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Abstract.

BBACKGROUND: In clinical practice, preoperative identification of mixed ground-glass opacity (mGGO) nodules with micropap-
illary component (MPC) to facilitate the implementation of individualized‘therapeutic strategies and avoid unnecessary surgery is
increasingly important

OBJECTIVE: This study aimed to build a predictive model basedion clinical and radiological variables for the early identification
of MPC in lung adenocarcinoma presenting as mGGQ nodules.

METHODS: The enrolled 741 lung adenocarcinoma“patients» were randomly divided into a training cohort and a validation
cohort (3:1 ratio). The pathological specimens and preoperative images of malignant mGGO nodules from the study subjects were
retrospectively reviewed. Furthermore, in the training ¢ohort, selected clinical and radiological variables were utilized to construct
a predictive model for MPC prediction.

RESULTS: The MPC was found in 228 (43.3%) patients in the training cohort and 72 (41.1%) patients in the validation cohort,
Based on the predictive nomogram, the air bronchogram was defined as the most dominant independent risk factor for MPC of]
mGGO nodules, followed by the maximum computed tomography (CT) value (> 200), adjacent to pleura, gender (male), and
vacuolar sign. The nomogram demonstrated good discriminative ability with a C-index of 0.783 (95%[CI] 0.744-0.822) in the
training cohort and a C-index of 05799 (95%[CI] 0.732—0.866) in the validation cohort Additionally, by using the bootstrapping
imethod, this predictive model cal€ulated a corrected AUC of 0.774 (95% CI: 0.770-0.779) in the training cohort.
I(CONCLUSIONS: This study-proposed a predictive model for preoperative identification of MPC in known lung adenocarcinomas
presenting as mGGO nodules to facilitate individualized therapy. This nomogram model needs to be further externally validated
by subsequent multicenter studies.

Keywords: Mixed ground-glass opacity (mGGO), micropapillary component (MPC), lung adenocarcinoma, predictive model,
nomogram

1. Introduction

*Corresponding authors: Cheng Chen, Department of Respiratory . . .
and Critical Medicine, The First Affiliated Hospital of Soochow The mixed ground-glass opacity (mGGO) nodule is
University, 899 Pinghai Road, Suzhou, Jiangsu 215006, China. Tel.: a common imaging manifestation of early-stage lung
H86 13771775292; E-mail: chencheng @suda.edu.cn. Weidong Zhu,
[Pathology Department, The First Affiliated Hospital of Soochow

adenocarcinoma [1]. In clinical practice, assessing the|
degree of malignancy mGGO nodules during imaging
0 ] i he appropriate time for oper-
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Patients with resected lung adenocarcinoma
from December 2020 to January 2022 (n=1456)

!

Must meet all the following criteria:

- Preoperative chest CT examination
presenting as mixed GGO nodules (<3 cm)
- Without prior history of other tumors

- Accessible pathological findings to
evaluate the presence of MPC

- preoperative lung mass >3 cm
(n=128)

- presenting as solid nodules (n= 495)
- presenting as pGGO nodules (n= 39)
- with prior history of other tumors

754 excluded | (n= 68)
v - incomplete pathological findings
Patients included in this study (n=24)
(n=702)
l Random sampling (3:1) l
Training cohort Validation cohort
n=527 n=175
l l
With MPC Without MPC With MPC Without MPC
n=228 n=299 n=72 n=103

[Fig. 1. Inclusion criteria and screening process of the study. The flow chart showed thesprocess of patient enrollment, including the inclusion

criteria and the grouping of study subjects.

