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ABSTRACT

BACKRGROUND Pure ground-glass opacities (pGGOs) have been recognized as radiologic manifes-
tations of early-stage lung adenocarcinomas, typically characterized by slow progression and a low
risk of metastasis. The study evaluated the incidence of lymph node involvement in patients un-
dergoing pGGO resection. Secondary objectives included assessing lymph node recurrence-free
interval and correlating pGGO radiologic features with final histology.

METHODS This multicenter retrospective study (January 2013-June 2024) included patients who
underwent pulmonary resection and lymphadenectomy for pGGOs. Data were recorded in the
GORDON (Ground-glass Opacities Retrospective Database for Oncological N-status) database. His-
tologic diagnosis, lymph node involvement, and recurrence were analyzed. Qualitative and quanti-
tative radiologic features of invasive and noninvasive pGGOs were compared, and receiver operating
characteristic curve analysis identified predictive variables for invasiveness.

RESULTS Of 400 pGGOs, 346 (86%) were invasive adenocarcinomas, 40 (10%) were minimally invasive,
and 14 (4%) were adenocarcinomas in situ. No lymph node metastases were detected. Nodal recur-
rence at 5 years was 0%. Invasive pGGOs showed larger radiologic diameter (22 vs 16 mm, P < .001),
higher computed tomographic (CT) attenuation (—336 vs —562 Hounsfield units [HU], P <.001), higher
difference CT values (— 493 vs —313 HU, P <.001), and higher relative attenuation (P <.001). A combined
receiver operating characteristic curve analysis identified a radiologic diameter of 18 mm and CT
density of —390 HU as predictive cutoffs for invasiveness (area under the curve, 0.874).

The Supplemental Table can be viewed in the online version of
this article [https://doi.org/10.1016/j.athoracsur.2025.10.030] on
https://wwuw.annalsthoracicsurgery.org.
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CONCLUSIONS Adenocarcinomas presenting as pGGOs are low-risk lesions with rare lymph node
involvement or recurrence, suggesting that lymphadenectomy may be unnecessary. Preoperative
chest CT enables risk stratification of lesion invasiveness, supporting tailored therapeutic

approaches.

(Ann Thorac Surg 2025;m:m-m)

© 2025 The Authors. Published by Elsevier Inc. on behalf of The Society of Thoracic Surgeons.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

ersistent pure ground-glass opacities

(pGGOs) identified on chest computed to-

mography (CT) have been increasingly
recognized due to their association with early-
stage lung adenocarcinomas.' These lesions are
typically indolent,” with adenocarcinoma in situ
(AIS) and minimally invasive adenocarcinoma
(MIA) being the least aggressive, with slow
progression and minimal metastatic potential.®

Hilar and mediastinal lymphadenectomy re-
mains the standard for resectable non-small cell
lung cancer, but the low likelihood of nodal
involvement in pGGOs—combined with the
morbidity of the procedure—warrants reevalua-
tion of its necessity in these cases.

Improved radiologic assessment is essential to
estimate pGGO invasiveness and guide surgical de-
cisions, including the need for ymphadenectomy.*>

This study evaluated the incidence of lymph
node involvement in surgically resected pGGOs.
Secondary objectives include assessing lymph
node recurrence and identifying radiologic pre-
dictors of histologic invasiveness.

MATERIAL AND METHODS

This multicenter retrospective study included all
patients who underwent pulmonary resection
with systematic hilar and mediastinal lymphade-
nectomy for adenocarcinomas presenting as
pGGOs between January 2013 and June 2024. The
study was conducted in accordance with the
Declaration of Helsinki and approved by Siena
Institutional Review Board. All patients provided
written informed consent for the use of their
clinical data for research purposes. We used the
Standards for Reporting of Diagnostic Accuracy
Studies (STARD) checklist when writing our
report.®

Data were collected from 6 Italian high-volume
oncologic centers. Patient numbers per center are
detailed in the Supplemental Table. Each center
retrospectively identified all cases of pGGO by
reviewing its respective databases of pulmonary

resection. In each center, pGGOs were selected
for surgical resection according to shared clinical
criteria derived from current evidence and
guideline recommendations.

