl - E A W AR B L ARG L 45
AR RS, AUCE H0.78, VABERIDIX kM JECT
VER AR ZE LR, NRE S B Es TAATY, DeEaf s
o WAk, VAR R HAZ B TR CTE S iz
LTSS 15 s Wr R AL , Il 55 e Lot R b & s
3k, VARERITE HATIG R 5 SO KR,
2.2 [ENZBAIA i ITR B PRUPHAL IS, &
H RS 132 K iz S ik R AL, 2558 S\ T TR
2 NRIEBE 3710 28 FARYIBR (RS M il 238 775 /5 VR R 2
AR, ENERENS3.1%, BN Z R LogisticlH 427 .
P=e¢*/ (1+e*) , x=-4.496+ (0.070x4F#%) + (0.676xMgi R K
#2) +(0.736xEHIE) + (1.267x IR F 1 £ ) - (1.615x55
16) - (1.408x I FIERE ) o ZFAIE—NA 670 B T
K IFAEHAUCTE 40.888+0.054 . %W 58 A MERE NI T
[, [RIEE 25 5T 50 S SeAR A7 R, BR824 m i 45 19
BRI, 16 AT E R SR, B 5T 8 R I i
P AR AR AT AR IR CTIR SIS Wi > CT, XELA 2
AUTE FHBS B,

A 57— 0 N7 A 2 BB R S PUMC AL
Dong S 7E20134EHE 7, ANRATAAIR 5 . i AL 2 )

% 1 Mayo##2), VAIREL BrockiZZEFIPKUPHEE 7E E M A MR I IERR 53

B Sy v R 2 B B IR R B 1,67 9 491 T AR DI BR (19 91 S7
PERSS R, BN T77.2%, BRI 22 RN
%: AEWS IR TR (carcinoembryonic antigen, CEA) . %
MAEA197 BT (cytokeratin 19 fragment antigen 21-1,
CYFRA21-1) | WA Sz | RS 505 e L 25790 AR 25703 5t
M. TR AR, 54 BRIAE, BIBIAE TR
F [l — L B 36 E S R B AUCHE 0,935 110,917, PUMC
B 2 B SAET . OB BB, R CTRBLAN, ib4
TS TN Fe AF O R bR S ) [CE A | 28 TT A S M s Tt
e (neuron—specific enolase, NSE) . CYFRA21-1, ##Zs$1
Jii125 (carbohydrate antigen 125, CA125) . Wt 41 bt
JEi (squamous cell carcinoma antigen, SCC—Ag) M/Eﬁﬁ’*ﬁ
2; QIBHEART30 dHEaf T HITPCT RN 45 £ Of
BRI Ry T HABAS R, (K, 5 Brocki Al = HH] T
TEGH A A I3 A A S, PUMCHSE RS 3 T8
FIREPER S . C 258 MR bn i A £ | T im TR PR SR 1Y
SR, R RAEEE YRR MR DOk

2.3 ZMBRI SN IS UE LA BRI P R R AR Y
AT I SRR UE 19, Hi Mayof Y | VAR | BrockAi
B PRUPHAR Y 2 (5] A s 45 =57 5 P 3 00000 ASE 0 46, I AF
TP ERIEM RS, R LG, T —LeSME R UERF Y o 1X
BE A B E I AR AR (48.8%-86.5% ) I F RFIA
T AT U, 2R PR E A T PR VIBR S0, 405t
2 TS, 200 M s B2 BT O A5 R . R, BT X
MIFFE TR T HILIX, 2 AT S B TP R IX

Tab 1 External verification of Mayo model, VA model, Brock model and PKUPH model in China

Central location Malignant rate AUC
Mayo model VA model Brock model PKUPH model

Sichuan!”! 76.0% 0.705 0.646 0.575 0.675
Hubei® 78.4% 0.626 0.621 0.600 0.630
Guangdong® 60.0% 0.752 0.730 0.878 0.833
Beijing? 86.5% 0.739 0.715 0.709 0.755
Jiangsut™ 86.4% 0.597 0.538 0.430 0.623
Xi” an™ 48.8% 0.655 0.603 0.521
Zhejiang™! 67.2% 0.789 0.746