ative intervention remain a clinical challenge [2—4].
Some studies observed that lung adenocarcinoma with
the micropapillary component (MPC) also showed dis;
tinct genomic profiles and immunosuppression, [5,6]:
)Additionally, numerous studies find that such patients
also have a higher risk of early metastasis and,exhibit
a poorer prognosis even when the MPC compofent is
not predominant [7-9]. Therefore, the early‘identifica-
tion of mGGO nodule with MPC may=help.better judge
the tumor characteristics in lung@denocarcinoma pa-
tients, which in turn can facilitate'the implementation
of individualized therapeutic¢ Strategies [10—12].
Given the diagnosis of MPC'in adenocarcinoma re-
quires pathological findingsfollowing surgical excision,
effective preoperative predictive methods for the pres-
ence of MPC in GGO nodules are increasingly needed.
Computed tomography (CT) is a non-invasive screening
tool for lung cancer manifesting as GGO nodules and
is widely used in clinical practice [13]. It was noticed
that the internal radiological characteristics of solid-
prominent nodules are often obscured and difficult to
accurately evaluate [14] and the accuracy of pathologi-
cal results between solid-predominant and mGGO nod-
ules is also heterogeneous [15]. Therefore, the imaging
prediction model established without distinguishing the
purely solid nodules and mGGO nodules may reduce
the predictive accuracy to a certain extent. Many studies

clude the solid-predominant nodules, to predict patho-
logical subtypes of lung adenocarcinoma [16,17], but
little to no research has focused on the mGGO nodules
solely.

In this study, we aimed to retrospectively investigate
the clinical and pathological features of mGGO nod-
ules with MPC in lung adenocarcinoma patients. Fur-
thermore, this study also constructed a nomogram to
effectively predict the probability of MPC in mGGO by
a non-invasive method.

2. Materials and methods
2.1. Patients and study design

This retrospective study was approved by the Institu-
tional Review Boards of The First Affiliated Hospital
of Soochow University (No.476 in 2022). Patients who
underwent resection for lung adenocarcinoma from Jan-
uary 2021 to January 2022 were enrolled in this study.
The flow chart of the study subjects is depicted in Fig. 1.
The patients must meet all the following inclusion cri-
teria: i, preoperative chest CT examination presenting
as mGGO nodules (< 3 cm); ii, without prior history|
of other tumors; iii, accessible pathological findings to

ave used imaging features of lung nodules, which in-

evaluate the presence or absence of MPC
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Based on the presence or absence of the MPC in
pathological findings, the training cohort and the vali-
dation cohort were divided into two groups respectively,
the MPC group and the non-MPC group. The clini-
cal and pathological data between the two groups in
both cohorts were compared respectively. Accordingly,
based on the univariate analysis, significant variables
were selectly included in the multivariate analysis. Fur-
thermore, a nomogram was constructed by selecting
significant variables from the multivariate logistic anal-
ysis. And the discriminative and consistent ability of
the predictive model was also validated.

2.2. Imaging assessment and pathological evaluation

We have reviewed the preoperative CT imaging of
all enrolled subjects and some of the representative
imaging findings are shown in Fig. 2. Insparticular, the
imaging findings of mGGO nodules arestandardly de-
scribed, including the location of thedung lobes where
the tumor is present and theirfrelative position with
pleura; the size of the tumor(maximum diameter); tu-
mor margins (Lobulationgspiculation); internal features
of the tumor (vacuolar sign,/air bronchogram sigh, ves-
sel convergence); adjacent to the pleura; and maximum
CT values of the solid component.

The immunohistochemistry testing of programmed
cell death-Ligand 1 (PD-L1) was conducted by 22C3 as-
says (Agilent Technologies) using the DakoAutostainer
Link 48 platform following its manufacturer’s instruc-
tions [18]. According to the tumor proportion score
(TPS), cases were categorized into negative (TPS <
1%), low expression (TPS: 1-50%) and high expres-
sion (TPS > 50%). Additionally, Ki-67 in tumor tissue
was quantified after employing immunohistochemistry
of the tumor slide, and cases were further classified as
negative (TPS < 1%), low expression (TPS: 1-30%),

nd high expression (TPS > 50%)

[Fig. 2. Representative CT images of the study subjects. (a) A mixed ground ground-glass opacity (mGGO) nodule with homogeneous density in
the right upper lobe Few blood vessels are penetrating within the mGGO and the margins appear lobulated; (b) A mGGO nodule in the upper left
lobe that depicts vacuolar sign, vessel convergence, and pleural retraction; (c¢) A mGGO nodule adjacent to the pleura in the right upper lobe with
pleural retraction.

