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Develop and Validate a Preoperative Clinical
& % Radiological Nomogram Based on Intratumoral
and Peritumoral CT Radiomics to Predict
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2. BEAER AR INEER(GLHIREX Objective To develop a backpropagation neural network (BPNN) deep learning model based on the focal
g—AEEﬁ)Mﬂ (I #5LL 528308) ar;d peritumoral imaging features of pulrgolnfary no:ules, arr:d cc;:nbine CTf imlaging featu:’jlesI and ﬂ(i;::l
information to construct a nomogram model for predicting the infiltration of pulmonary nodules. Me s
3. AL ENAFINEERI R S 242 cases of GGN were retrospectively collected and divided into glandular prodromal disease (AAH/AIS)
(ﬁmﬁmng_kﬁﬁﬁmﬁww and invasive lung adenocarcinoma (MIA/IAC). The imaging signs and clinical features of the two groups
Eﬁ)ﬁkﬁ T (77 #1l 528313) were compared. Lung nodules and peritumoral target areas were characterized from lung CT images, and
the image omics features were screened through single-factor rank sum test and correlation analysis. The
[fEE)] BW ETFMESEEREEEG&ASH  back propagation neural network deep learning algorithm was used to construct a prediction model, and
EF & RAEREHBZLE(BPNN)REF SJEHY, the predictive performance of the model was evaluated by area under receiver Operating characteristic
ZEECTHRPEBTINIGKRER, WEBTFNUAE (ROC) curve (AUC), and the model was generalized to verify in external validation cohort. Results The
TREENTIEEIRE, FE& LFMEKRESLFAR  AUC of BPNN model in training cohort, internal validation cohort and external validation cohort were
PIkRE92426IGGNEE, 73 NERAERIIRFE(AAH/  0.883(95%C1:0.830-0.929), 0.854(95%Cl:0.786-0.909) and 0.854(95%Cl:0.786-0.909),respectively. Univariate
AIS) RIS MERBREE (MIA/IAC), LEIFBABERA  and multivariate analysis showed that crescent sign, CT value and GGN length diameter were independent
ER. IGRFIERIERE. MFESCTEIRAEM  risk factors for predicting pulmonary nodule invasion (P<0.05). The AUC of the constructed clinical model in
ZVREBEALX, BEBRRRMIGHRRAEXED training cohort, internal validation cohort and external validation cohort were 0.889(95%Cl: 0.835-0.934),
i, WRABFRHEHETIHE, RARACERE o 778(95%C1:0.668-0.879) and 0.901(95%C1:0.856-0.940), respectively. Combined with the BPNN model
}W%;@E?Q%‘,ﬁm%ﬁ;wﬂ\ﬁﬂ, L:A%Ft%i{’ﬁﬁ and the clinical model, the AUC of the model in training cohort, internal validation cohort and external
E(ROC)HA 2% FER(AUC)RAERBIMERE, % \gligation cohort were 0.952(95%C1:0.920-0.977), 0.891(95%CH:0.807-0.959) and 0.939(95%C10.899-0.968),
gi%g?ﬁ%ﬁ%ﬁ% ﬁi‘&%‘lﬂg%ﬁ E?Jiﬁ,gﬁ respectively. Compared with the other two models, the combined model demonstrated a stronger model
o o R 3 = - . performance in evaluating pulmonary nodule pathologic infiltration. Conclusion The nomogram model
51790.883(95%CI: 0.830-0.929). 0.854(95%Cl: . . L . . L - T .
0.786-0.909)F10.854(95%CI: 0.786-0.909), i based on tumor fOFI .and peritumoral radiomic features combined with cl|n|c§l-rad|olog|ca| |nf9rmat|9n
HBEERSEES AL FE. CTE. GONK showed good pred!ctlve perforrrpnce, and the cor.nFJmec_I mod_el was well validated by generalization in
BTGS20 B T /5 K 2 (P<0.05), external cohort, which could provide reference_for clinical diagnosis and .trea.tment of pulmo.nary nodules.
B I M B S BR A B 7531 45 4B T B8 ST 4R F Y AU C43 ) Keywords: Pulmonary Nodule; Back Propagation Neural Network; Radiomics; Deep Learning; Nomogram
790.889(95%CI: 0.835-0.934). 0.778(95%Cl: = N . . e L (1] i e A ST "
0.668-0.879)#10.901(95%Cl: 0.856-0.940), % HFRFECTHMZE R, BRESHNMETREY T, EEiEidiasd, s
SBPNNERT RRERHREAEEY, BUE FREETIYN33%, MNDINFHLETHRE1L4%RZE R 2021FEWHOR
IIFAMBIEATEIAUCS B1790.952 (95%C1:  FiES 43 AR A BT IR TR MM ERA AL, X—BMO LN FRRISH. A

