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Abstract: [ Objectives] Based on the changes of lung lesions in patients with COVID-19 at different stages, a nomo-
gram model describing CT image features was established by radiomics method to explore its efficacy in predicting the pro-
gression of the disease.[Methods] This retrospective study enrolled 136 patients with COVID=19 pneumonia who received

at least two CTs including three cohorts (training cohort and validation cohort 1 and 2). Patients in the training cohort were
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divided into three groups according to time between onset of fever symptoms and the first CT. The clinical manifestations

and CT features of each group were analyzed and compared. A nomogram to predict disease progression was constructed ac-

cording to the CT features of the patients, and its performance was evaluated.[Results] The training cohort consisted of 41

patients. A nomogram was generated to predict disease progression based on three CT features: irregular strip shadow, air
bronchial sign, and the proportion of lesions with irregular shape >50%. AUC(95%CI1)=0.906(0.817,0.995).The C index
of the training cohort was 0.906, and the C index of the internal verification was 0.892. AUC (95%CI) of the validation co-
hort 1 (34 cases) =0.889(0.793,0.984) ; AUC(95%CI) of the validation cohort 2 (61 cases)=0.876(0.706,1.000).The cal-

ibration curves show that the predicted values of the nomogram are in good agreement with the observed values. [ Conclu-

sion] The nomogram model based on CT radiomics can predict the outcome of lung lesions in patients with high sensitivity

and specificity. According to the changes of CT image characteristics of patients with COVID-19, lung lesions will be im-

proved when the proportion of irregular cable shadow, air bronchogram and irregular lesions is greater than 50%.
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Table 1 Clinical features of COVID—19 patients [mean (SD),median (IQR), n(%) |
et Training cohort Groupl Group2 Group3 7 s
(n=41) (n=13) (n=13) (n=15)

Agelyears 49(13) 54(16) 43(11) 49(10) 0.066 2.929
>50 20(49%) 8(62%) 4(31%) 8(53%) 0.290 2.607
<50 21(51%) 5(38%) 9(69%) 7(47%)

Sex 0.726 0.941
Male 17(41%) 4(31%) 6(46%) 7(47%)

Female 24(59%) 9(69%) 7(54%) 8(53%)

Symptoms
Fever 28(68%) 0(0%) 13(100%) 15(100%)  <0.001"  42.444
Chest tightness 4(10%) 1(8%) 2(15%) 1(7%) 0.825 0.851
Cough 25(61%) 8(62%) 6(46%) 11(73%) 0.353 2.135
Sputum 13(32%) 2(15%) 4(31%) 7(47%) 0.214 3.047

Anamnesis and Comorbidities
Any 9(22%) 4(31%) 3(23%) 2(13%) 0.575 1313
Chronic pulmonary disease 2(5%) 0(0) 1(8%) 1(7%) 1.000 1213
Diabetes 2(5%) 0(0) 1(8%) 1(7%) 1.000 1213
Hypertension 9(22%) 4(31%) 2(15%) 3(20%) 0.720 0.979
Cardiovascular disease 1(2%) 1(8%) 0(0) 0(0) 0.634 1.974
Hepatitis or liver cirrhosis 2(5%) 2(15%) 0(0) 0(0) 0.190 3.046

Y Difference among groups 1-3. Abbreviation: IQR, interquartile range.
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Table 2 CT features of COVID-19 patients [ mean (SD) ,median (IQR), n(%) |

Imaging features Training cohort(n=41) Groupl(n=13) Group2(n=13)  Group3(n=15) P Statistic
Number of lung lobes/n 4.0(2.0) 4.0(2.0) 4.0(2.0) 4.0(1.0) 0.248 2.792
Lesion location
Upper left 33(80%) 11(85%) 9(69%) 13(87%) 0.611  1.487
Bottom left 31(76%) 8(62%) 9(69%) 14(93%) 0.105 4375
Upper right 29(71%) 10(77%) 8(62%) 11(73%) 0.756  0.860
Middle right 22(54%) 7(54%) 6(46%) 9(60%) 0.923  0.602
Bottom right 38(93%) 12(92%) 11(85%) 15(100%) 0.287  2.287
Pleural thickening 20(49%) 6(46%) 4(31%) 10(67%) 0.193  3.556
x:::;fzoiﬁljlgl;o«%) 16(39%) 4(31%) 1(8%) 11(73%)  0.001" 13.076
Crazy—paving 36(88%) 12(92%) 12(92%) 12(80%) 0.594  1.222
Air bronchogram 23(56%) 5(38%) 11(85%) 7(47%) 0.039"”  6.494
Pleural effusion 5(12%) 2(15%) 1(8%) 2(13%) 1.000  0.571
Irregular linear opacity 20(49%) 5(38%) 2(15%) 13(87%) <0.001" 15.269
Predominant CT pattern
Consolidation pattern 31(76%) 10(77%) 9(69%) 12(80%) 0.900  0.559
Reticular pattern 36(88%) 12(92%) 12(92%) 12(80%) 0.594  1.222
Mixed pattern 28(68%) 9(69%) 9(69%) 10(67%) 1.000  0.141
Lesion area
Outer edge of lung 1/3 16(39%) 5(38%) 5(38%) 6(40%) 1.000  0.112
Outer edge of lung 1/3-2/3 22(54%) 7(54%) 7(54%) 8(53%) 1.000  0.09912
Outer edge of lung 1/3-3/3 3(7%) 1(8%) 1(8%) 1(7%) 1.000  0.454