2.3. Definition

Mixed ground-glass opacityy(mGGO) is defined as
an opacity with increasgd density and the 0 < consoli-
dation tumor ratio (CTR).<{ 0.5 [15,19]. The CT value
is a relative value_ obtained by converting the detec-
tor’s X-ray attenuation coefficient into a certain mathe-
matical pattern/ The micropapillary component (MPC)
was confirmed™based on the World Health Organiza-
tion (WHO) criteria: a papillary cluster of tumor cells
lacking,a fibrovascular axis, and the micropapillary|
structure can be separated and/or linked to the alveolar
wall [4,20]. Adjacent to the pleura was defined if there|
was no fat space between the tumor and the pleura or]
if the tumor directly extended into the pleura [21]. The
pleural invasion was diagnosed when the elastic fiber|
staining showed that there was elastic fiber breakage in|
the visceral pleural elastic layer.

2.4. Statistical analysis

The random grouping method was conducted using
R language and the enrolled 702 study subjects were
randomly divided into two groups in a 3:1 ratio: the
training cohort (n = 527) and the validation cohort
(n = 175). Statistical analyses were conducted using
SPSS software (version 25.0; IBM). Continuous vari-
ables regarding clinical and pathological characteris-
tics between the micropapillary and non-micropapillary|
cohort were compared by Student’s ¢-test or Mann-
Whitney U-test, and categorical variables were com-
pared by chi-square test or Fisher’s exact test. Multi-
variate logistic regression was performed to identify
imaging-based independent risk factors of the MPC in
mGGO nodules. Especially, a 2-tailed p value < 0.05
was considered significant.

2.5. Nomogram construction and evaluation

As for the selection of relevant variables, the demo-
graphic information such as age, gender, and smoking
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Table 1

Clinical and preoperative imaging characteristics between the enrolled subjects

Variates MPC (n =300) Non-MPC (n =402) P value
Age (y) 63.0 (61.9-64.0) 59.9 (58.8-60.9) 0.001
Gender (male) 151 (50.3%) 131 (32.6%) < 0.001
Smoking history 67 (22.3%) 63 (15.7%) 0.102
Location of lung lobe 0.374
Left upper lobe 69 (23.0%) 93 (23.1%)
Left lower lobe 53 (17.7%) 49 (12.2%)
Right upper lobe 75 (25.0%) 119 (29.6%)
Right middle lobe 23 (7.7%) 35 (8.7%)
Right lower lobe 37 (12.3%) 53 (13.2%)
Multiple lung lobes 43 (14.3%) 53 (13.2%)
Adjacent to pleura 211 (70.3%) 212 (52.7%) < 0.001
Radiological features
Lobulation 250 (83.3%) 306 (76.1%) 0.020
Spiculation 259 (86.3%) 307 (76.4%) 0.001
Vacuolar sign 206 (68.7%) 197 (49.0%) < 0.001
Air bronchogram sigh 210 (70.0%) 143 (35.6%) < 02001
Vessel convergence 103 (34.3%) 132 (32.8%) 0:677
Maximum diameter (cm) <,0.001
<2 158 (52.7%) 291 (72.4%)
>2 142 (47.3%) 111 (27.6%)
Maximum CT value < 0.001
< 200 61 (20.3%) 194 (48.3%)
> 200 239 (79.7%) 208 (517 %Y

history were selected as variables based on previous
literature. Variables regarding the internal and external
characteristics of mGGOs were selected based on not
only the literature but also the clinical practice. Based
on the independent risk factors from multivariate 10+
gistic regression in the training cohort, a nomegram
was plotted and validated by using the R programming
language and environment (http://www.rsproject.org/).
In the training and validation cohort, thesareaunder the
curve (AUC) was used to evaluate the'discriminative
ability and the calibration curve wasdised to assess the
agreement between the predicted'sisks and the actual
results. The internal validation was implemented us-
ing the bootstrapping method.by setting the number of
iterations to 1000.