0920 0.977). 0.891(95%C): D50T 0959  ARuEFENAETENAAEERSEY, AHFREMBPERENETERKTNA
e I FRE, Eit, RIHERIBETDIEAEEBEN,

R, 436 TR ARG S R - B CTEGIT S TRRIEERAEA T, RACTZENESFREED
RS E B MENGIEERE, RIMHBRFOTN  HHE. ERE. RRENTES)ERANESMERENE, FHTNRET REMEH RN
tef, BEBRUENBUSITEIRELTUME  IGRT RN B G RIGREE A" LS ABETRARIANMERINE, M

i, PIRBISARX AT RS TR WIRRENE T WIS, AERN, SRARTINRNERRESMHNS, XERR
U ——— SRR T KRBT,

e MBS SR THEMENERE DA THELN, HE5TRENTIHRE,

{leaiss)) b REF S (deep learning, DL)REN SEMEMLRE IMMIBHIE, SEBHEBNIHEN
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EIEAR, KASIGARBNNRHRRITE, CmmEE5E2018
F18-2023F 18205014 2E, BH6361, 142641, F
HENS56.2+12.33%,
1.2 Bf&RE RREREGREXREMACTHBN, 2308
Siemens Smoatom Definition AS 64#Ef1Siemens Smoatom
Definition Flash 64HZ RBIECTHEN . HABUMEML,
BRARRSERESET2MAE., AECECE2M
RAmMKeE, AFS4: E8E 100120KV, BhEBRMR,
FOV 400400mm, #830.81.0, #£H0.6X128, EEEE
0.6mmlmms,
1.3 BRI RESAF RN BRI AE2RRTRIE
BEMENHITREERF, FICRMETNRETEEFE, 0K
N CTE, TAE. ©8Z8EE. BFE. BRHBR. oM
E. ERE. MMESFITA. WEERE, S9N, BE=
A EESRIRMEGIZHEM#ITHAE, WA ER
BECTEFABRGKLDICOMBNENRE Y, HFHARIL0
FRENEGIZHEMXBFEARNEEGR LZBOE RS
X (volume of interesting, VOI), HEVOIE, FRREBENE
JRIEIMT3mm (VO lsmm) B25mm(VOlsmm), A E N REREFIE
Mg, ]SE. OE. DEFXYE, FHAMARPyRadiomicsEtE
RS ME T GEFEH T,
14 FGAFBREHNR BEHAFIEERIEE T3 LA
DRNEEMALIIEALA, AT BRERNEGSTENRSERDN
i, BITTRENNEGARFEHRT T HEEIANTRE, B
%o, MARRERBRMRIEIARIFEERTEZ MW, P<0.05
PRAERTIRIE, HXK, WEGARFEFEITSpearmantBxitsn
M, BERIZ0.6EXATREHEHITRIFRAIE, BEEV0I0mm.
VOlsmmy VOlsmmfHIE, FIFARERZHMNQIXTAFFHEHITEE
S, LAP<0.05fRE# TR, HIEFGAFRE,
BANGIT T RMN “REEFHHREML (back propagation
neutral network, BPNN)” B AW EBZGAFRFMEHITIH
%, HIEBPNNREL, MURE: MR/ XNE(cross entropy
loss) AL LB R#HTT n BRERMETIRERIREMLE, BT
n=2400), JIZFIREBET “REEHE BEERIR, UEHMLILHE