Chongging™ 68.0% 0.649 0.599

Guangdong!™ 81.2% 0.753 0.728 0.800
Shanghai™® 78.7% 0.701 0.729 0.773
Jiangsu!"”! 55.0% 0.764 0.715

Guangdong!'® 68.9% 0.685 0.646
Jiangxi™ 56.7% 0.745 0.825

AUC: area under the curve
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TE X S8 B 58 rh, 2% BB X T M 45 1 RO T Y
W e K TAEH L BABI TP i 2L fiE . Mayo i 7Y |
VAR | Brock#E B FIPK UPHAL L AUC I FR 43 51
0.597-0.789791 0.600-0.7287'7 0.430-0.878"11110.521-
0.83317 12151618090 BT AT 78 T & BA B (1 AUCTE

(0.88,0.78,0.94,0.89) 133,

A A AL, PRUPHAR A A Mayo 5 A2 WAL B4
Uifo Brockf AUNAE—Hi i 58 HAUC R TH A I A B,
H R IAEETT S T Brock 5 1 8 3 FH T34 I A
I AR REAAR o VAR EIERR AL, EZ R AT LIXERAE
FAg e R A T EM IR ST RE, RE
PRUPH Y g 37 4 3 P4 258 A T 19 ) PN R 5 A it I
Mayo B HE 37 B A B VR NI N JR B AR 22 SR
PKUPHA A FIMayo i BUTE [E P 3 1 SR e ik, 45
JETCH i 25 S zasieis ol pUMCHE B SN 56 UERL 2, i
IR RETE TPUMCHBIGA A T it A G IR A5 A5 CEA
CYFRA 21-WER TN R, Eif 2z kR

3 EARFLEHEMRE

FEl P BIF 5 3 5 L AR BB il 1 S M A R
ARG F20104F /2470 F120104F3K, AFFLLETEAC
(R BB FF & T LA e 2050) a5 2630 AL |
Pyt AR EE . PRSI BRT I CTAN, M bRk A
PET-CT 46 0 2 2 AT 5% o« K20 52475 [ s
P Bt | W H Logisticln A 7 iR ST AR, S AT A I IR
ek SARERI (BFRCTAE) , AT APET-CT
FILE A5 A AEX SERA D, BRASIIIF A — AR g
UESR, BITCAMNE S IR IY S 4

T A A — 1 B X ) 22 v P M 22515 M AR 3 A5 A
WFFEBY, FH Yang S BIYE20184F 7 42, ST N AR AL AT
N EAIN = O B (3 £ R M RN O P R (1 VA e L
FE S YangZF BV H LogisticlnlIA 75 14, {3936 f & 1
INERAE, E N7 T B R G RERHE . Il C TR b
PR AR, LR R Ry AR . R sl 25
. BRAE., PR B R BUKETA (Progastrin-releasing
peptide, ProGRP) . SCC-Ag. CYFRA21-1, CEA, H T IHLI0
T 90 15 0l 9 22 A i X, 2R TR EL A 7 T 4 45 X
BF MW BRI, AR RITE IR h R B R 4P 2
Wik fig (AUC=0.915,1) , 7ERUESEH, BIRIR 2 WiRE )T
SR (AUC=0.583,6) o PRI, A5 RS R B 75 7 42
FH, AT B Z AR R 53— T, AT, 7R

MENZHORBE S, TR HADBRIAY 5L .