The definition for pGGOs was based on types 1
and 2 of the radiologic classification of adeno-
carcinomas by Suzuki and colleagues,’
characterized by a homogeneous nodular area of
increased lung attenuation, with no solid
component visible on CT imaging (both on
parenchymal and mediastinal window), through
which normal parenchymal structures (airways
and vessels) could be visualized.®

Exclusion criteria were inadequate lymphade-
nectomy, lack of preoperative high-resolution CT
(HRCT) and contrast-enhanced CT (CECT), inad-
equate postoperative imaging follow-up, pGGOs
>40 mm, history of prior solid lung cancer, and
pGGOs developing solid components on preop-
erative follow-up CT. All participating centers
routinely performed Ilymphadenectomy for
resectable non-small cell lung cancer, including
pGGO. Although the extent of dissection could
vary slightly based on intraoperative judgment,
only patients who underwent resection of at least
2 N1 and 2 N2 lobe-specific lymph node stations
were included in the analysis.

Eligible cases were entered into the anony-
mized Ground-glass Opacities Retrospective
Database for Oncological N-status (GORDON)
database, which includes radiologic and patho-
logic features and follow-up. No imputation was
performed for missing data. Cases with incom-
plete radiologic or pathologic information were
excluded during initial screening.

HISTOPATHOLOGIC EVALUATION AND FOLLOW-UP. The
histopathologic examination of surgically resected
PGGOs served as the reference standard for this
diagnostic accuracy study. For each pGGO, histo-
logic subtype, predominant growth pattern, and
pathologic size were recorded. The final histologic
diagnosis was based on established criteria, classi-
fying lesions by invasiveness into invasive adeno-
carcinoma (IAC), MIA, or AIS. To enhance
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comparison, 2 groups were defined: IAC and non-
IAC (combining MIA and AIS). Lymph node
involvement was defined on histopathologic
confirmation of pN1 or pN2 disease. Postoperative
follow-up included thoracoabdominal CT scans
every 6 months for the first 2 years and annually
thereafter.

RADIOLOGIC  ANALYSIS. Each pGGO underwent
detailed radiologic assessment using the most
recent HRCT and CECT scans before surgery. CT
examinations were acquired with the patient su-
pine using 64-detector row scanners. HRCT was
performed in helical mode from lung bases to
thoracic inlet, with thin sections (<1 mm),
followed by a CECT scan in the late arterial
phase (45-50 seconds postcontrast), with breath-
hold instructions.

Two experienced clinicians (a radiologist and a
thoracic surgeon from each center), blinded to
histologic data, reviewed all scans. Nodules were
evaluated qualitatively and quantitatively.® All
assessments were performed on a dedicated
workstation using multiplanar reconstruction,
with a standardized lung window setting (width,
1500 Hounsfield units [HU]; level, —500 HU).

QUALITATIVE EVALUATION. For each pGGO, location
and morphology (rounded/spiculated) were
recorded. A pleural tag was defined as >1 linear
strands extending from the nodule to the pleural
surface.'® Bubble-like lucency referred to round/
oval areas of air attenuation within the nodule,
whereas the bronchus sign indicated a bronchus
entering the lesion on CT." The feeding vessel
type (arterial/venous) was also noted; attachment
to a pulmonary artery has been associated with
invasiveness.”” In nodules with dual vascular
supply, the Ilarger vessel was used for
classification.

QUANTITATIVE EVALUATION. Short and long di-
ameters were measured on axial and 2-dimen-
sional multiplanar reconstructions to determine
the maximum nodule size. CT attenuation was
measured in both unenhanced and postcontrast
phases. For unenhanced scans, attenuation was
assessed using a lung window (level, —500 HU;
width, 1500 HU), placing the region of interest in
the most representative part of the GGO, avoiding
vessels and bronchi. The same region of interest
was copied onto the arterial phase image to
ensure consistency. Lung parenchyma attenua-
tion was measured in a region of healthy paren-
chyma—free of vessels or bronchi—located at least
10 mm from the lesion. This was done on the
unenhanced scan using the same lung window
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settings. The difference in CT values was calcu-
lated as the GGO unenhanced CT value minus the
lung parenchyma CT value. The relative attenu-
ation was calculated as the ratio of the lung pa-
renchyma CT value to the GGO unenhanced CT
value.