ZITMEBE . MEELEH:13-LeakyReLU-Dropout(p=0.2)-12-
LeakyRelU-12-13, “HWAR-RER1-REE2-RERE3-HH
B>, F—BEREENER#HIT “BNRIE-LREE-DPKE” ,
FEREBENERHT LRIE , EZREEANFCE(2E
ERE), MZxTHa: 13-12-12-13-2, HEMKZ AR T: Lea
kyRelu=max (0, x) +max (0, Z) xmin (0, x) o LR: LeakyRelut®Z!;
DP: dropout(p=0.2), fEF2EERI20%E(EMNZEMK0, AL
TG, E1EBPNNEEER L,

1.5 ipRIERME RAEEZ ogisticARFEHBXMREE,
BXRAZARLogisticaTHEEEMIRK-RFFRER, FHiiE
IEPRIER (clinical model),

1.6 BRAREHRRR BT RALogisticRlAE %, BE
BHIRER- ST IR ST A SRR S, WRIRR-RETAFEE
E1E2 (combined model), FHFERROCHLITGIEE 4L,

1.7 it 9 HEANTEESHGEXRBFYELIEER
™ THERERERERT. FAZIRNE T EthE TER
(AUC), LARRERHRLL S #7 (DCA) R A B & ST 18 Y O R REFD
IRRNE. FIERITDIMIERRES (4.2.1) R 4#1T7, P<0.05
NEREBRITER N,

24 B

2.1 IGFRBHRELB RN IIGRA K IMNER I IE LR 44T B frh s
TEE, ARERBERKMEGESENELNR]L

22 RBARRERENHUBREGAFER RIVRBERME
SHVOIMEE. VOI3mm. VOISmmBXIFHEN T2017 1M E&
PN, 2 MEIANFAERE, ERBLIMNESREE
iE, WRET XIS FHITLASSORIIAD T, MHESTERS
F#, BREXUEDHALASSORH, BEFTIERRE, Hi8
BMET=AMXENEGAFERE(E2), B@EdHEmMEmE
BPNNIER!, MERFUMMEELRTH, BPNNERRMHTE
FHIMRE, 1EIISRAE. NEPIITAMIMPIITAPHAUCHFIRE
0.883(95%ClI, 0.830-0.929). 0.867(95%CI, 0.774-0.941)%0
0.854 (95%Cl, 0.786-0.909), FHItt, LUBPNNEEEHENRES
BAZ1ER (radiomic model) &2,

Rl ARERMBET EEELSKIER
Pl R EFEIE S ERGEIE
BRERIERE REEE P BRAERER SRR P BRARRRED RARERE P
(B3 169 61 108 26 47 205 68 137
1451 (%) kg 125(74.0) 43(70.5)  82(75.9) 0439 50(68.5) 17(654) 33(70.2) 0.671 142(69.3) 49(72.1)  93(67.9) 0.542
S 44260)  18(29.5) 26(24.1) 23(315) 9(346) 14(29.8) 63(30.7) 19(27.9) 44(32.1)
F#§(mean (SD)) 5453(11.21)  53.11(10.21) 5532(11.71) 022  52.58(11.37) 55.12(9.75) 51.17(12.05) 0157 56.21(12.33) 54.09(10.53) 57.27(13.04) 0.082

£42(median [IQR])

8.00 [6.00, 11.00] 7.00 [5.00, 8.00] 9.00 [7.00, 12.25] <0.001
8.00 [6.00, 10.00] 6.50 [6.00,8.00] 9.00 [7.00, 13.00] <0.001

[(BR{xEI IR /2 BRI/ P) I R 4E ]
[(BRRRIRIR L /2 BRI/ P) N BB IR IE]

10.00 [7.00, 15.00] 7.00 [6.00,9.00] 12.00[9.00,17.00] <0.001 [(AR{AHIIEARLE/ ZDAHARRE/P)IMERIIE]

