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Abstract: Objective To investigate the importance of a nomogram model based on biomarkers and CT
signs in the prediction of the invasive risk of ground glass nodules. Methods A total of 322 patients with
ground glass nodule, including 240 and 82 patients in the model and verification groups, respectively, were
retrospectively analyzed. Independent risk factors for the invasive risk of ground glass nodules were screened
out after using single and multiple Logistic analysis. R software was used to construct the nomogram model,
and clinical decision curve analysis (DCA), receiver operating curve (ROC), and calibration curve were used
for internal and external verification of the model. Results In this study, the independent risk factors for
the invasive risk of ground glass nodules included systemic immune-inflammation index (SII), CYFRA21-1,
edge, vascular cluster sign, and nodular consolidation tumor ratio (CTR). The area under the ROC curve of
the constructed nomogram model had a value of 0.946, and that of the external validation group reached 0.932,
which suggests the good capability of the model in predicting the invasive risk of ground glass nodules. The
model was internally verified through drawing of calibration curves of Bootstrap 1000 automatic sampling.
The results showed that the consistency index between the model and actual curves reached 0.955, with a
small absolute error and good fit. The DCA curve revealed a good clinical practicability. In addition, nodule
margin, vascular cluster sign, and CTR were correlated with the grade of pathological subtype of invasive
adenocarcinoma. Conclusion A nomogram model based on biomarkers and CT signs has good value and
clinical practicability in the prediction of the invasive risk of ground glass nodules.

Key words: Ground glass nodules; Biomarkers; Nomogram model; CT signs; Pathological subtype; Invasive
adenocarcinoma of lung
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Table 1 Comparison of basic data between the model and

verified groups (n(%))

. Model group Verified grou
Variables (n=2§0) p (n=8§) Py P
Benign pulmonary 127 40 0.072 0.834
nodule
Ll}ng adenocar- 113 42 1.164 0.388
cinoma
Age (years) 57.18+12.14 55.43+8.65 4.271 0.711
Gender 0.836 0.661
Male 111(46.3) 48(57.8)
Female 129(53.7) 34(42.2)
Smoking history 2.255 0.074
Yes 141(58.9) 29(35.4)
No 99(41.1) 53(64.6)
CEA (ng/ml) 1.896 0.335
=5 129(53.8) 43(52.4)
>5 111(46.2) 39(47.6)
CYFRA21-1 2.898 0.511
(ng/ml)
<33 118(49.2) 42(51.2)
>33 122(50.8) 40(48.8)
CA125 (U/ml) 1.164 0.413
<35 108(45.0) 50(61.0)
>35 132(55.0) 32(39.0)
NLR 1.80+1.02 2.07+£0.98  0.549 0.366
PLR 161.92440.58 154.09+26.33 1.121 0.226
SII 440.19+75.38 473.22+70.66 2.741 0.277
Nodule diameter ~ 11.68+2.98  11.88+1.65 0.832 0.224
(mm)
CTR 1.903 0.309
<12 111(46.3) 44(53.0)
1/2-1 129(53.7)  38(47.0)
Margin 1.443 0.721
Clear 138(57.5) 40(48.8)
Unclear 102(42.5) 42(51.2)
Cavity sign 2.031 0.636
Yes 118(49.2) 52(63.4)
No 122(50.8) 30(36.6)
Vessel gather sign 3.001 0.095
Yes 112(46.7) 53(64.6)
No 128(53.3) 29(35.4)
Pleural depression 2.464 0.072
sign
Yes 121(50.4) 46(56.1)
No 119(49.6) 36(43.9)
Bronchial air sign 0.863 0.757
Yes 97(40.4) 43(52.4)
No 143(59.6) 39(47.6)

Notes: CTR: consolidation tumor ratio; NLR: neutrophil lymphocyte
ratio; PLR: platelet lymphocyte ratio; SII: systemic immune-

inflammatory index.
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Table 2 Comparison results of basic data of patients in the

model group (1(%))

Benign group Adenocarcinoma  »

Variables P

(n=127) group (n=113)

Age (years) 58.08+£11.95 56.28+12.33 8.233 (.548
Gender 2.344 0.117
Male 70(55.0) 41(36.3)