" Difference among groups 1-3. Abbreviation: IQR, interquartile range.

Mixed Reticular Mixed Reticular Maned Reticular

A B

The Venn diagram displays the numbers of patients whose main CT feature is ground—glass—like opacity, reticular pattern, mixed pattern, or con-

C

solidation in the training cohort. According to the time between fever onset and the first CT scan, patients are divided into three groups: group 1 (no fe-
ver; n=13, A), group 2 (fever onset < 1 week prior to CT; n =13, B), group 3 (fever onset 1-3 weeks priorto CT; n =15, C).
1 CTEGMBEXENEARETHNSHRMHAEHHESLENIFHIER
Fig.1 The distribution of lung pattern changes in the study group on CT images and the distribution

of various morphological changes in the lung
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COVID-19 patient, female, 45 years old. 4 days after fever, massive ground—glass—like lesions in the upper lobe of the right lung and both lower

lobes near the chest wall, with curved edges and outward—curved bows (yellow arrows). Thickened blood vessels in the lesion (green arrow) (A, B). Day

11: enlarged lesions in both lungs, showing irregular mixed ground—glass—like lesions with reticular pattern and a small number of irregular linear opaci-

ty (black arrows), irregular sharp corners at the edges and bows inward (yellow arrows) (C, D). Day 16: resolution of the lung lesions (E, F).

B2 #HEEECTER
Fig.2 CT image of COVID-19 patient
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The nomogram consists of the morphology of the lesion, air bronchogram, and irregular linear opacity. A: Least absolute shrinkage and selection op-

erator (LASSO) coefficient profiles (y—axis) of the five selected features. The upper x—axis shows the average number of predictors. B: The coefficient (\)

determining the best penalty LASSO model is implemented according to the minimum standard. The area under binomial deviance is plotted on a loga-

rithmic scale (\). The red dot represents the average binomial deviance of each model with a given \. The dotted line indicates the optimal value of \. C:
Nomogram predicting the likelihood of disease improvement in patients with COVID~-19 pneumonia. To use this nomogram in clinical practice, a sepa-
rate score Is printed on each variable axis, and a line is drawn upward to determine the score received for each variable value. The sum of these scores is

located on the total score axis, and a line downward indicates the probability of disease improvement in COVID-19 patients. Abbreviation: MOTL, mor-

phology of the lesion; AB, air bronchogram; ILO, irregular linear opacity.

E3 ##E COVID-19 Z&EFMFILE
Fig.3 Construction of the prediction nomogram for patients with COVID-19

% 3 Logistic BVAFNEE S 4]

Table 3 Logistic regression prediction model parameters

Variable b Sh Wald »* P OR OR 95% CI
Constant -0.893 0.722 1.531 0.216 — —

MOTL 1.045 0.994 1.104 0.293 2.843 (0.405,19.954)
AB -1.281 0.938 1.865 0.172 0.278 (0.044,1.746)
ILO 3.526 0.970 13.215 <0.001 33.998 (5.079,227.591)

x4 FZLETA COVID-19 B B Fim it B R eE

Table 4 Performance of nomogram for predicting progression of disease of patients with COVID-19 pneumonia

Cohort AUC (95% C1) Sensitivity/% Specificity/%
Training cohort (n = 41) 0.906 (0.817-0.995) 93.0 81.8
Validation cohort 1 (n = 34) 0.889 (0.793-0.984) 90.3 90.3

Validation cohort 2 (n = 61) 0.876 (0.706-1.000) 92.0 90.0
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Calibration curves and receiver operating characteristic curve are shown for patients of the training cohort (A and D), and validation cohort 1(B and

E4

, and validation cohort 2(C and F). Abbreviation: AUC, area under the receiver operating characteristic curve.

5| & B EFN COVID-19 Eim i R A EM R

Fig. 4 Performance in predicting disease progression in COVID-19
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