HU (median [IQR]) -484.90 [-588.60,-349.30] -588.80 [-650.30,-478.80] -417.90 [-539.78,-264.22] <0.001 [(BARTIERZ: /S RRRE/P)3l454A]
-525.70 [-667.20,-377.20] -613.80 [-708.28,-499.32] -480.00 [-593.75,-292.85] 0.003 [(BR{ABIIRALS i AHAR R/ P) PRI E]
-458.90 [-590.80,-234.20] -580.40 [-643.70,-477.70] -351.60 [-540.70,-130.30] <0.001 [(R{AATIR s /52 MRS R/P) 2RI ]
A (%) St 13(7.7)  0(0.0)  13(12.0) <0.001 3(4.1) 0(0.0) 3(6.4) 0.023  16(7.8) 1(1.5)  15(10.9) <0.001
RAERTE61(36.1) 13(21.3) 48(44.4) 29(39.7) 6(23.1) 23(48.9) 83(40.5) 16(23.5) 67(48.9)
SIEEIGTE  95(56.2) 48(78.7) 47(43.5) 41(56.2) 20(76.9) 21(44.7) 106(51.7) 51(75.0) 55(40.1)
118 (%) AFFM 21(124) 6(9.8)  15(13.9) 0.822  7(9.6) 1(3.8) 6(12.8) 0.667  25(12.2) 6(8.8)  19(13.9) 0.297
EFEM  44(26.0) 17(27.9) 27(25.0) 16(21.9) 7(26.9) 9(19.1) 58(28.3) 21(30.9) 37(27.0)
BT 28(16.6) 10(16.4) 18(16.7) 2027.4) 6(23.1) 14(29.8) 34(16.6) 7(10.3) 27(19.7)
AN 12(7.1) 3(49) 9(8.3) 5(6.8) 2(7.7)  3(6.4) 17(8.3) 6(8.8)  11(8.0)
BREM  64(37.9) 25(41.0) 39(36.1) 25(34.2) 10(38.5) 15(31.9) 71(34.6) 28(41.2) 43(31.4)
EEXSEE%) T 152(89.9) 59(96.7) 93(86.1) 0.028  66(90.4) 25(96.2) 41(87.2) 0.41 155(75.6) 65(95.6) 90(65.7) <0.001
5 17(10.1) 2(3.3)  15(13.9) 7(9.6) 1(3.8)  6(12.8) 50(24.4) 3(4.4)  47(34.3)
B HE(%) x 123(72.8) 56(91.8) 67(62.0) <0.001  53(72.6) 23(88.5) 30(63.8) 0.024  170(82.9) 64(94.1) 106(77.4) 0.003
B 46(27.2) 5(82)  41(38.0) 20(27.4) 3(11.5) 17(36.2) 35(17.1) 4(5.9)  31(22.6)
ERHNR (%) x 42(24.9) 14(23.0) 28(25.9) 0.667  19(26.0) 9(34.6) 10(21.3) 0.214  47(22.9) 14(20.6) 33(24.1) 0.575
5 127 (75.1) 47 (77.0) 80 (74.1) 54 (74.0) 17 (65.4) 37 (78.7) 158 (77.1) 54 (79.4) 104 (75.9)
SYHAE (%) % 128(75.7) 60(98.4) 68(63.0) <0.001 56(76.7) 23(88.5) 33(70.2) 0.077  127(62.0) 61(89.7) 66(48.2) <0.001
5 41(24.3) 1(1.6)  40(37.0) 17(23.3) 3(11.5) 14(29.8) 78(38.0) 7(10.3) 71(51.8)
EHI1E (%) % 131(77.5) 61(100.0) 70(64.8) <0.001  63(86.3) 26(100.0) 37(78.7) 0.03 167(81.5) 68(100.0) 99(72.3) <0.001
5 38(22.5) 0(0.0)  38(35.2) 10(13.7) 0(0.0)  10(21.3) 38(18.5) 0(0.0)  38(27.7)
MMESTE%) & 27(16.0) 15(24.6) 12(11.1) 0.019  6(8.2)  4(154) 2(4.3) 0225  97(47.3) 15(22.1) 82(59.9) <0.001
5 142(84.0) 46(75.4) 96(88.9) 67(91.8) 22(84.6) 45(95.7) 108(52.7) 53(78.5) 55(40.1)
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MIRRERIE(%) &