Female 57(45.0) 72(63.7)

Smoking history 5.201 0.324
Yes 88(69.3) 53(46.9)

No 39(30.7) 60(53.1)
CEA (ng/ml) 2.354 0.101
<5 97(76.4) 61(54.0)

>5 30(23.6) 52(46.0)
CYFRAZI-1 3.810 0.029
(ng/ml)

<33 109(85.8) 43(38.0)

>33 18(14.2) 70(62.0)
CA125 (U/ml) 1.175 0.431
<35 67(52.8) 63(55.8)

>35 60(47.2) 50(44.2)
NLR 1.82+0.94 1.77+1.09 0.435 0.119
PLR 109.384+44.88 214.45+36.27 0.047 0.045
SII 404.54+77.60 475.84+73.16 4.167 0.027
Nodule diameter ¢ 55,9 07 14.81+3.88  1.681 0.037
(mm)
CTR 1.226 0.002
<12 77(60.6) 34(30.1)

1/2-1 50(39.4) 79(69.9)
Edge 0.244 0.022
Clear 97(76.3) 41(36.3)

Unclear 30(23.7) 72(63.7)
Cavity sign 0.813 0.031
Yes 57(44.9) 61(54.0)

No 70(55.1) 52(46.0)
Vessel gather sign 2.379 0.026
Yes 37(29.1) 83(73.4)

No 90(71.9) 30(26.6)
Pl@ural depression 1619 0.034
sign

Yes 35(27.6) 86(76.1)

No 92(72.4) 27(23.9)
Bronchial air sign 2.761 0.802
Yes 47(38.2) 50(44.2)

No 80(61.8) 63(55.8)
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Table 3 Logistic multivariate regression analysis of
independent risk factors for GGN invasiveness

Factors OR 95%CI P

CYFRA21-1 2.604 1.746-3.852 0.029
PLR 0.571 0.452-0.565 0.674
SII 1.469 1.057-2.758 0.011
Nodule diameter 0.411 0.476-0.590 0.575
CTR 1.602 1.022-4.713 0.036
Edge 1.750 1.066-2.331 0.012
Cavity sign 1.840  0.752-0.886 0.144
Vessel gather sign 7.202  1.505-13.741 <0.001
Pleural depression sign ~ 2.370 0.963-1.035 0.323

Note: GGN: ground glass nodule.

=4 TACTHEITE 5 G FHFERIKE (n(%))
Table 4 Relevance of pathological subtypes and imaging
features of IAC (n(%))

. Gl G2 G3 )
Variables n=26)  (n=16) (n=22) X P
Nodule 10.25+ 15.38+ 17.76+
diameter (mm)  0.77 126 o015 0073 0.045
CTR 6.790 0.009

<12 21(80.8) 4(25.0)0 2(9.9)
1/2-1 5(19.2) 12(75.0) 20(90.1)
Edge 0.592 0.033
Clear 16(61.5)  2(12.5)  9(13.6)
Unclear 10(38.5) 14(87.5) 13(86.4)
Cavity sign 2.762 0.053
Yes 11(42.3) 8(50.0) 10(45.5)
No 15(57.7)  8(50.0) 12(54.5)
Vessel gather sign 9.359 <0.001
Yes 5(19.9) 15(93.8) 15(68.2)
No 21(80.1)  1(6.2)  7(31.)
el dEnrs- 1.104 0.406
ssion sign
Yes 13(50.0) 7(43.7) 10(45.5)
No 13(50.0) 9(56.3) 12(54.5)
Bronchial air sign 0.533 0.026
Yes 4(15.4) 10(62.5) 11(50.0)
No 22(84.6) 6(37.5) 11(50.0)

Note: IAC: invasive adenocarcinoma.
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Table 5 Logistic multivariate regression analysis of
independent risk factors for intermediate- and high-risk
IAC

Factors OR 95%CI P

Nodule diameter 0.080 0.846-1.277 0.594
CTR 3.039 2.909-8.003 0.013
Edge 1.974 1.656-3.303 0.003
Vessel gather sign 2.462 1.995-4.006 0.044
Bronchial air sign 0.709 2.264-3.110 0.620
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