3. Results
3.1. Demographic features

A total of 702 patients were enrolled in the study and
the MPC was found in 300 (42.7%) patients. Among
them, 204 patients had growth of ground glass nod-
ules during follow-up time, and 144 patients underwent
preoperative biopsy. The comparisons of demographic
features between the MPC group and the non-MPC
group are shown in Table 1. The median age of the MPC
group was 63. 0 years, which was higher than that of

themnen=MPC group (59.9, p = 0.001) Additionally, the
proportion of males was also higher in the MPC group
(50.3% vs. 32.6%, p < 0.001). As for the smoking his-
tory, there was no significant difference between the
two groups (22.3% vs. 15.7%, p = 0.102). Addition-
ally, the clinical characteristics of the training cohort
and the validation cohort are shown as supplementary
materials in Tables 4 and Table 5.

3.2. Imaging findings

The preoperative imaging characteristics between the
MPC group and the non-MPC group are shown in Ta-
ble 1. The location of the lung lobes for mGGO nodules
was comparable between the MPC group and non-MPC
group (p > 0.05). While mGGO nodules adjacent to
the pleura were more likely to be found in the MPC
group (70.3% vs. 52.7%, p < 0.001). Furthermore, the
mGGO nodule from the MPC group was more likely to
present a larger diameter (> 2 cm) compared with their
counterparts (47.3% vs. 27.6%, p < 0.001).

In terms of marginal features of mGGO nodules,
mGGO nodules with MPC were more likely to manifest
as lobulation (83.3% vs. 76.1%, p = 0.020) and spicu-
lation (86.3% vs. 76.4%, p = 0.001) than the non-MPC
group. We then compared the internal characteristics of
mGGO nodules between the two groups. The data sug-
gested that mGGO with MPC was more likely to exhibit
the vacuolar sign (68.7% vs. 49.0%, p < 0.001) an
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Table 2
Multivariate analysis of risk factors for differentiating mGGO nodules with and without MPC in the training cohort

Variates Univariate analysis Multivariate analysis
P value OR 95%C1 P value Adjusted OR 95%CI

Age 0.002 1.03 1.01-1.05

Gender (male) < 0.001 2.12 1.48-3.02 0.006 1.78 1.18-2.68
Adjacent to pleura < 0.001 2.09 1.45-3.02 < 0.001 2.37 1.56-3.61
Lobulation 0.047 1.56 1.00-2.41

Spiculation 0.037 1.64 1.03-26.61

Vacuolar sign < 0.001 2.30 1.60-3.31 0.003 1.88 1.25-2.85
Air bronchogram < 0.001 3.75 2.61-5.41 < 0.001 3.73 2.47-5.65
Maximum diameter (> 2 cm) < 0.001 2.21 1.55-3.16

Maximum CT value (> 200) < 0.001 3.68 2.47-5.49 < 0.001 3.12 2.00-4.83
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air bronchogram sign (70.0% vs. 35.6%, p < 0.001).
However, the proportion of vessel convergence sign
in mGGO nodules was comparable between the two
groups (34.3% vs. 32.8%, p = 0.677). And it was no-
ticed that the proportion of mGGO with a maximum CT
value > 200 in the MPC group was significantly higher
than that in the non-MPC group (79.7% vs. 51.7%, p <
0.001).

3.3. Independent risk factors for the presence of
MPCin mGGO nodules in the training cohort

Firstly, we screened variables with statistical sig-
nificance from the univariate analysis, including age,
gender, adjacent to pleura, lobulation, spiculation, vaés
uolar sign, air bronchogram, maximum diameter, (>
2 cm), and maximum CT value (> 200). According to
the multivariate logistic regression analysis,in the) train-
ing cohort (Table 2), gender (male) (ORA~78,.95%[CI]
1.18-2.68, p = 0.006), adjacent to_pleura (OR 2.37,
95%[CI] 1.56-3.61, p < 0.001)s vacuolar sign (OR
1.88, 95%[CI] 1.25-2.85, p = 0:003), air bronchogram
sigh (OR 3.73 95%[CI] 2 47=5:65, p < 0.001), and
the CT value (> 200) (OR3.12, 95%[CI] 2.00-4.83,
p < 0.001) were the independent risk factors for the
presence of MPC in lung adenocarcinoma presenting
as mGGO nodules.