STATISTICAL ANALYSIS. Continuous variables are
expressed as median and first and third quartile
(interquartile range (IQR]). Categorical variables
are expressed as number (percentages).
Nonparametric tests were used for group com-
parisons: the Mann-Whitney U test for 2 groups
and the Kruskal-Wallis test with the Dunn post
hoc correction for comparisons among>2
groups. Categorical variables were analyzed
using contingency tables to assess associations
and independence between variables. Kaplan-
Meier analysis was used to estimate lymph
node recurrence-free interval (LNRFI) at 1, 3,
and 5 years, with censoring of patients without
recurrence. Binomial logistic regression analysis
was performed to determine any significant
effects of IAC with respect to the control group
(explanatory variables: IAC vs non-IAC)
considered in interaction or otherwise with
round margins, percentage of acinar, lepidic,
papillary component, radiologic tumor size,

GGO unenhanced and postcontrast CT
attenuation, and bubble-like lucency as
dependent variables. The null hypothesis,

which excludes any effect of the explanatory
variable on the combination of dependent
variables (ie, that IAC has no effect on the
dependent variables, with a very small risk of
being wrong) was assessed. All statistical
analyses were conducted using GraphPad Prism
9.10.3 software (GraphPad Software) and Jamovi
software. A P value <.05 was considered
statistically significant.

RESULTS

Between January 2013 and June 2024, 474
pulmonary resections for adenocarcinomas
presenting as pGGOs were performed across 6
participating centers. We excluded 37 cases
due to lack of intraoperative lymphadenec-
tomy, 30 for inadequate preoperative CT, 4 for
lesion size >40 mm, and 3 for prior solid lung
cancer, resulting in 400 eligible pGGOs
(Figure 1).

Of these, 211 (52.8%) were from female pa-
tients. Patients were a mean age of 67.5 (SD, 8.9)
years. Radiologic and pathologic features are
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474 patients underwent pGGO
pulmonary resection (2013-2024)

| Patients excluded from the study

y

(n=174)

Inadequate lymphadenectomy

(n=37)
pGGO > 40 mm
n=4

Inadequate pre-operative CT study
(n=30)

Prior solid lung cancer

Patients included 1n the study (n=73)
(n=400)
|
Non-IAC IAC
(n=54) (n=346)
| |
MIA AIS
(n=40) (n=14)

FIGURE 1 Flowchart of patient selection and histologic classification. (AlS, adenocarcinoma in-situ; CT, computed
tomography; IAC, invasive adenocarcinoma; MIA, minimally invasive adenocarcinoma; pGGO, pure ground-glass opacity.)

detailed in Table 1. Most nodules were in the
upper lobes (273 [68.2%]). Mean radiologic
maximum diameter was 21.9 (SD, 8.8) mm. All
lesions were staged as cNO. Radiologically, 218
nodules (54.6%) had smooth margins, 263
(65.9%) showed pleural tags, 103 (25.9%) had
bubble-like lucency, and 183 (45.9%) had a bron-
chus sign. Arterial vascularization was observed
in 230 cases (58.2%). Mean GGO unenhanced CT
attenuation was —367 HU (range, —496 to —226
HU), and GGO arterial phase attenuation
was —405 HU (range, —566 to —182 HU). The
median difference CT value was —473 HU
(IQR, —617 to —342 HU), and relative attenuation
averaged 2 (range, 2-3).

Lobectomy was performed in 65.5% of cases,
segmentectomy in 26.0%, and atypical resection in
8.5%. Histology revealed 346 IACs (86.4%) and 54
non-IACs (40 MIA [10.0%] and 14 AIS [3.5%]). Lo-
bectomy was significantly more frequent in patients
with IAC (68.5%) compared with those with AIS or
MIA (46.3%, P = .005). Mean pathologic maximum
diameter was 17.7 mm (SD, 7.9 mm). Among IACs, 80
(23.1%) were pTia, 123 (35.5%) were pTib, 51 (14.7%)
were pTic, and 92 (26.6%) were pT2, including 36
with visceral pleural invasion. The predominant
growth patterns were acinar (50.3%), lepidic
(39.4%), and papillary (7.7%). A mean of 6.3 (SD,
5.1) lymph nodes was resected from N1 stations
and 5.6 (SD, 5.3) from N2 stations. All specimens



