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[ Abstract ] Background and objective Mathematical predictive model is an effective method for preliminarily iden-
tifying the malignant pulmonary nodules. As the epidemiological trend of lung cancer changes, the detection rate of ground-
glass-opacity (GGO) like early stage lung cancer is increasing rapidly, timely and proper clinical management can effectively
improve the patients’ prognosis. Our study aims to establish a novel predictive model of malignancy for non-solid pulmonary
nodules, which would provide an objective evidence for invasive procedure and avoid unnecessary operation and the conse-
quences. Methods We retrospectively analyzed the basic demographics, serum tumor markers and imaging features of 362
cases of non-solid pulmonary nodule from January 2013 to April 2018. All nodules received biopsy or surgical resection, and
got pathological diagnosis. Cases were randomly divided into two groups. The modeling group was used for univariate analysis
and logistic regression to determine independent risk factors and establish the predictive model. Data of the validation group
was used to validate the predictive value and make a comparison with other models. Results Of the 362 cases with non-
solid pulmonary nodule, 313 (86.5%) cases were diagnosed as AAH/AIS, MIA or invasive adenocarcinoma, 49 cases were
diagnosed as benign lesions. Age, serum tumor markers CEA and Cyfra21-1, consolidation tumor ratio value, lobulation and
calcification were identified as independent risk factors. The AUC value of the ROC curve was 0.894, the predictive sensitivity
and specificity were 87.6%, 69.7%, the positive and negative predictive value were 94.8%, 46.9%. The validated predictive value
is significantly better than that of the VA, Brock and GMUFH models. Conclusion Proved with high predictive sensitivity

and positive predictive value, this novel model could help enable preliminarily screening of “high-risk” non-solid pulmonary
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nodules before biopsy or surgical excision, and minimize unnecessary invasive procedure. This model achieved preferable pre-

dictive value, might have great potential for clinical application.

[ Keywords ] Pulmonary nodule; Lung neoplasms; Predictive model; Probability of malignancy
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Tab 1 Patients’ characteristics and demographic data

Characteristics n=362
Demographic data
Age (Mean=SD, yr) 55.2%+11.1
Male (%) 48.3
Smoking history (%) 27.6
Family history of lung cancer (%) 18.8
History of malignancy (%) 4.1
Serum tumor markers
CEA (Mean=SD, ng/mL) 2.99+%1.77
Cyfra21-1 (Mean=SD, ng/mL) 2.49+0.93
Imaging characteristics
Maximum diameter (Mean=SD, cm) 1.76+0.72
Diameter of the solid component (Mean%SD, cm) 0.63+0.56
CTR=50% (%) 36.7
Located on upper lobe (%) 56.6
Spiculation (%) 34.0
Lobulation (%) 63.3
Calcification (%) 1.4
Cavitation (%) 5.2
Clear margin (%) 64.9
Pleural retraction sign (%) 171
Emphysema (%) 7.5

SD: standard deviation; CEA: carcino-embryonic antigen; CTR:
consolidation tumor ratio.
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Tab 2 Demographic data, serum tumor markers and imaging characteristics of the non-solid lung nodules in benign and malignant groups

Characteristics Study cohort (n=362) Derivation set (1=242)
Benign Malignant P Benign Malignant P
(n=49) (n=313) (n=33) (n=209)
Demographic data
Age (Mean=SD, yr) 47.8%7.3 56.4£11.2 <0.001 48.0+7.9 56.9£11.3 <0.001
Male (%) 42.9(21/49)  49.2(154/313) 0.409 48.5(16/33) 50.2(105/209) 0.851
Smoking history (%) 24.5(12/49)  28.1(88/313) 0.598 27.3(9/33) 28.7 (60/209) 0.865
Family history of lung cancer (%) 16.3 (8/49) 19.2 (60/313) 0.636 15.2(5/33) 19.6 (41/209) 0.543
History of malignancy (%) 2.0 (1/49) 4.5 (14/313) 0.683 0(0/33) 4.3 (9/209) 0.472
Serum tumor markers
CEA (Mean=SD, ng/mL) 1.66%0.81 3.20%1.79 <0.001 1.72£0.73 3.20%1.80 <0.001
Cyfra21-1 (Mean%SD, ng/mL) 1.94£0.69 2.58+0.94 <0.001 1.77£0.67 2.53%0.89 <0.001
Imaging characteristics
Maximum diameter (Mean%SD, cm) 1.66+0.62 1.77+0.74 0.293 1.64£0.63 1.70£0.74 0.641
Diameter of the solid component (Mean=£SD, cm) 0.33%0.36 0.67+0.57 <0.001 0.29%0.35 0.64%0.58 <0.001
CTR=>50% (%) 20.4(10/49)  39.3(123/313) 0.011 18.2(6/33) 40.2 (84/209) 0.015
Located on upper lobe (%) 55.1(27/49)  56.9 (178/313) 0.816 60.6 (20/33) 57.9 (121/209) 0.769
Spiculation (%) 20.4(10/49)  36.1(113/313) 0.031 24.2(8/33) 35.4(74/209) 0.208
Lobulation (%) 34.7(17/49)  67.7(212/313)  <0.001  36.4(12/33) 62.7 (131/209) 0.004
Calcification (%) 6.1(3/49) 0.6 (2/313) 0.019* 6.1(2/33) 0.5(1/209) 0.050*
Cavitation (%) 4.1(2/49) 5.4(17/313) 0.961 6.1(2/33) 5.7 (12/209) 1.000
Clear margin (%) 75.5(37/49)  63.3(198/313) 0.095 75.8 (25/33) 64.1(134/209) 0.190
Pleural retraction sign (%) 6.1 (3/49) 18.8(59/313) 0.028 9.1 (3/33) 21.1 (44/209) 0.106
Emphysema (%) 10.2 (5/49) 7.0 (22/313) 0.621 12.1 (4/33) 8.6 (18/209) 0.745

*Applying Fisher exact method.
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Tab 3 Multivariate analysis of independent predictors of malignancy for non-solid lung nodules

Regression coefficient P OR 95%Cl

Lower Upper
Age (yr) 0.055 0.023 1.056 1.008 1.107
CEA (ng/mL) 1.126 <0.001 3.082 1.699 5.590
Cyfra21-1 (ng/mL) 0.877 0.014 2.404 1.194 4.839
CTR=>50% 1.337 0.021 3.807 1.219 11.885
Lobulation 0.980 0.047 2.665 1.013 7.012
Calcification -3.236. 0.021 0.039 0.003 0.610

OR: odd ratio; Cl: confidence interval.
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Tab 4 Comparison result of AUC values between CJFH model and other models

Models AUC P 95%Cl

Lower Upper
CJFH model 0.855 - 0.775 0.934
Mayo model 0.739 0.065 0.606 0.871
VA model 0.715 0.031 0.585 0.844
Brock model 0.709 0.020 0.598 0.820
PKUPH model 0.755 0.077 0.656 0.853
GMUFH model 0.748 0.035 0.644 0.851

AUC: area under the curve; CJFH: China-Japan Friendship Hospital; PKUPH: Peking University People’ s Hospital; GMUFH: Guangzhou Medical

University First Hospital.
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