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Abstract

Backgroud Lymphovascularinvasion (LVI) was histological factor that was closely related to prognosis of lung
adenocarcinoma (LAC).The primary aim was to investigate the value of a nomogram incorporating clinical and com-
puted tomography (CT) factors to predict LVI in LAC, and validating the predictive efficacy of a clinical model for LVI
in patients with lung adenocarcinoma with lesions <3 cm.

Methods A total of 450 patients with LAC were retrospectively enrolled. Clinical data and CT features were analyzed
to identify independent predictors of LVI. A nomogram incorporating the independent predictors of LVI was built. The
performance of the nomogram was evaluated by assessing its discriminative ability and clinical utility.We took 321
patients with tumours < 3 cm in diameter to continue constructing the clinical prediction model, which was labelled
subgroup clinical model.

Results Carcinoembryonic antigen (CEA) level, maximum tumor diameter, spiculation, and vacuole sign were
independent predictors of LVI. The LVI prediction nomogram showed good discrimination in the training set [area
under the curve (AUC), 0.800] and the test set (AUC, 0.790), the subgroup clinical model also owned the stable predic-
tive efficacy for preoperative prediction of LVI in lung adenocarcinoma patients, and both training and test set AUC
reached 0.740.

Conclusions The nomogram developed in this study could predict the risk of LVI in LAC patients, facilitate individu-
alized risk-stratification, and help inform treatment decision-makin, and the subgroup clinical model also had good
predictive performance for lung cancer patients with lesion <3 cm in diameter.
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Background
Lung cancer is a major global health problem [1] with
the highest morbidity and mortality among all malig-
nant tumors [2]. Lung cancer cells mainly originate
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metastasis. Even patients with stage I or II NSCLC
have low 5-year survival rate (30%—60%), and at least
30% of patients with stage I NSCLC experience tumor
recurrence after complete resection. Lymphovascu-
lar invasion (LVI), defined as the infiltration of tumor
cells in arteries, veins, or lymphatic vessels, has been
shown to be the first step in local recurrence and dis-
tant spread of tumors [4].

As a pathological indicator, LVI can only be con-
firmed by puncture or postoperative biopsy. Therefore,
identification of non-invasive predictors of LVI is of
much clinical importance and can facilitate preopera-
tive risk-stratification of patients with lung adenocar-
cinoma (LAC). Some studies have demonstrated that
the maximum diameter and imaging findings of spicu-
lation are closely related to the occurrence of LVI in
LAC [5]. However, most of the previous studies are
based on small sample size, and the reliability of the
findings needs to be further verified. Our study had an
advantage over previous studies in terms of the num-
ber of patients.,aiming to provide a more reliable refer-
ence for preoperative prediction of LVI in LAC.
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Patients

Methods

This study was conducted as a single-center retrospec-
tive study from January 2016 to October 2021, The study
received approval from the Research Ethics Commit-
tee at (No. 2023-E153-01).All patients with a pathologi-
cal diagnosis of LAC between January 2016 and October
2021 were screened from the medical records of the First
Affiliated Hospital of Guangxi Medical University. Inclu-
sion criteria: (1) Patients who underwent unenhanced
chest CT scan within two weeks before surgery; (2)
patients for whom LVI status (positive or negative) was
confirmed after surgery; (3) availability of satisfactory CT
images for analysis; (4) no history of any other type of
lung tumor. Exclusion criteria: (1) Patients with incom-
plete clinical, imaging or pathological data; (2) patients
who received chemotherapy or radiotherapy before sur-
gery. Finally, a total of 450 patients with LAC [243 males
and 207 females; mean age, 57.88 years (range, 23—81)]
were included in this study. A schematic illustration of
the study selection criteria is shown in Fig. 1.