5

128 (75.7)55 (90.2) 73 (67.6) <0.001
41(243) 6(9.8)  35(32.4)

60(82.2) 25(96.2) 35(74.5) 0.046
13(17.8)
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131 (63.9) 61 (89.7) 70 (51.1) <0.001

1(3.8)  12(25.5) 74(36.1) 7(10.3) 67(48.9)

2.3 BIUIGEKRERREETE HBRERZRERER ogisticH
oA, BFE. CTE. KEAMIIBERER(FERS), FIAlogistics
BABSE#TERESIIREREREE (clinical model), RIEROC
O, BEEINIGA. NIEIEAKRIMNBEIEARHACUDFIZ
0.889 (95%CI, 0.835-0.934). 0.778 (95%Cl, 0.668-0.879)#1
0.901 (95%CI, 0.856-0.940),

2.4 BUBASEB LMY £ABPNNEEMIGFEIERK
&, FALogisticH/AMERIGK-METHF KSR (combined
model) 7EIIZRA. WEBIEIELAMIMNEBIIEE FRE FIAUCSH 31
790.952 (95%Cl, 0.920-0.977). 0.891 (95%ClI, 0.807-0.959)

#00.939 (95%CI, 0.899-0.968)(E2A. B), XZFEACombined
mode 1% 8 FUM fi 45 75 AR I 2 8 1 tbradiomic model.
rlinical model R FFHVIZHIREE (B3, #F4)o

2.5 FIEEIEE. BAERFIR AT FA—MiGK LERNA
ERFUNME TR, BINWET —NMak-RFAET%
El(Bl4A), R (E4B) A B FTNBMES LI EXRR
i, REHMLDCA(BAC) B F BT i EARRMERRE TR #UE
RIFE=ZANFTONER KA, EREFEFRABRERET, J&
BRI T e MIRK 2 NG, XRPIILEZTUNME TR
BRI RIRK IR,

82 HBAFERMEI N

gl AUC (95% ClI) HEHE RBE [RE

WHA it 0.795(0.720-0.859) 0722 0694 0.7

@E3mm 0.827(0.754-0.892) 0.787 0.843  0.689

@A5SMm 0.806(0.739-0.872) 0746 0.769  0.705

BPNN  0.883(0.830-0.929) 0.74 0.602  0.984

o ® @ PEMEERE 066705470812 0685 066 0731
BWA3mm 0696 (0.573-0.825) 0.63  0.638 0.615

et kb -

o B0 LM E . BSi AR 20 SO r RS, ARLS ASmm 0718 (0.5010836) 063 086 0877

24008, HAZLIKSK, & B BA RS iR, EPAAMR BPNN 0.867(0.774-0.941)  0.699 0.532 1
B RAUGE, RARDSUELLNELE TURRNARIM. SNESWIEA M 0.501(0.405-0.589) 0.429 0372 0.544
- B 40 4 22 4T 5K R T B A A A R -

54 DB e b o @A3mm 0500 (0.410-0.582) 0439 0372 0574
FILASSOR & S 4 0 R 00 B 2 T O, Sy @AESMM 0.535 (0.444-0.615) 0493 0438  0.603
s R, hle ) FOVSHA B, R BPNN  0.854(0.786-0.909) 0571 0401 0912