Ann Thorac Surg
2025;m: M-

CATELLI ET AL

PURE GGO ADENOCARCINOMA ANALYSIS

TABLE 1 Pure Ground-Glass Opacity Radiologic and Anatomopathologic Characteristics and Comparison Between Invasive
Adenocarcinomas and Minimally Invasive or In Situ Adenocarcinomas (non-I1ACs)
Total IAC Non-IAC
Variables (N = 400) (n = 346) (n = 54) 14
Age, y 69 (62 to 74) 69 (62 to 74) 67 (60 to 72) a7
Female sex 211 (52.8) 182 (52.6) 29 (53.7) .88
Location 54
Right upper lobe 167 (41.8) 152 (43.9) 15 (27.8)
Left upper lobe 106 (26.4) 89 (25.7) 17 (31.2)
Right middle lobe 15 (3.8) 12 (3.5) 3 (5.6)
Right lower lobe 66 (16.5) 54 (15.6) 12 (22.2)
Left lower lobe 46 (1.4) 39 (11.3) 7 (13.0)
Radiologic tumor size, mm 21 (15 to 27) 22 (16 to 28) 16 (12 to 22) <.001
cNO stage 400 (100) 346 (100) 54 (100) >99
Round margins 218 (54.6) 179 (51.7) 39 (72.2) .005
Pleural tag 263 (65.9) 238 (68.8) 25 (46.3) .001
Bubble-like lucency 103 (25.9) 92 (26.6) 1 (20.4) .36
Bronchus sign 183 (45.9) 165 (47.7) 18 (33.3) .05
Arterial vascularization 230 (58.2) 201 (58.1) 29 (53.7) .08
GGO unenhanced CT attenuation, HU —367 (—496 to —226) —336 (—450 to —200) —562 (—638 to —44T) <.001
GGO arterial CT attenuation, HU —405 (—566 to —182) —330 (—488 to —68) —567 (—611 to —440) <.001
Difference CT value, HU —473 (—617 to —342) —493 (—635 to —383) —313 (—404 to —241) <.001
Relative attenuation, mean (SD) 2.85 (15.78) 3.04 (17.2) 1.72 (0.69) <.001
Type of lung resection .005
Lobectomy 262 (65.5) 237 (68.5) 25 (46.3)
Segmentectomy 104 (26.0) 83 (24.0) 21 (38.9)
Atypical resection 34 (8.5) 26 (7.5) 8 (14.8)
Resected lymph nodes, n
N1 5 (1to 10) 6 (2 to 10) 3(1to 8) .02
N2 4 (2to 8) 4 (2to 8) 3(2to5) .01
Prevalent growth pattern <.001
Acinar 211 (52.7) 209 (60 to 4) 2(3.7)
Lepidic 147 (36.8) 95 (27.5) 52 (96.3)
Papillary 25 (6.2) 25 (7.2) 0
Other 17 (4.3) 17 (4.9) 0
Anatomopathologic tumor size, mm 17 (12 to 22) 18 (12 to 24) 12 (9 to 15) <.001
T stage
0 54 (13.6)
1a 80 (20.0)
b 123 (30.8)
1c 51 (12.8)
2a 92 (23.0)
N stage
0 400 (100) 346 (100) 54 (100) 1.000
Recurrence 1(0.2) 1(0.3) 0 .998
Data are shown as n (%) for categorical variables and as median (first, third quartile) for continuous variables or as indicated otherwise as mean (SD). P value indicates the
comparison between IAC and non-IAC. CT, computed tomography; GGO, ground-glass opacity; HU, Hounsfield units; IAC, invasive adenocarcinoma.

were pNoO. Median follow-up was 30 months (IQR,
18-35 months). LNRFI was 100% at 1, 3, and 5
years.