The study population was randomly divided into a
training set and a test set at a ratio of 7: 3. The training set
of the nomogram included 171 LVI-positive patients and
145 LVI-negative patients, while the test set included 73

Patients underwent complete

Patients tumor diameter <3cm

surgical resection (n=1134) (n=321)
Exclusion criteria:
(1) Patients with incomplete clinical,
imaging or pathological data(n=534);
(2) patients who received chemotherapy or [
radiotherapy before surgery(n=150).
A4 A4 A
Training set Test set Training set Test set
n=316 n=134 n=225 n=96
v /2
LVI-present(n=171) LVI-present(n=73) LVI-present(n=129) LVI-present(n=41)
LVI-absent(n=145) LVI-absent(n=61) LVI-absent(n=96) LVI-absent(n=55)

Fig. 1 Flowchartillustrating the inclusion and exclusion criteria for this study
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LVI-positive patients and 61 LVI-negative patients, and
the training set of the subgroup clinical model included
96 LVI-positive patients and 129 LVI-negative patients,
while the test set included 41 LVI-positive patients and
55 LVI-negative patients.

CT imaging

All patients underwent unenhanced chest CT with a 256-
row detector CT (Revolution CT, GE Healthcare, USA)..
The CT scan parameters were as follows: tube voltage,
120 kVp; tube current (using automatic tube current
modulation technique), 80—100 mA; pitch, 0.992:1; rota-
tion time, 0.50 s; matrix, 512x512; reconstructed slice
thickness, 1.25 mmj;reconstructed algorithm,standard
algorithm. All scans were performed with the patient in
supine position with holding of breath. The scanning area
covered the entire chest.

Clinical data and CT features analysis

Patient clinical data were collected through the hospi-
tal electronic medical record system. The clinical data
were as follows: (1) age; (2) gender; (3) smoking history;
(4) preoperative CEA level (>5 mg/ml was defined as
positive). All images were evaluated independently by
two radiologists (12 and 20 years of experience in chest
imaging diagnosis, respectively) who were blinded to
clinic-pathologic details. The final results were deter-
mined by consensus. The CT morphological features
were defined based on previous studies on lung can-
cer [6, 7]. CT-reported tumor maximum diameter (the
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maximum cross-sectional diameter of the tumor); tumor
location (left or right lung); border (sharp or ill-defined);
shape (regular or irregular; “regular shape” was defined
as round or ovoid); spiculation (present or absent; “spic-
ulation” was defined based on the unenhanced CT lung
window: short, radial, unbranched shadows extend-
ing from the edge of the tumor to the surrounding lung
parenchyma and not connected to the pleura) (Fig. 2a);
lobulation (present or absent; “lobulation” was defined
as uneven lobulated contour of the tumor surface)
(Fig. 2b); vacuole sign (present or absent; “vacuole sign”
was defined as intratumoral round or ovoid air attenu-
ation with a diameter <5 mm) (Fig. 2c, d); air broncho-
gram (present or absent; “air bronchogram” was defined
as presence of air-filled bronchi in the tumor) (Fig. 2e);
pleural indentation (present or absent; “pleural indenta-
tion” was defined as a linear or tentorial shadow between
the tumor and the pleura, or a star-shaped shadow)
(Fig. 2f).

Pathological evaluation

All surgical specimens were processed for histopatho-
logical examination and the sections were stained with
hematoxylin and eosin (H&E) stain (Fig. 3a), immuno-
histochemical stain for CD34 (a transmembrane gly-
coprotein expressed on the surface of normal vascular
endothelial cells(Fig. 3b), a commonly used vascular
endothelial cell marker) or D2-40 (a marker for lymphatic
endothelial cells), if necessary (Fig. 3c). LVI was defined
as microscopic demonstration of the presence of tumor

Fig. 2 Representative computed tomography images showed morphological features of lung adenocarcinoma. Spiculation (a), lobulation (b),
vacuole sign (c, d), air bronchogram (e), and pleural indentation (f) (shown as arrows)
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Fig. 3 Assessment of lymphovascular invasion in lung adenocarcinoma. Photomicrograph (H and E, x 100) showed detached clusters of tumor cells
(arrow) inside the vascular lumen beyond the edge of the tumor, suggesting lymphovascular invasion (a). Immunohistochemical staining for CD34
(b) and D2-40 antibodies indicative of lymphovascular invasion in lung adenocarcinoma (c)

cells in the vessels [8]. Presence of either blood vessel
invasion or lymphatic invasion was considered as LVI-
positive [9]. Histopathological results were indepen-
dently evaluated by two pathologists (5 and 10 years of
experience, respectively), both of whom were blinded
to the pathological records. In case of any disagreement
between the final decision was made by another senior
pathologist.