3.4. The preoperative predictive nomogram
construction and validation

As shown in Fig. 3a, based on the five significant
variables from multivariate analysis in the training co-
hort, we constructed a nomogram for the prediction of
MPC in lung adenocarcinoma patients presenting as
mGGO nodules. Based on the predictive nomogram,
the air bronchogram was defined as the most domi-
nant independent risk factor for the presence of MPC in

mGGO nodules, followed by the maximum CT value

(> 200), adjacent to pleura, gender (male) and vacuolar]
sign.

Then the discriminative afid consistent ability of the
nomogram in the training ‘cohort was validated. As
shown in Fig. 3b, the,cut-off score of the receiver op-
erating characteristic. (ROC) curve was 241.4 points
and lung adenocarcinoma presenting as mGGO nod-
ules could b¢ further identified as MPC or non-MPC
with a sensitivity of 72.4% and a specificity of 71.3%.
Baséd. on the ROC curve, favorable discrimination of|
the.predictive ability was shown with an AUC value of
0.783(95%[CI] 0.744-0.822), which demonstrated the|
satisfactory discrimination of the model. As for the con-
sistent validation, in the training cohort, the calibration|
curve of the nomogram also showed high consistencies
between the predicted and observed micropapillary-
contained probability. Furthermore, the internal valida-
tion was implemented using the bootstrapping method
by setting the number of iterations to 1000. And this
predictive model calculated a corrected AUC of 0.774
(95% CI: 0.770-0.779).

3.5. The predictive nomogram validation in the
validation cohort

Accordingly, we validated the predictive nomogram
in the validation cohort (Fig. 4a and b). The predic-
tive model also demonstrated favorable discriminative
ability with an AUC value of 0.799 (95%[CI] 0.732
0.866) in the validation cohort. The calibration curve|
also showed consistencies between the predicted and
observed micropapillary-contained probability.

3.6. mGGO nodules with MPC presented a higher
aggressive potential

To assess the invasive potential of mGGO nodules
with MPC, pleural and lymph node metastasis rates

were compared between the two groups (Table 3)
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Yes

Yes

>200

Points
Gender —_—
Female
Vacuolar sign r
No
Air bronchogram r
No
Adjacent to pleura r
No
Maximum CT value "
<200
Total Points :
0 50 100

Prob of micropapillary

1.0

08

0.608 (0.287,0.724)

Sensitivity

AUC:0.783 (0.744-0.822)

0.2

0.0

4
1-Specificity

b

[Fig. 3. The construction and validation of a predictivé nomogram based on clinical and radiological features in the training cohort. (a) The|
nomogram for the prediction of MPC among lung adenocaseinoma presenting as mGGO nodules. Five categorical variables from the multivariate
logistic analysis were included in the model and had différent contributions to the probability of MPC among mGGO nodules; (b) A ROC curve
for the discriminative validation of the nomoggam‘in the training cohort. The AUC value of the ROC curve was 0.783 (95%[CI] 0.744-0.822); (c)
A calibration curve for the estimation of agreemeht between the predicted mGGO nodules with MPC and those of the nomogram.

total of 60.4% (424/702) mGGO nodules adjacent to
the pleura underwent pleural elastic fiber staining, in-
cluding 207 cases in the MPC group and 217 cases in
the non-MPC group. Typically, mGGO nodules adja-
cent to the pleura in the MPC group were more likely to
occur pleural invasion compared to the non-MPC group
(29.3% vs. 5.5%, p < 0.001).

Then we compared the lymph node metastasis rates
between the MPC group and the non-MPC group. The
Ilymph node biopsy was implemented in 135 cases
from the MPC group and 117 cases from the non-MPC
group. In particular, the pathological findings suggested
a higher ratio of lymph node metastasis in the MPC
group (18.5% vs. 0.9%, p < 0.001). The above finding
suggested that the mGGO nodules with MPC presented
a higher risk of pleural and lymph node invasion.