One patient experienced recurrence 76 months
after lobectomy. The original lesion was a spicu-
lated pGGO with high-risk features: maximum
radiologic diameter of 33 mm, pleural tag, arterial
vascularization,  bubble-like  lucency, and

bronchus sign. CT attenuation metrics showed an
unenhanced CT value of —80 HU, a difference CT
value of —586 HU, and a relative attenuation of
3.03. Histologically, the tumor was an IAC, pT2a,
with 100% acinar pattern. The recurrence involved
lymph nodal 4R station only. The patient was
treated with systemic therapy and remained alive
at the last follow-up.
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COMPARATIVE ANALYSIS BETWEEN IACS AND MIACS OR
NON-IAcS. The comparative analysis results
(focused primarily on radiologic features derived
from preoperative CT scans) (Figure 2) are presented
in Table 1. No significant differences were found
between IAC and non-IAC groups regarding age,
sex, or lesion location. pGGOs in the IAC group
were significantly larger (22 mm [IQR, 16-28 mm)]
vs 16 mm [IQR, 12-22 mm], P < .001). Smooth
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margins were more common in non-IACs (72.2% vs
51.7%, P = .005), whereas pleural tags (68.8% vs
46.3%, P = .001) and the bronchus sign (47.7% vs
33.3%, P = .05) were more frequent in IACs.
Arterial-dominant vascularization was slightly
more prevalent in IACs (58.1% Vs 53.7%) but not
statistically significant (P = .08). CT attenuation
values were significantly higher (less negative) in
IACs. Median attenuation in the unenhanced phase

difference CT value and relative attenuation.

FIGURE 2 Radiologic evaluation in preoperative computed tomography (CT) scan. The upper images show the (a) unen-
hanced and the (b) postcontrast CT acquisitions of an invasive adenocarcinoma (IAC), whereas the lower images display
the (c) unenhanced and (d) postcontrast phases of an adenocarcinoma in situ (AlS). The region of interest in the nodule
highlights the differences in density between IAC and non-IAC both in the unenhanced (a: —347 Hounsfield units [HU] vs
c: —588 HU) and postcontrast phase (b: —386 HU vs d: —548 HU). In images a and c, an additional region of interest is
placed in the surrounding normal parenchyma to obtain the parenchyma attenuation necessary for the calculation of the
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was —336 HU (IQR, —450 to —200 HU) in IACs
vs —562 (IQR, —638 to —477 HU) in non-IACs (P <
.001); and in the arterial phase was -330 HU
(IQR, —488 to —68 HU) vs -567 HU (IQR, —611
to —440 HU) (P < .001). The difference CT value
was higher in IACs (-493 HU [IQR, —635 to —383
HU] vs —313 HU (IQR, —404 to —241 HU], P < .001),
whereas relative attenuation was higher (3.04 [SD,
17.2] vs 1.72 [SD, 0.69], P < .001), reflecting greater
contrast with surrounding lung parenchyma.

Receiver operating characteristic (ROC) curve
analysis was conducted on quantitative radiologic
variables from unenhanced CT scans to identify
predictors of pGGO invasiveness (Figure 3). For
maximum lesion diameter, the highest odds
ratio (OR) of 0.906 was observed at a 17.9 mm
cutoff, with 59.3% specificity, 69.0% sensitivity,
and area under the curve (AUC) of 0.679 (95%
CI, 0.6027-0.7542; P < .0001). Unenhanced CT
attenuation showed the highest OR of 0.991
at —390 HU, with 92.6% specificity, 63.9%
sensitivity, and AUC of 0.383 (95% CI, 0.7878-
0.8874; P < .0001). The optimal cutoff for the
difference CT value was -411 HU (OR, 1.001),
yielding 85.2% specificity, 70.5% sensitivity, and
AUC of 0.803 (95% CI, 0.7562-0.8490; P <
.0001). For relative attenuation, the best cutoff
was 1.8 (OR, 0.992), with 72.5% specificity,
70.4% sensitivity, and AUC of 0.778 (95% CI,
0.7300-0.8249; P < .0001).

CATELLI ET AL
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The combined ROC curve analysis (Figure 4),
incorporating all 4 variables demonstrated that
only radiologic diameter >18 mm (P < .001) and
unenhanced attenuation exceeding -390 HU
P .03) were significant independent
predictors of invasiveness. Although the
difference CT value and relative attenuation
were both significantly associated with invasive
adenocarcinoma in univariate ROC curve
analysis (P < .001), they did not retain statistical
significance in the combined multivariable
model (P = .82 and P = .90, respectively). The
combined model yielded 75.9% sensitivity,
82.0% specificity, 81.2% overall accuracy, and an
AUC of 0.874.