Clinical independent predictor selection and model
construction

The patients were randomly divided into training and
test set according to 7:3, and statistically significant vari-
ables were screened in the training set using univariate
logistic regression analysis, and variables with P<0.05 in
the univariate logistic regression analysis were further
included in the multivariate logistic regression analy-
sis, so as to screen the clinical factors with independent
predictive efficacy. Finally, a clinical prediction model
was constructed using the logistic regression algorithm,
and the predictive efficacy of the model was evaluated
using the area under the curve (AUC), accuracy, sensitiv-
ity and specificity, the accuracy of the model prediction
was evaluated using the calibration curve, and the clinical
application value of the model was evaluated using the
decision curve analysis (DCA).Visualising the model by
drawing a nomogram.

Some previous studies had reported that the size of
lung cancer was closely related to the incidence of LVI
[4, 5], and the larger the lesion, the higher the inci-
dence of LVI; however, the larger the lesion, the later
the clinical stage and the worse the prognosis of the
patient, and the prediction of LVI status of the lesion
at this time was not very practical in clinical practice,
while prediction of the LVI status of early lung cancer
was of great significance for the selection of the surgical
and post-operative treatment of lung cancer patients.
The size of the lesion was closely related to the clinical

staging of lung cancer, and 3 cm had a great role as the
watershed between T1 and T2 stages in T staging, and
the prognosis of lung cancer <3 cm was better than
that >3 cm, therefore, the present study constructed the
subgroup clinical model during the patients with tumor
diameter <3 cm..

Missing value handling and standardisation of data

This study identified methods for filling in missing val-
ues based on data type and used the interpolation fill
for the inaccurate data [10]. In order to improve the
data quality and ensure the accuracy, consistency and
usability of the data, we have standardised the raw
medical data collected.

Statistical analysis

Baseline data analysis was performed using SPSS soft-
ware (Version 22.0, IBM). For continuous variables, the
t-test was used if they conformed to normal distribu-
tion, and the u-test was used if they did not conform
to normal distribution. The continuous variables in our
study conformed to normal distribution and were ana-
lysed using the T-test, and for categorical variables, the
Yates’s chi-squared test was used for data analysis. Other
statistical analyses were performed using the R pack-
age (Version 4.1.0, http://www.Rproject.org). Clinical
independent predictors were screened using univariate
and multivariate logistic regression analysis. Predictive
models were constructed using logistic regression algo-
rithms. Receiver operating characteristic curve (ROC)
was used to assess the predictive efficacy of the models
for LVI in lung adenocarcinoma. AUC, sensitivity, speci-
ficity and accuracy were analysed to assess the efficacy of
the model. A cross-validation method was used to calcu-
late the C-index values of the training set and test set to
assess the 95% CI of the AUC [11, 12].
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Results

Clinical and CT characteristics

The characteristics of the entire study population are
summarized in Table 1. LVI-positive and LVI-negative
patients accounted for 54.11% (n=171) and 45.89%
(n=145) of the training set, respectively, and for 54.48%
(n=73) and 45.52% (n=61) of the test set, respectively.
We assessed the differences between LVI-positive and
LVI-negative patients with respect to age, sex, smoking
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history, carcinoembryonic antigen (CEA) level, tumor
diameter, location, border, shape, spiculation, lobulation,
vacuole sign, air bronchogram, and pleural indentation
in the training and test sets. T-test and chi-square test
were used to analyse the data. In the training set, there
were significant differences between LVI-positive and
LVI-negative patients with respect to CEA level, tumor
diameter, spiculation, lobulation, and vacuole sign. In
the test set, there were significant differences between

Table 1 Clinical characteristics and CT features of patients in the training and test sets