Notably, cases that tested with high Ki-67 expression

(> 30%) were more likely to be found in the MPC

200 250 300 350 400

03 04 05 06 07 0.8

1.0

0.8
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— Bias-corrected

7 Ideal

04

Actual Probability

0.2

o |7
=

T T
0.0 0.2 0.4 0.6 0.8 1.0

B= 1000 Predicted Probabilty Mean absolute
repetitions, boot error=0.004 n=524

group than the non-MPC group (14.7% vs. 0.5%, p <
0.001). This indicated that mGGO nodules with MPC
might have higher chances of metastasis and tumor|
proliferation potential.

3.7. mGGO nodules with MPC were more likely to
exhibit inhibitive tumor immune
microenvironment

To explore the immune microenvironment charac-
teristics among lung adenocarcinoma patients with and
without MPC, we then compared the expression of the
immune inhibitory molecule PD-L1. According to the
immunohistochemistry staining results (Table 3), the
proportion of cases that tested positive for PD-L1 was
significantly higher in the MPC group compared with|
their non-MPC counterparts (57.7% vs. 30.8%, p
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Table 3
Histopathological characteristics of the study subjects
Variates MPC (n =300) Non-MPC (n =402) P value
Pleural elastic fiber staining 207 217
Non-pleural invasion 147 (71.0%) 205 (94.5%) < 0.001
Pleural invasion 60 (29.0%) 12 (5.5%)
Lymph node dissection 135 117
Non-metastasis 110 (81.5%) 116 (99.1%) < 0.001
Metastasis 25 (18.5%) 1 (0.9%)
PD-L1 (22C3) < 0.001
Negative (< 1%) 127 (42.3%) 278 (69.2%)
Low expression (1-50%) 156 (52.0%) 121 (30.1%)
High expression (> 5%) 17 (5.7%) 3 (0.7%)
Ki-67 < 0.001
Negative (< 1%) 7 (2.3%) 18 (4.5%)
Low expression (1-30%) 249 (83.0%) 382 (95.0%)
High expression (> 30%) 44 (14.7%) 2 (0.5%)

1.0

0.540 (0.146,0.625)

Sensitivity

AUC:0.799 (0.732-0.866)

T ™ T T
0.0 0.2 04 0.6 08
1-Specificity

a

immune microenvironments.

4. Discussion

[Fig. 4. The validation of the nomogrant imthe validation cohort. (a) A ROC curve for the discriminative validation of the nomogram from the
training cohort. The AUC value of.the ROC curve was 0.799 (95%[CI] 0.732-0.866) in the validation cohort; (b) A calibration curve for the|
estimation of agreement between the predicted mGGO nodules with MPC and those of the nomogram in the validation cohort.

0.001). The above data indicated that mGGO nodules
with MPC were more likely to exhibit inhibitive tumor

In this study, we found that the preoperative assess-

ment of mGGO nodules with MPC implicated by clini-
cal and radiological features could be very helpful for
lung adenocarcinoma patients. Furthermore, we pro-
posed an effective predictive nomogram to classify
mGGO nodules with MPC in lung adenocarcinoma pa-
tients. It is a practical and non-invasive tool to assess the
probability of MPC risk in mGGO nodules, thereby en-

Apparent
— Bias-corrected
~ Ideal

Actual Probability
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|

o |~
S

T T
0.0 0.2 0.4 0.6 0.8 1.0

Predicted Probability Mean absolute

B= 1000 repetitions, boot
error=0.037 n=175

b

abling timely identification for surgery and appropriate|
treatment when the samples are unobtainable.

Age and gender are controversial variables associ-
ated with pathological subtypes of lung adenocarci-
noma [16,17,22]. In the present study, we found that the
older (> 65 y) and the male were mostly found in the
non-MPC group. However, only gender was regarded
as an indicator of MPC based on the multivariate anal-
ysis. As for the relationship between smoking history
and the presence of MPC, in contrast with a study that
indicated the proportion of smokers is associated with
pathological subtypes of lung adenocarcinoma [8,23],
the above finding was not shown in our data.