AR Z LA LogisticlP1 )77 4 5 57 A4 OIS 20 BT 4\ )
M FN R R A TVFZ A 20194F, sREIEEEIXS TA5ET
PR B i e S VR P AR Y BEAT T —TTmeta 73 HT, 3
[FIJB 20104720184 1918 TS, ZHAR TR, ANHSARHIE
4R (AR L S0 s A IR s L R sl ) | A
FRAES AN AE i (BHIAE , 457 AR, 70, BUEEFE 157
B L MR MR AE | JE B A R BRME SR HUE (Maximum
standardized uptake value, SUVmax) | Ifil {5 #1778 &
(CYFRA21-1) A FHESPNEMEI SRR, AR
2R (B AL A ) I SPNGEPER BRI IR . (Hi%
metal) SCHRER 28 SRS K 5835, nTREAFETR AL YN, %
DR AR I T 2 DA 2 i AR o, X 87
AR AR A R, (HAE ) —SEE RO T B X LR
SR O I LS R i S RIS S A a7 W B
RZES, A [ T2 5 Sk TS R ) A [R] 45 2R 32 2R A
TREAIFAN S A (7o PRI, DA /DA S AR SRR Y |
3 PP A A T AS IR 1] REAT 7R BRI X

4 BITUNEREIRAPHSRAER

A PRI ASE NI DA = A A eI A R 2 T e A2
i AR RIS YRR 73— FRE o RN AT— TR 58 B LA Tk
BB A FIMay ot 7Y | BrockA 7 | iR {45 A\ HY IS K fili
SETRE . DHTEINA 12770183, SR N 74.7%, LIJw BE
PO EBE VTP AE A TT RN BB RS . R
BEARG LSS ATAG S A5 RAE, ATRERME AHIE .
AREE | R BE M B R EE A Mayo*ﬁiﬂ\ Brock
FAIFROCHIZL T HIFRTC 1 3% 2 5, (HAR(h 2 AR AL 1 2%
T = SRMMZ b . n iU BB AR DA L =AY
Pk S S A o AN RIS RE 22 43¢, (H B A A
IR T IRIREE AR

HHiT, ENIMRIGES 527018 s e o m R Bg 4
S FIGAEME R A2 45 B AR AR P25 s il
IREEAR, B I s GRS 2R CUNARRS | W s L 4575 &
e Je e IS ) BB E AT )R, IR — o
JE SR AR . BA ARV R R B A (40: 3 A
JEBEDT . 6N ERET ARSI TARIRYT
85) o G, BRI R 2R R R | LE
7 PR IR 1 BT, 2D 4E Sl R S A XS
BT IR R

W ISR AR IR R T, A R R Y
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I PR PR SR A DR 1A B3R A1 XU g 687 22 ] X LA
o M TR, 45 R el R I R 22 A mI e A 45
TR AR PR A IR R TR S B 27 45 FIRT
R HIER I UETE DL, 5 ik SR P AR 28 e ) IR PR B2
A= BT B (E

25 FE Mg B B2 P25 (American College of Chest
Physicians, ACCP) 20134 iz 17 i2iR TR rE07, 12 B 5H
BRRLRL | VARIRI AR 22RO, (H R BB A (R A< A
B TRBHEA:, R AR ARERE AL ST S A a5
EFR B2 PR AR, (HORAEFE BAALE PRI BE B [, £
TR i RIS AR PR R AR SEPER 22, H g T Y n] fig
RE il RS A4 AR A R

FEEZRLZEAFAEMZ% (National Comprehensive Cancer
Network, NCCN) 202 14 BB A4 1 e fig g v, Stk
LA TR AGE R ALALAF S 2227 T AT BA X T s IXUBS: &5 1937
fhE—ER 5y, e hZ A RHATAIL R e R R ARSI T
3MA S ARG ARV b 2 AT IR S ARG 7, X
Bl R F AR AT R =8 mm SIS | B & B
PR3 26 mm A ER M SEVESS 1Y | BEDTTCHE K215 mmAY sk
PESETT | BT A 2R AY>8 mm A SEPE S 1Y . $5 R [
SR 22 RHATBA I E A, SRR AR BRI 22 BHATA
AP