Characteristics Training set Test set
LVI-positive LVI-negative P value LVI-positive LVI-negative P value
(n=171) (n=145) (n=73) (n=61)

Age, years (mean +SD) 56.90+£9.80 58.50+9.70 0.144 57.50£9.60 59.50£9.50 0.227

Sex, n (%) 0.145 0.094
Male 100 (58.50) 72 (49.70) 44 (60.30) 27 (44.30)
Female 71 (41.50) 73 (50.30) 29 (39.70) 34 (55.70)

Smoking history, n (%) 0.506 0.776
No 112 (65.50) 101 (69.70) 53(72.60) 42 (68.90)
Yes 59 (34.50) 44 (30.30) 20 (27.40) 19 (31.10)

CEA(ng/mL), n (%) P<0.001 0.030
<5 86 (50.30) 110 (75.90) 45 (61.60) 49 (80.30)
>5 85 (49.70) 35 (24.10) 28 (38.40) 12 (19.70)

Diameter(cm), (mean+SD) 3.10+1.30 2.00+0.90 P<0.001 320+1.50 2.20+0.90 P<0.001

Location, n (%) 0.384 0.040
Leftlung 79 (46.20) 59 (40.70) 21(28.80) 29 (47.50)
Right lung 92 (53.80) 86 (59.30) 52(71.20) 32 (52.50)

Border, n (%) 1.000 0.506
Sharp 149 (87.10) 127 (87.60) 65 (89.00) 51(83.60)
lll-defined 22(12.90) 18 (12.40) 8(11.00) 10 (16.40)

Shape, n (%) 0.243 0.925
Regular 82 (48.00) 80 (55.20) 39 (53.40) 34 (55.70)
Irregular 89 (52.00) 65 (44.80) 34 (46.60) 27 (44.30)

Spiculation, n (%) P<0.001 P<0.001
Absent 56 (32.70) 87 (60.00) 20 (27.40) 39 (63.90)
Present 115 (67.30) 58 (40.00) 53(72.60) 22 (36.10)

Lobulation, n (%) P<0.001 P<0.001
Absent 43 (25.10) 66 (45.50) 14(19.20) 31 (50.80)
Present 128 (74.90) 79 (54.50) 59 (80.80) 30 (49.20)

Vacuole sign, n (%) 0.025 0358
Absent 162 (94.70) 126 (86.90) 67 (91.80) 52(85.20)
Present 9(5.30) 19 (13.10) 6 (8.20) 9(14.80)

Air bronchogram, n (%) 0177 0.306
Absent 165 (96.50) 134 (92.40) 71(97.30) 56 (91.80)
Present 6(3.50) 11 (7.60) 2(2.70) 5 (8.20)

Pleural indentation, n (%) 0.947 1.000
Absent 82 (48.00) 71 (49.00) 33 (45.20) 28 (45.90)
Present 89 (52.00) 74 (51.00) 40 (54.80) 33(54.10)

Data in parentheses are percentages

LVI Lymphovascular invasion, SD Standard deviation, CEA Carcinoembryonic antigen
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LVI-positive and LVI-negative patients with respect to
CEA level, tumor diameter, location, spiculation, and
lobulation (P<0.05). There was no significant difference
with respect to the other characteristics (P> 0.05) in both
sets.

Univariate and multivariate analysis

The results of univariate and multivariate logistic analysis
are shown in Table 2. Our characteristics included age,
gender, smoking history, CEA level, tumor maximum
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diameter, tumor location, border, shape, spiculation, lob-
ulation, vacuole sign, air bronchogram and pleural inden-
tation. Univariate and multivariate logistic regression
analysis were used to screen independent predictors. We
found a significant association of CEA level (P<0.001),
tumor diameter (P<0.001), spiculation (P<0.001), lobu-
lation (P<0.001), and vacuole sign (P=0.018) with LVL
These variables associated with P values<0.05 were
further included in the multivariate logistic regression
analysis, and the results showed that CEA (OR, 2.060;