&3 BARRSEXLogisticEIFH TR
EE Uni_OR _ Uni_95%Cl Uni_P  MulOR Mul_95%C| Mul_P
1 1018 (0.99~1.048) 0219 NA NA NA
131 0757 (0.375-1.548) 0.4 NA NA NA
SSFSEE 4758 (1281~30.885) 0043 0224  (0.01-5222) 0325
HU 1008 (1.005-1.011) <0001 1007  (L002~1.013) 0.007
3 Tin: 101E+08 (0~9.13887371180277e+152) 0986  NA NA NA
AFE 6854  (2.751~20.879) <0001 11116  (2.521~70.294) 0.004
SRABRIBLT 0 (NA~3.81599155686057e+21)  0.988  NA NA NA
WERBET 0 (NA~3.81599155686057e+21)  0.987  NA NA NA
SHIE 35294 (7.314~635.493) 0001 8051  (0.8-232.002) 0.128
Kz 1357 (1.2~1.568) <0001 1284  (LO7~1599)  0.013
MOBFTE 2238 (0.989-5.144) 0054  NA NA NA
BESRE 3514 (1.545-9.118) 0005 1068  (0.213~4.675) 0932
R 0635  (0.195~1.901) 0429  NA NA NA
B 072 (0.195~1.901) 0598  NA NA NA
et 1.2 (0.195~1.901) 0825  NA NA NA
ALt 0624 (0.195-1.901) 0388  NA NA NA
] 0851  (0.399~1755) 0667  NA NA NA
ST 1509 (0.683~4.077) 0297  NA NA NA
o ) ) ® ® ®

BI3A-E3C ISRl AWHIEL KA IE A AIROCH Z; 3A: I KABAROCH %; 3B: WHIEAMAROCHL; 3C SMIIIEABEAROCH 4.

B4A-BIAC 5 K- BAL L Bk Sradscorety 7| & E UL RS W K R L3R, 440 WG R-BBAE L Bk Sradscorety @ logistics BIAMBEAL, HF R A 5 & W4T 7 WAL,
4B: BB AR &, 4C: A ADCA, B & (None) (R AR MENT 7 FHAT B 45 T i M IT BB I RO 3526 A 0 05 424 %% Fclinical
mode | F4 AT JiF 45 7 33 08 M 37 6 B 8 I PR MK 28 8 R R R Ml radscoreiP & i 45 1 i M B & e G R MR 3. T8 & X &R Al combined mode 137 £ fifi 45 ¥
BB E Rz, (GE: Crescent sign F| F4E; Length ¥4%)
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R4 NGARBIFART M EETHR
yopit] AUC (95%Cl) EHE R®E BRE
IR radiomic model 0.883(0.830-0.929) 0.74 0.602 0.984
clinical model 0.889(0.835-0.934) 0.799  0.769 0.852
combined model 0.952(0.920-0.977) 0.876 0.843 0.934
RERIEIELE radiomic model 0.867 (0.774-0.941) 0.699 0.532 1
clinical model 0.778 (0.668-0.879) 0.712 0.638 0.846
combined model 0.891 (0.807-0.959) 0.795  0.702 0.962
HMERIEIFZE radiomic model  0.854 (0.786-0.909) 0.571  0.401 0.912
clinical model 0.901 (0.856-0.940) 0.844  0.861 0.809
combined model 0.939(0.899-0.968) 0.829 0.788 0.912

33t i

EXTLZHOMRT, BIFBRESSIERBIHBIET
—ANGIZEIER, LURRIARBIMS TR E, JIGERIEE
SEE T RSTES R RIGR-HET2EE, ERE0IEAKRIBR
AR EE TRGHIIT, EEREMERE, JILRSTN
G BRI A S ISR AT RS S TR,

FLE, MR IEEELEAKERNEYITSY S &
BETIZNA, HEEAELEEBRNMEE, EHEEE
FERNEER/NETIZETIER E 7 (LASSO) AIREM 2R,
LASSOE = EAMAETNEE, Al MIE R/ I E H TSI %
B, YSHTEBEREIENE, FALASSOESEEMRE, L
BN EE TR, BIGHE—FERYSIEE, Tt
BENERERTREANET. FELSIEINEESIN— 5
WS, FEMERRTN S B EREARE, HRFES
HEIADIFEE AR HEY, BPNNE—FETHEmMERI,
BRIEE ) BN SEMENEN R EEEHTIIENES,
EREEM. BEFY. FEERYT. ARARUNEBNES
. BRI ZNATFRESLINE, BFRARGIAG. ES
G, BABESRESEZAMNERIRFINE, TRIERIESHH
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