The current study supported previously reported find-
ings that lung adenocarcinoma with MPC was more)
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Table 4

Clinical and preoperative imaging characteristics in the training and validation cohort

Variates Training cohort Validation cohort
MPC Non-MPC P value MPC Non-MPC P value
No. of patients 228 299 72 103
Age (y) 63.3 (62.1-64.5)  60.5 (59.3-61.7) 0.002 62.9(60.7-64.0) 58.4 (55.7-61.1) 0.036
Gender (male) 114 (50%) 96 (32.1%) < 0.001 37 (51.4%) 35 (34.0%) 0.021
Smoking history 52 (24.1%) 48 (15.1%) 0.749 15 (20.8%) 15 (14.6%) 0.279
Location of lung lobe 0.522 0.835
Left upper lobe 51 (22.4%) 69 (23.1%) 18 (25.0%) 24 (23.3%)
Left lower lobe 44 (19.3%) 40 (13.4%) 9 (12.5%) 9 (8.7%)
Right upper lobe 58 (25.4%) 85 (28.4%) 17 (23.6%) 34 (33.0%)
Right middle lobe 15 (6.6%) 25 (8.4%) 8 (11.1%) 10 (9.7%)
Right lower lobe 27 (11.8%) 40 (13.4%) 10 (13.9%) 13 (12.6%)
Multiple lung lobes 33 (14.5%) 40 (13.3%) 10 (13.9%) 13 (12.6%)
Adjacent to pleura 163 (71.5%) 163 (54.5%) < 0.001 48 (66.7%) 49 (47.6%) 0.012
Radiological features
Lobulation 190 (83.3%) 228 (76.3%) 0.047 60 (83.3%) 78(75.7%) 0.225
Spiculation 196 (86.0%) 236 (78.9%) 0.037 63 (87.5%) 71 (68.9%) 0.004
Vacuolar sign 158 (69.3%) 148 (49.5%) < 0.001 48 (66.7%) 49 (47.6%) 0.002
Air bronchogram sign 155 (68.0%) 108 (36.1%) < 0.001 55 (74.6%) 35 (34.0%) < 0.001
Vessel convergence 73 (32.0%) 101 (33.8%) 0.670 30 (41.7%) 31 (30.1%) 0.114
Maximum diameter (cm) < 0.001 0.001
<2 115 (50.4%) 207 (69.2%) 43459.7%) 84 (81.6%)
>2 113 (49.6%) 92 (30.8%) 29 (4013%) 19 (18.4%)
Maximum CT value < 0.001 < 0.001
<200 44 (19.3%) 140 (46.8%) 17 (23.6%) 54 (52.4%)
> 200 184 (80.7%) 159 (53.2%) 55 (76.4%) 49 (47.6%)
Table/5
Histopathological characteristicsdn the,training and validation cohort
Variates Training/cohort Validation cohort
MPC Non-MPC P value MPC Non-MPC P value
No. of patients 228 299 72 103
Pleural elastic fiber staining 152 160 55 57
Non-pleural invasion 106 (69:7%) 1149 (93.1%) < 0.001 41 (74.5%) 56 (98.2%) < 0.001
Pleural invasion 46 (30.3%) 11 (6.9%) 14 (25.5%) 1(1.8%)
Lymph node dissection 101 86 34 31
Non-metastasis 83 (82.2%) 85(98.8%) < 0.001 27 (79.4%) 31 (100.0%) 0.008
Metastasis 18(17.8%) 1 (1.2%) 7 (20.6%) 0 (0%)
PD-L1 (22C3) < 0.001 0.009
Negative (< 1%) 94 (41.2%) 211 (70.6%) 33 (45.8%) 67 (65.0%)
Low expression (1=50%) 120 (52.6%) 85 (28.4%) 36 (50.0%) 36 (35.0%)
High expression (> 5%) 14 (6.1%) 3 (1.0%) 3 (4.2%) 0 (0%)
Ki-67 < 0.001 0.003
Negative (< 1%) 7 (3.1%) 16 (5.4%) 0 (0%) 2 (1.9%)
Low expression (1-30%) 184 (80.7%) 281 (94.0%) 65 (90.3%) 101 (98.1%)
High expression (> 30%) 37 (16.2%) 2 (0.7%) 7 (9.7%) 0 (0%)