Table 2 Results of univariate and multivariate logistic regression analysis showed factors associated with LVI

Characteristics Univariate analysis

Multivariate analysis

OR (95% Cl) Pvalue OR (95% Cl) P value
Age, years (mean +SD) 0.983 (0.961-1.006) 0.145
Sex, n (%) 0.117
Male Reference
Female 1428 (0.915-2.230)
Smoking history, n (%) 0432
No Reference
Yes 1.209 (0.753-1.943)
CEA (ng/mL), n (%) P<0.001 0.009
<5 Reference Reference
>5 3.106 (1.914-5.042) 2.060 (1.200-3.540)
Diameter, cm (mean +SD) 2.609 (1.972-3.453) P<0.001 2.280 (1.700-3.060) P<0.001
Location, n (%) 0.325
Left lung Reference
Right lung 0.799 (0.511-1.250)
Border, n (%) 0.904
Sharp Reference
lll-defined 1.042 (0.535-2.028)
Shape, n (%) 0.201
Regular Reference
Irregular 1.336 (0.857-2.082)
Spiculation, n (%) P<0.001 0.001
Absent Reference Reference
Present 3.080 (1.943-4.884) 2.660 (1.520-4.640)
Lobulation, n (%) P<0.001
Absent Reference
Present 2487 (1.546-4.001)
Vacuole sign, n (%) 0018 0.035
Absent Reference Reference
Present 0.368 (0.161-0.842) 0.370 (0.140-0.930)
Air bronchogram, n (%) 0.118
Absent Reference
Present 0.443 (0.160-1.229)
Pleural indentation, n (%) 0.858

Absent
Present

Reference
1.041 (0.669-1.621)

LVI Lymphovascular invasion, OR Odds ratio, C/ Confidence interval, CEA Carcinoembryonic antigen
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95% CI: 1.200-3.540), tumor diameter (OR, 2.280; 95%
CI: 1.700-3.060), spiculation (OR, 2.660; 95% CI: 1.520—
4.640), and vacuole sign (OR, 0.370; 95% CI: 1.140-0.930)
were independent predictors for LVIin LAC.

Construction of the nomogram and evaluation of its
diagnostic performance

Based on the final regression analysis, CEA level
(P=0.009), tumor diameter (P<0.001), spiculation
(P=0.001), and vacuole sign (P=0.035) were selected for
construction of the nomogram, an example of the clinical
application of the nomogram was shown in Fig. 4a. The
ROC curves of training and test sets are shown in Fig. 4b.
The AUC of the nomogram was 0.800 (95% CI 0.750—
0.850) and 0.790 (95% CI 0.710-0.860) in the training and
test sets, respectively. The accuracy, sensitivity, and spec-
ificity of the nomogram for the training set were 0.741,
0.708, and 0.779, while those for the test set were 0.724,
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0.712, and 0.738, respectively (Table 3). The calibration
curve showed good calibration of the nomogram in the
training and test sets (Fig. 4c, d). The DCA showed that
the nomogram had the highest clinical net benefit rate
within a threshold range of 0.20-0.85 (Fig. 4e).

Construction of the subgroup model and evaluation of its
diagnostic performance

321 patients with diameter <3 cm were screened from
450 lung cancer patients. Similarly univariate and multi-
variate logistic regression analysis of clinical factors were
performed in all patients. As shown in Table 4, univari-
ate logistic regression analysis showed statistically sig-
nificant differences in CEA, tumour diameter, spiculation
and lobulation sign, and multivariate logistic regression
analysis showed that CEA, tumour diameter, and spicula-
tion sign were risk factors for LVI positivity in patients
with<3 cm diameter. The subgroup clinical model

10

06

AUC: 0.80 (0.75 — 0.85)
AUC: 0.79 (0.71 — 0.86)

04

Train

Test

00

T T T T T T
0.4 o6 os
1 — Specificity

06
High Risk Threshold

o8

23 2 41
Cost:Benefit Ratio

Fig. 4 The nomogram was constructed by combining CEA (0 represents <5 ng/mL; 1 represents >5 ng/mL), maximum diameter, spiculation