COMMENT

This multicenter study analyzed 400 cases of
surgically resected pGGOs confirmed as primary
lung adenocarcinomas. To our knowledge, this
represents one of the largest multicenter cohorts
specifically focused on lymph node involvement
and radiologic predictors of invasiveness in ade-
nocarcinomas presenting exclusively as pGGOs.
Notably, no nodal metastases were identified,
even among the 346 cases (86%) of IAC. LNRFI
was 100% at 1, 3, and 5 years. These findings
strongly support the view that pGGOs—despite
frequent invasive  histology—represent a
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Sensitivity%
Sensitivity%

Difference CT value

CT attenuation

100 100-

50 50

Sensitivity%
Sensitivity%

Relative attenuation
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P value <0.0001
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FIGURE 3 Single receiver operating characteristic curve analyses to identify cutoff values for predicting ground-glass opacity invasiveness.
Receiver operating characteristic curves showing diagnostic performance of individual computed tomographic (CT) variables in distinguishing

invasive from noninvasive pure ground-glass opacities.
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Combined Receiver Operating Characteristics curve analysis — IAC vs. non-IAC
95% Confidence Interval 0.75
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Lower Upper
>
Intercept -3.00530 | 3.05835 -0.983 0.326 0.0495 1.23e-4 19.865 =
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Difference CT value 8.52e-4 0.00372 0.229 0.819 1.0009 0.994 1.008 G%)
n
Relative attenuation -0.00845 0.06743 -0.125 0.900 0.9916 0.869 1.132
CT max diameter -0.09808 | 0.02429 -4.038 <.001 0.9066 0.864 0.951 0.2
CT unenhanced attenuation | -0.00785 | 0.00352 -2.233 0.026 0.9922 0.985 0.999
Estimates represent the log odds of "IAC vs non-IAC = non-IAC" vs. "IAC vs non-IAC = IAC"; CT: Computed 0.00
Tomography; SE: standard Error . . v v .
0.00 0.25 0.50 0.75 1.00
1 - Specificity
Predictive Measures
Accuracy Specificity Sensitivity AUC
0.812 0.820 0.759 0.874
FIGURE &4 Combined receiver operating characteristic curve analysis to predict the pure ground-glass opacity invasiveness. (CT, computed
tomography; IAC, invasive adenocarcinoma.)

biologically indolent cancer subtype with
extremely low metastatic potential. Our results
are in line with previous studies reporting mini-
mal nodal involvement in pure GGOs,">'* raising
questions about routine systematic
lymphadenectomy.  Given the  potential
morbidity associated with lymphadenectomy
(bleeding, chylothorax, and nerve injury), its
omission in selected patients could be both safe
and beneficial.

In addition, our study highlights key radiologic
predictors of histologic invasiveness. ROC curve
analysis demonstrated that a diameter >18 mm
and an unenhanced CT value exceeding —390 HU
accurately predicted invasiveness (sensitivity,
75.9%; specificity, 82.0%; AUC, 0.874), in agree-
ment with prior evidence supporting the prog-
nostic role of size and density." Interestingly, the
difference CT value and relative attenuation both
demonstrated a significant association with
invasiveness in the univariate ROC curve
analysis, supporting their potential relevance in
distinguishing IAC from non-IAC. However,
when these variables were evaluated within the
combined multivariable ROC curve model, their
predictive power was no longer statistically sig-
nificant, their influence being likely redundant
with stronger predictors such as size and CT
attenuation.

CECT attenuation was also significantly higher
in IACs than in non-IACs, suggesting that contrast
enhancement may reflect increased vascularity
associated with invasiveness. These findings
support the role of CECT as a valuable adjunct to

HRCT in preoperative assessment and risk strati-
fication. Lastly, qualitative well-known features,
such as spiculated margins,'® pleural tags, and
bronchus sign, were significantly more frequent
in invasive lesions, suggesting subtle invasive
behavior beyond size and density. These
features may aid surgical planning and risk
evaluation, especially in borderline cases.