likely to be associated with lymphatic and pleural inva-
sion [7,10]. Furthermore, for primary lung adenocarci-
noma, a previous study demonstrated clinicopathologi-
cal characteristics can provide predictive information
of unexpected lymph node metastasis [23]. This further
illustrated the importance of developing a pathological
subtype predictive model, as this can also provide an
early indication of the possibility of invasive capacity
for primary lung adenocarcinoma.

The size was an important risk for the presence of

MPC in lung adenocarcinoma according to previous
research [15,24]. Our data showed that the proportion
of mGGO nodules with a maximum diameter > 2 cm
was significantly higher in the MPC group, but it was
not an independent risk factor for the presence of MPC.
In addition, a previous study showed that the volume
doubling time was an independent predictive factor
for the pathological subtypes of lung adenocarcinoma,
indicating that further investigation into the role of size
doubling time in predicting the GGQO nodules with MPC
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may be needed [16].

Tumor spread through air spaces pattern has been
reported as a novel invasive pattern in lung adenocarci-
noma [25]. Notably, a study conducted by Yotsukura,
M et al. showed that air bronchogram sign was signifi-
cantly associated with tumor spread through air spaces
pattern and vacuole was an independent predictor of
this invasive pattern [26]. Interestingly, among the in-
ternal imaging features of mGGO nodules, our data
also demonstrated that the vacuolar sign and air bron-
chogram sign were the independent risk factors for the
presence of MPC in lung adenocarcinoma. The above
information may indicate why the mGGO nodule with
IMPC has a higher invasion capability.

The CT value inside adenocarcinoma is diverse, re-
flecting cellularity, density, and heterogeneous histo-
logical components within the tumor [27]. Because the
mGGO nodules with MPC were also more likely to be
found with high invasive ability, the quantitative CT
indicators are non-negligible predictive variables. A
study demonstrated that among lung adenocarcinoma
presenting as GGO nodules, the invasive components
were more likely to appear in areas with high CT values
while adherent components appear in the site with low
CT values [28]. Similarly, a recent study by Koezuka
et al. also found that the combined use of mean and
maximum CT values was useful for predicting lepidiet
predominant lung adenocarcinoma [29]. As expected,
the maximum CT value was an important independent
predictor for the MPC among mGGO nodules’in"this
study.

This study has some limitations. Firstly, this is a
single-center retrospective study and’th€ results ob-
tained need to be further validated by ‘subsequent multi-
center studies. Additionally, thé'study subjects included
are more likely to have higher-risk nodules, which may
lead to selection bias. Since Our data were retrospec-
tively derived from cases ifrfecent years, the lack of lon-
gitudinal follow-up information in this study is another
limitation that cannot be ignored. The data on genetic
mutations in this study were not fully available and their
correlation with lung adenocarcinoma with MPC also
needs to be further explored. Finally, all the nodules
included in this cohort were known adenocarcinoma,
the predictive model proposed in this study cannot be
used in a GGO nodule that has no tissue diagnosis.

5. Conclusion

The predictive nomogram based on the multivari-
te logistic regression analysis proposed in this study

showed that the air bronchogram was the most domi-
nant independent risk factor for the presence of MPC
in known lung adenocarcinoma presenting as mGGOs,
followed by the maximum CT value (> 200), adja-
cent to pleura, gender (male), and vacuolar sign. The
predictive nomogram proposed in this study is a con-
venient tool for early prediction of MPC in lung ade-
nocarcinoma presenting as mGGO nodules. With the
help of this predictive model, individualized surgical
and therapeutic strategies could be implemented for pa-
tients with lung adenocarcinoma diagnosed as mGGO
nodules with suspected MPC. This nomogram mode]
needs to be further externally validated by subsequent
multicenter studies.
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