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Abstract: Objective To compare and validate the efficiency of four models predicting the malignancy of
solitary pulmonary nodules (SPN). Methods Patients diagnosed with SPN during health check-up were
selected as the research subjects. Risk assessment was conducted using four predictive models. Outcomes
were obtained through prospective follow-up. Statistical description and univariate analysis were performed
for all risk factors of the four models. ROC curve was applied to compare the efficiency of the four predictive
models. Results A total of 479 cases were included in this study. Among these patients, 82 were diagnosed
with lung tumor, and the malignant rate was 17.12%. Age, nodule diameter, smoking, family history of tumor,
history of extrapulmonary tumor =5 years, upper lobe site, unclear boundary, and spiculation rates were
higher in the malignancy group than those in the benign group (P<0.05). The efficiency of Brock model was
the best. Its AUC was 0.833, sensitivity was 80.49%, and specificity was 74.31%. Its Youden index, positive
likelihood ratio, positive predictive value, and negative predictive value were the highest, and its negative lik
elihood ratio was the lowest. The AUC, sensitivity, and specificity of Mayo model were 0.815, 81.71%, and
67.51%, respectively; those of PKUPH model were 0.754, 69.51%, and 73.55%, respectively; and those of
VA model were 0.738, 68.29%, and 67.55%, respectively. Conclusion The Brock model might be the most
appropriate predictive model for the risk assessment of SPN among the health check-up population, and the
VA model is the worst. The combination of Brock, Mayo, and PKUPH models requires further study.

Key words: Predictive models for lung cancer; SPN; Health check-up; ROC curve; Prospective study
Funding: Chonggqing Yuzhong District Research and Frontier Exploration Project (No. 20190110)
Competing interests: The authors declare that they have no competing interests.

W OE:. BE RTINS (SPN) #9Faml s, FiE A RARE P
H W SPN Y ke & A BF R 3T %, v FF A% TR AL AL 2 A 4 SPN# AT R +F 4, AT 96 ML 36 B2 1 5
SPN & & 9 16 AR 25 By o % v A Ml % TR AR A o a9 RO B & AT 43t 6 8 AR B & 547, 4 4HIROC
W BB, R ORAMNATIVISPNIRL F, 8246 8515 A Mk, BREEH
17.12%, BRm B F5dh SH AR, BB, BHMEEARE . BIMFRSFRA L, 42T Eot,
BRRF AR ) FH T R T4 (P<0.05) . BrockHE A FAM & 4k 5k 4F, AUC#40.833,
FE80.49%, #FETA31%, ARIE4. MEMAK, FaEFRMAE A ERMNER S, BRI
A&, Mayo#tRAUCH0.815, RAERL.71%, 47 /E67.51%; PKUPHEAAUCH0.754, RAE
69.51%, 45+ /£73.55%; VARAAUCHO0.738, RHAJE68.29%, 47 /E67.55%, 45 Brock#z A

S B AR e A BESPN R, e T 2L 48

YRS EH: 2022-10-14; fEEIEH: 2023-02-12 RAFRHF, VARBAMAERE,
EEWHE: €/ T7H EP RAHFRE WML ELRAE Brock, Mayo#=PKUPH = #F#£ A 49
(20190110 ) BRARRAAFE—TR,

{,E%-i{j' 401121 ﬁb"\ {f/}”\-’f"ARAEFJLfg)%%@EF’U =] . A ﬁf' 3 ) . >, 23
BEEE. B8 (1971.) . B, %L, /EEN FERIA R TR BEAL AR SEb A 4%

PP PV PRI ey 5 AR ROCHZ; WTIEHLATA
E-mail: 530306381 @qq.com, ORCID: 0000-0002-1965-6793 HRESES: R7342

EZEEN: AEH (1990-) , &, #Mt, £BE FRRECEERE)
W, EBNFRM A R RATIR S R RS R, 130 (OSID):
ORCID: 0000-0001-6252-019X TS :




* 478 ¢ ADBBRG 381372023 F 25504555588 Cancer Res Prev Treat,2023,Vol.50,No.5

0 5|15

P [ il 10 22 9 R AN BE T R M0 F o A
i 2zt 58 BB O A K08 (NLST ) 5%
P HRFIEIZHECT (LDCT ) A1 EL Mo &8 X A Al LA
FEAR20% it SE T2, i % LDC T s 17 i o
M IZ N, IBZS K R R A T s
WA R - RS A il 45 95 AR s 3 ] 3k
20.65%~26.8%Y, S PEZE T ( solitary pulmo-
nary nodules, SPN ) B H Ay fii 98 7 10 fc i DL 14y 52
BopiE g, (Al RE A5 IR . AR . R IR
T AR S RS, AHOCHIESRY BN SPNHY
AR R 10%~20%", R HME R S8h s
FRIE . AERYRE AR EE L 2 I o A S e b
FHREARGER RS, Hik, Fiie R if & SPNEE
EIAH G E KHRAR .