(0 represented absence of the sign; 1 represented presence of the sign), vacuole sign (0 represented absence of the sign; 1 represented
presence of the sign). Each variable was awarded a score on the point scale axis. The total score was obtained by adding each single score

and by projecting the total score to the lower total point scale, the estimated probability of lymphovascular invasion in lung adenocarcinoma
could be obtained, there was an example of the nomogram in clinical application (a). The ROC curves of the nomogram (b), including training set
(AUC=0.800) and test set (AUC=0.790). The calibration curves for the nomogram. The x-axis represented the nomogram-predicted probability
and the y-axis represented the actual probability of lymphovascular invasion. Perfect prediction performance would correspond to the 45° black
solid line. The calibration curve showed a good calibration of the nomogram in the training and test sets (c, d). Decision curve analysis based

on the multi-parameter model nomogram (e). The ordinate represented the net benefit rate, and the abscissa was the threshold probability. Red
line represented the nomogram. Gray curve represented that all patients were LVI-positive. Black transverse lines represented all patients who
were LVI-negative. Compared with all LVI-negative patients (black horizontal line) or all LVI-positive patients (grey curve), the nomogram offered

the highest clinical net benefit within a threshold range of 0.20-0.85
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Table 3 Diagnostic performance of the nomogram

Groups Sensitivity Specificity
Training set 0.800 (0.750, 0.850) 0.741(0.688,0.788) 0.708(0.659,0.802) 0.779(0.654,0.788)
Test set 0.790 (0.710, 0.860) 0.724(0.640,0.798) 0.712(0.634,0.787) 0.738(0.675,0.802)

AUC Area under curve, Cl Confidence interval

Table 4 Results of univariate and multivariate logistic regression analysis showed factors associated with LVIin patients with

tumors<3cm

Characteristics

Univariate analysis

Multivariate analysis

OR (95% Cl) Pvalue OR (95% Cl) Pvalue
Age, years (mean +SD) 0.984 (0.957-1.012) 0.268
Sex, n (%) 0.225
Male Reference
Female 1.389 (0.817-2.363)
Smoking history, n (%) 0.869
No Reference
Yes 0.954 (0.543-1.675)
CEA (ng/mL), n (%) 0.001 Reference 0.014
<5 Reference 2.190 (1.180-4.080)
>5 2.577 (1.438-4.616) 1.880 (1.120-3.160)
Diameter, cm (mean +SD) 2350 (1.450-3.810) 0.001 0.016
Location, n (%) 0477
Left lung Reference
Right lung 0.824 (0.484-1.405)
Border, n (%) 0.894
Sharp Reference
lll-defined 1.053 (0.495-2.239)
Shape, n (%) 0.579
Regular Reference
Irregular 1.162 (0.684-1.975)
Spiculation, n (%) P<0.001 Reference P <0.0001
Absent Reference 3.760 (2.080-6.800)
Present 4.254 (2.399-7.543)
Lobulation, n (%) P<0.001
Absent Reference
Present 3.312(1.840-5.962)
Vacuole sign, n (%) 0.179
Absent Reference
Present 0.564 (0.244-1.300)
Air bronchogram, n (%) 0.155
Absent Reference
Present 0.384 (0.103-1.435)
Pleural indentation, n (%) 0426

Absent
Present

Reference
1.241 (0.729-2.113)

LVI Lymphovascular invasion, OR Odds ratio, C/ Confidence interval, CEA Carcinoembryonic antigen
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constructed by combining all independent predictors
showed the reliable predictive efficacy (auc of training
set and test were both 0.74). The ROC curves of training
and test set were shown in Fig. 5. The accuracy, sensitiv-
ity, and specificity of the model for the training set were
0.684, 0.656, and 0.705, while those for the test set were
0.667, 0.610, and 0.709, respectively, as Table 5 showed.