ST 2E 151216 AR BTl R B AR X 235 18 1 X
I T 22 S0 AR >8 mm SRS A oAb By . EAUR
H, BRI A —E BEIE F TR M IX ., R,
TCVE I A AR, Ik PR 2 A 17 4 PR S 5 SR

FeE 25 19290 L 2 3R (2018 fi0) oL s i 1 Al
(38 PR )R, e, SV b DX Ry 45 4% e e b DX, T4 4%
ORI T B, PR 2577 5 1 AR — A4S B A 32 9
NI R XA o R TR AR BAAR AL, FFE
WA F AR AT AT 2 PR R A e PSR,
MRAEASCEAS, SR EAE FE N 28— et Ay (R s >R
SEMCTREA) B D, T2 B0 ATy 5 H A A Y
AIRERERE il A A PR L G R IR B Yang 55
12018428 Z2 HUL WP ST E N7 AR RS, 5 b el v XU A
ko SRIN, IR TIAS By i R 280 T 22 AN R AIE

Fleischner A 2x VRIS Bk 22 2), L2 1 5 g o
FFARSE B RGP AR TSR

s ETATERERALEE T HR MR RN

BN T REREA T A2 15 B Ak T A 5 30 T L4k

W PERR CE e T o N TR RE T 2T P R SR 56 L5 5 0
%, —RAMPLEFAIHR, TR WE )
G VISR SR O 2R DB, I NCT A5
ROEME a8, Jk Bk RAG =TI B, IR
PRI THLER 7T, AT s AL R AHERf R4,
HRPPZ 2% (convolutional neural network, CNN) J& K&
= Y ef IR T P it 45 19 114 2 L

RPN TR REAE s 19 RO PE R R, AT
JUTTTHA

e, Mlas TR E bR ROEME 002, BT R
Logistic@Uﬂjﬁ?ﬁ%#%ﬁ‘:ﬁ?fuﬁ‘, PR G RO 2R S
B, ARBEA B R, Logistic@ﬂﬂjf‘]f{’lzjﬂéffi‘l“%&éé
BUHLAS 2 2 7 vk, AR LA 2= 2D SR P, (HIH SR
WETELEASE TV EICAS BRIk, MELLAE RAR AL MER 14 Y S
PESE R . HHTR BTN S AR B 2] 5 vk HReAS 432k
45

HK, 124 M1k, T T ML a7 ~) SR a2
REEA 2], Y RZEF TR I T G R AEAE Sy 00
P, AR BER S FIIALTS 27 Bk, ENA—I2EsE e,
BTN E P B T T TALAE Logisticln A7
IS PG GEIR 2% ) T 1 [Logistic[lIT ( Logistic regression,
LR) . A TAHZ M4 (artificial neural network, ANN) | k-4f
L5 (k-nearest neighbor, KNN) | S f¢[a] AL (support
vector machines, SVM) | i/l ZE#K (random forest, RF) ], LA
38891l B A5 R . CTRIUMIALHG IR bn s g B A
BORL, M TS FE A AR TR AL, 3 SR AR S IR
AR T RIS R T Mayof5i A, P SVMAS AU FILRAGE
RIR IS

I, PLAS 7 T SR A AR A [R) T2 Sl R
B R AL GE AR NIRRT D PR3 A A, DAL
AEASTE SR AU RAE 2555 S0 AT SIS W S, T
A BN 2 AR BT AR W A . N TR RE
PR B SR 2RO 8 T JI R S, AR AR AR
FHT AR RERN 2 K 2 5 1 AR 25 1 (9, 1A T fig
LN

BET N TR REDEAT 4 1 B A, T LA L
T OFBARHE RS FHIES TA TR R
BEFRHE, TR N TR RERBIE SR B A IER, BN
FIFTA TR RE IR SEAR A R AR P ] BRAR A RAAIE s @
KRR AR PRAE B IE R A AR BRI 5 I
HAMBEARAR,
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