JIts P DRI TS 2R ] S e PP M 2 5 ) R
WESR, R L T A R . B ST
SN, T AU TR A 274 | (B 2R R
BT ANRIRIE, AR SN R M. T
SPN XU A 8 25 ML i TSRS, qiMayofsE iy |
VARRL JE KBRS (PKUPH ) | Brockf 4 45 fiiil]
BORAEZ A INBAREPIR 8] T 505k, H2 LR
PR 91 %6 BEAHE 58 R =, AR R ARG, A B i A A
SRR, AR ESie A e — e 1, A
5T LA e A AREVE I IF 50T 4, 1FM Mayo
VA PKUPH K Brock U™ i T IS 7 Xo) ft e (A A
NFEHSPNIYFIIIALRE , il AR A TESPN XU
TEAL S e A PR S5 KA

1 #ER5HE
1.1 WF5RXI4

Y9 A20184F6 1 —20194E6 H 2K F I HECT
WAL Wt g i 235715 B 479151 32 46 A R F Xt 42
PAbRIE: (1) BigE W EAN (4~30) mm;
(2) PR PERGSS T s (3) ABESHERE
P, BESmEEREAE; (4) BERETEIGZS T
gh)me HEBRPRUME: (1) AFE IR B
(2) BB AESIREs 1y s (3) SN BB
Hi (4) 5B ER R UTEES R O e . A
FEAFRN T PO AN RSB fe HI 2 5t 2L
1.2 CTHZ%

K RERECTABM M AR, R 2 H K
&, BHHECRA120~140 KVp; A HLTE<50 mAs,
MRS RSN <2 mSv. FHE RGBT
FEdE, FHEZEN (0.625~1.25) mm, Ay

AT TS HLE BAS I S 25850 br, U2 A
20%~30%H S W2 RS T e E g, R
i K% FEH ( maximum intensify projection,
MIP ) FEat, Z5GMZs 17 N TR Rz Wb o
1.3 il RS Pl A 76

19974 Mayo i B | 8 AR Y=eY/
(1+e*) , X=-6.8272+ (0.0391x4F% ) +
(0.7917x1& 00 ) + ( 1.3388xJMuEg sl ) + (0.1274x
HAZE) + (1.0407<FHil ) + (0.7838x [-I)

20054 R (VAR ) M0 A
Y=¢/ (1+¢*) , X=-8.404+ (2.061xWZ4H5H ) +
(0.779x4E#/10) + (0.112x 42 ) — (0.567xT
WHAEE/10)

201 AFEJb HU R # AR (PKUPHAR RS ) ) 3144
A Y=e (1+e¥) , X=-4.496+ (0.07=<4E#% ) +
(1267 EVEMRER G ) + (0.676xEHAE) + (0.736%
EAfil) - (1L.615x51k) — (1.408xi ) .

20134EBrock B AU A Y=e¥/
(1+e*) , X=-6.7892+ (0.0287 x4 ) +
(0.6011xHER ) + (0.2961 xJilifgE F W H ) +
(0.2953xfili“ i ) — (5.3854xE4%) — (0.1276x
BEB BN ) /+ (0.3770xIEA ) + (0.6581x |
M) = (0.0824xZ5 5% ) + (0.7729xEH1)
1.4 BV M 25 R

KRR . RAE S SET S PR B R S R R
4, BEVTE A A 34E K DL F o A Il i ) A
WE: I AMEETF R L il 2E ) HLS R T
Ho RULWHZWbaE: ZMigEfl . SMRFFRAR
SRS W R, s34 LA . S
INEIH R, HIRERE . TOBEMMBAE S .
FWGGAE IR s L TG e Bl L i o e g
PRI SH
1.5 Suil#rik

BB R FISPSS23.0%1 14 LATiZ5 5 45
Ja AR R, FRA IR T8 TR A B AR
W (ks ) PEATGETTHEIR, ALIA] LR A ST A
AR AR ES ORI A M (Pos, Prs)
HATE A, E L ECR FHAES UG 2k
A i ATRCRIAR B U EA T STl 4l i) Fh AR
P Wi o Fisher K B A6 o JRURG: T 4SS 700 ) b 5
W2 E TAERRE (ROC) it th4 i
H (AUC) |, B S AEMRT (e, I 3103 4% Tt 45
RIM RS . R RE . B85, FRTERISREL .
FRPEARLER LY L BEP: o000 (0 B PR S A 45 A 0
K #Ea=0.05