Discussion

In the present study, we used a combination of CT fea-
tures and clinical indicators for preoperative prediction
of the risk of LVI of LAC. The nomogram developed in
this study was found to be of value in facilitating treat-
ment decision-making. In our study, CEA level, maxi-
mum tumor diameter, spiculation, and vacuole sign
were independent predictors of LVI. The AUC of the
nomogram constructed based on the above variables
was 0.800 in the training set and 0.790 in the test set. The
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calibration curve and DCA demonstrated the high accu-
racy and good clinical utility of the model as a non-inva-
sive tool for predicting LVI in LAC. The present study
likewise confirmed that clinical models were also of great
value in the prediction of LVI in patients with lung ade-
nocarcinoma<3 c¢m in diameter. The AUCs of trainning
and test sets were both 0.74.

CEA level has been shown to be an independent risk
factor for LVI in LAC. CEA is an acid glycoprotein which
was first found in colon cancer and fetal intestinal tissue;
it has since been identified as a marker of various can-
cers. More than 70% of NSCLC patients have elevated
CEA level, especially those with adenocarcinoma. CEA
level has been shown to be a useful diagnostic and prog-
nostic marker of lung cancer [13-16]. It is a conveni-
ent and low-cost marker. In recent years, some studies
have investigated the relationship between CEA level
and LVI in lung cancer. However, none of the studies
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Fig. 5 The ROC curves of the subgroup clinical model in patients with the lesion<3 cm

Table 5 Diagnostic performance of the clinical model in the subgroup of patients with <3 cm tumors

Groups AUC(95% ClI) Accuracy Sensitivity Specificity
Training set 0.740 (0.680, 0.800) 0.684(0.619,0.745) 0.656 (0.612,0.756) 0.705 (0.643,0.786)
Test set 0.740 (0.640, 0.840) 0.667(0.563,0.760) 0.610 (0.656,0.789) 0.709 (0.678, 0.785)

AUC Area under curve, Cl Confidence interval
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has characterized the exact relationship between CEA
level and LVI in the context of lung cancer. In our study,
high preoperative level of CEA was a predictor of LVI in
patients with LAC. The higher was the level of CEA, the
greater was the probability of LVI. Henderson et al. [17]
reported that CEA is a cell adhesion molecule involved in
adhesion reactions amongst the cancer cells and between
cancer cells and matrix collagen, playing an important
role in tumor growth and metastasis. In recent years, a
few studies have also found that CEA can interfere with
the normal adhesion function of cells, thereby increas-
ing the motility of cancer cells and promoting the dis-
semination of cancer cells [18]. The above studies explain
the molecular basis of the potential correlation between
CEA level and the occurrence of LVI. Change in tumor
size is an essential indicator of the prognosis and thera-
peutic efficacy in the context of various tumors. Many
studies have also found a close relationship between
tumor size and LVI [19-21]. Similarly, Yang et al. [5]
identified maximum tumor diameter as an independent
risk factor for LVI in LAC (P=0.027). In our study, the
larger was the tumor diameter, the greater was the prob-
ability of LVIL. The link between tumor volume and LVI
may be explained by the greater requirement of nutri-
ents with increase in the tumor size, leading to increased
formation of microvessels, which increases the risk of
LVI. Spiculation is one of the common signs of LAC,
which is generally attributable to two factors: (1) edema
of the interlobular septa around the lesion; (2) infiltra-
tion of cancer cells and inflammatory cells in the small
blood vessels, lymphatic vessels, and bronchus around
the lesion. The pathological basis of the formation of the
spiculation varies in benign and malignant lesions. The
formation of the spiculation in lung cancer is due to the
infiltrative growth and exudative or proliferative reaction
of cancer cells. Infiltrative growth of cancer tissue is typi-
cally seen along the bronchi, blood vessels, or interlobu-
lar septa. Edges often appear as short, thin spiculations.
Yang et al. [5] also demonstrated the important value of
spiculation in preoperative prediction of LVI in LAC,
which was consistent with our study. Interestingly, in our
study, LVI-positive patients were relatively less likely to
exhibit the vacuole sign. The vacuole sign is manifested
as intratumoral low-density shadows sized<5 mm in
diameter on CT, which can be single or multiple, and the
upper and lower layers are discontinuous. Previous stud-
ies have found that vacuole sign may indicate malignancy,
especially in alveolar carcinoma and adenocarcinoma.
The pathological basis of the vacuole sign is believed
to be the residual gas-containing lung tissue within the
tumor or focal bronchiectasis and alveolar space enlarge-
ment caused by local bronchial obstruction [22]. The
occurrence of vacuole sign is related to the size of the
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tumor. The larger is the tumor, the lower is the incidence
of vacuole sign. Therefore, the vacuole sign is more com-
mon in early-stage lung cancer. However, the volume of
cancer with LVI is generally larger, which is related to the
results of our study. Previous studies have not described
the relationship between vacuole sign and LVI in lung
cancer; therefore, further studies are required to verify
the correlation between the two.