AYBBRG 3832023 F 5550452558 Cancer Res Prev Treat,2023,Vol.50,No.5

- 479 -

ZR
2.1 SAGERHE I RRFAE 43 BT

756Nl EE T R E A, BE BRI A4
13 141 Jili 235 745 F8 3 W HEBR 5 BRIHIC A& 45799 13 5.491) ik
S5 B HERR s 1125 R ek e B HERR . B
2, RGN AATIBIINST PERSE YT, HOEB AR
F17.12% HHRITER TS, EBYEME 4
PR . R (RS T ) | R R %
s RSN SR K DL B Ee ] ST EAR L A
B F bk BEARTE B B e T RS A
($1P<0.05) o M. W0 o A . K
MR BT R . S5 B R . LA Ak 2
SERGEE L, gL,

2.2 DU RS AR LS W (B S M

Mk Fiif (AUC ) . Brock/fi Al iz K
AUC=0.833, 95%CI: 0.782~0.883, ¥k JyMayorfi
R, VAR /N (P<0.001) , W2, K1,

R 540 Mayorf B R fe s, N
81.71%, HIKABrockfiiy, VAR R A ;
Brock i B4 F B f 155 74.31%, Hk HPKUPHAR
B, Mayorti RIKE S BE e 22 . 2984550 Brockfi
AR R 0.55, H O Mayorfi Y, VARIRY AR
FEPERISR FE S EAYERIZR L . Brock B BHPE ISR
i N3.13, HUCHPKUPHELHY , VAR AR
Brock#5 5 [HPEALSA e ik h0.26, H¥k HMayor
TR VAR f ey, FH A S0 5 P e ot ol

=1 FETNEE KGR R EERRST

z
2
n
7 — VA model
o241 — Brock model
' PKUPH model
— Mayor model
Reference line
0.0 T T

0.0 0.2 04 0.6 0.8 1.0
1-specificity

Bl miAhER AR AROCH £
Figure 1 ROC curve of four predictive model for SPN
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Table 1 Univariate analysis of risk factors of objects in four predictive models

Groups

Predictive factors Total (=479) Benign (n=397) Malignant (7=82) Statistics P
Age (years) 57.15+11.96 56.13+11.84 62.10£11.36 -4.184 <0.001
Female (1n(%)) 181(37.79) 144(36.27) 37(45.12) 2.264 0.132
Smoking (n(%)) 9.093 0.011

Never 219(45.72) 188(47.36) 31(37.80)

Smoke (including second-hand smoke) 144(30.06) 108(27.20) 36(43.91)

Quit smoke 116(24.22) 101(25.44) 15(18.29)

Quit time (year) 4.64+5.55 4.98+6.47 4.50+5.19 -0.319 0.750
Family lung cancer history (n(%)) 32(6.68) 23(5.79) 9(10.98) 2.928 0.087
Family cancer history (1(%)) 46(9.60) 33(6.64) 13(15.85) 4.452 0.035
Extrapulmonary tumor=5 years (n(%)) 11(2.21) 4(1.01) 7(8.54) Fisher 0.001
Emphysema (n(%)) 16(3.34) 11(2.77) 5(6.10) 2.330 0.127
Tumor diameter (mm) 8.24+5.47 7.13+4.34 13.62+7.01 -10.920 <0.001
Nodule density (n(%)) 1.567 0.457

Solid 194(40.51) 159(40.05) 35(42.68)

Non-solid 191(39.87) 156(39.30) 35(42.68)

Part-solid 94(19.62) 82(20.65) 12(14.64)

Location at upper lobe (1(%)) 236(50.11) 186(47.81) 50(60.98) 4.692 0.030
Unclear border (n(%)) 105(21.92) 69(17.38) 36(43.90) 27.932 <0.001
Spiculation (1(%)) 22(4.59) 11(2.77) 11(13.41) 17.571 <0.001
Calcification (n(%)) 15(3.13) 13(3.27) 2(2.44) Fisher 0.511

Note: Fisher: n<40 or theoretical frequency T<5.
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Table 2 Parameters of ROC curve of four predictive

models

Models AUC 95%CI SE /P
Mayor 0.815 0.765-0.865 0.026 <0.001
VA 0.738 0.673-0.803 0.033 <0.001
PKUPH 0.754 0.697-0.812 0.029 <0.001
Brock 0.833 0.782-0.883 0.026 <0.001

3 DOFhAHE AR L IS W R RE B R
Table 3 Efficiency of four models identifying malignancy
of SPN

Efficacy Mayor VA PKUPH Brock
Sensitivity (%) 81.71 68.29 69.51 80.49
Specificity (%) 67.51 67.55 73.55 74.31

Youden's index 0.49 0.36 0.43 0.55
PPV 2.51 2.12 2.63 3.13
NPV 0.27 0.47 0.41 0.26
+LR(%) 34.18 30.43 35.19 39.29
-LR(%) 94.70 91.19 92.11 94.86

Notes: PPV: positive predictive value; NPV: negative predictive value;

+LR: positive likelihood ratio; —LR: negative likelihood ratio.
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