Nomogram is a visual tool used to optimize individu-
alized statistical predictive models, quantify the risk of
clinical events based on various risk factors, and pro-
vide support for the formulation of treatment plans.
Nomograms are widely used in in patients with various
tumors [23-25]. A recent study constructed a nomo-
gram to predict LVI in LAC by integrating the maxi-
mum diameter of LAC, spiculation, and 2D-Tex-score.
The AUC of the training set and the test set were 0.938
and 0.861, respectively. Nie et al. [4] used a combina-
tion of LAC components, SUVmax, and CT-radscore to
construct a nomogram to predict LVI with good predic-
tive performance. The AUC in the training set and test
set were 0.851 and 0.838, respectively [23]. In our study,
we investigated clinical factors and CT morphological
characteristics that were independent predictors of LVI
using univariate and multivariate analysis. Using these
factors, we constructed a nomogram, and quantified
each variable. The AUC of the established prediction
model was 0.790 in the training set and 0.800 in the
test set. The nomogram consisted of the predictor vari-
ables, different values for each predictor variable cor-
respond to different points, the total points obtained by
summing the individual points of all the predictor vari-
ables, and the risk value of the disease corresponding
to the total points within a certain range. The predictor
variables in this study included CEA, tumour diameter,
spiculationsign and vacuole sign, each of which cor-
responded to a different points at different values. In
clinical practice, we could assess the exact risk of LVI
in each patient based on the points of the specific clini-
cal and CT manifestations of each patient. As shown in
Fig. 4a, the patient was a 38 year old male patient and
whose LVI status was positive, and the patient’s CEA
level and spiculation sign were positive, the tumour
diameter was 4 cm, and the vacuole sign was negative,
the points for the above variables were 10.5, 15, 50, and
15, respectively, and the total points for all variables
was 90.5, which was a very intuitive judgement that
the risk of this patient for the occurrence of LVI was
above 0.9. The clinician could also take further treat-
ment measures based on the risk probability derived
from the nomogram, so as to achieve truly individual-
ised treatment. All in all, the nomogram was a statis-
tical model for individualised prediction and analysis
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of clinical events, which quantified the risk of clinical
events through various risk factors and provided sup-
port for the development of treatment plans.

Some limitations of our study should be considered.
(1) The model lacked external validation and had a
relatively small sample size, which would be further
expanded and a multi-centre study would be conducted
in the future; (2)Retrospective study could not unified
scanning machine, scanning parameters and recon-
struction algorithm, and the above factors itself dif-
ference would affect the model prediction efficiency,
in order to reduce the above impact, our study tried to
collect the patients scanning by the same machine, and
there were multiple bias in the retrospective study, such
as the most common selection bias, often existed the
random sampling sample sample could not fully repre-
sent the target population, more and more prospective
studies were required to verify the accuracy and relia-
bility of the model; (3) We did not include high-dimen-
sional radiomics features parameters, which may help
improve the predictive performance of the model.

Conclusion

We developed and validated a novel nomogram for pre-
dicting the risk of LVI in patients with LAC in a surgi-
cal population. The nomogram is convenient to use and
exhibited excellent calibration and clinical utility. The
nomogram may help predict the probability of LVI in
individual patients, and help improve treatment recom-
mendations for patients with LAC.
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