Our cohort reveals marked differences
compared with findings reported in Asian series,
such as those by Li and colleagues* and Eguchi
and colleagues.'”” Whereas in their studies ~74%
to 78% of pGGOs were classified as AIS or MIA,
86.4% of lesions in our population were IAC.
This discrepancy may reflect underlying
biological differences in tumor behavior
between populations, or alternatively, a more
conservative surgical approach adopted by our
centers when selecting pGGOs for resection.

A comparison with the recent randomized
controlled trial by Zhang and colleagues' is
valuable but must be contextualized. Unlike
their trial, which included only IACs with a
consolidation tumor ratio <0.5, our study
included both invasive and noninvasive pGGOs.
The inclusion of non-IACs aimed to explore im-
aging features predictive of invasiveness—poten-
tially supporting preoperative decision-making
on which lesions to refer for surgery—an aspect
not addressed by Zhang and collueagues,” who
focused solely on the necessity of mediastinal
lymph node dissection.

Our study included both anatomical and non-
resections; however, no lymph node involvement
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was observed in any subgroup, indicating that the
type of surgical resection, when radical, does not
impact nodal status. Lastly, our cohort was
limited to pGGOs, excluding GGO-dominant le-
sions with solid components; thus, consolidation
tumor ratio was not a relevant variable, and we
applied a broader inclusion threshold of <40 mm
to better reflect real-world clinical practice.

In the current landscape, artificial intelligence
and radiomics are rapidly advancing in imaging,
offering great promise, but requiring specialized
software. In contrast, the variables identified in
our study are readily accessible using standard
imaging software available in most clinical set-
tings, and obtainable quickly and reliably by ra-
diologists or clinicians during routine image
review. As such, they offer a practical, cost-
effective means of stratifying risk and guiding
surgical planning, making them suitable for
widespread clinical adoption.

CLINICAL IMPLICATIONS.

Precision resection strategy. In our study, we
observed a high proportion of lobectomies for
non-IACs, which raises concerns about potential
overtreatment. Given the simplicity and repro-
ducibility of the invasiveness predictors
analyzed, in pGGOs with a diameter >18 mm and
density exceeding —390 HU, a more extensive
surgical approach may be justified against a
potentially invasive disease, whereas lesions
below these thresholds may be suitable for sub-
lobar resection, without compromising oncologic
safety. Given the absence of nodal involvement
and the excellent LNRFI observed in our cohort,
the routine use of lymphadenectomy in pGGOs
may be unnecessary, potentially reducing opera-
tive morbidity and surgery time.

Guiding follow-up and surveillance. As lung cancer
screening becomes widespread,'® incidental
detection of pGGOs is increasing. Monitoring for
changes in size (growth >18 mm) or attenuation
(crossing the —390 HU threshold) during serial
imaging can help identify lesions progressing
toward invasiveness. In fact, part-solid nodules
frequently evolve from pGGOs, representing a
natural continuum in tumor aggressiveness.
Although this progression rarely results in unre-
sectability due to the typically slow growth rate,
it is associated with worse prognosis and thus
warrants timely intervention."”” Incorporating
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these thresholds into follow-up protocols may
refine risk stratification and surgical timing.
Management of multiple GGOs. In patients present-
ing with multiple GGOs, our findings offer a
practical approach to lesion prioritization.
Applying the identified radiologic criteria allows
clinicians to target nodules with the highest
probability of invasiveness, thereby optimizing
treatment plans. This individualized strategy
aligns with current recommendations advocating
tailored management based on lesion-specific
characteristics.

LimiTATIONs. This study presents several limita-
tions. First, its retrospective design may intro-
duce selection and information bias. Another
limitation is the lack of a standardized surgical
indication protocol across participating centers.
Although all institutions applied consistent
radiologic criteria for identifying pGGO, the de-
cision to proceed with surgery may have been
influenced by local expertise and clinical judg-
ment. Moreover, the exclusive inclusion of sur-
gically resected pGGOs precludes direct
evaluation of the natural history of lesions
managed with active surveillance.

CONCLUSIONS. pGGOs, even when invasive, carry
minimal risk of lymph node involvement or
recurrence. These findings support a paradigm
shift toward de-escalation of lymphadenectomy
in patients with pGGOs, ultimately reducing
surgical morbidity without compromising
oncologic efficacy. Simple and reproducible CT
measurements—particularly lesion size and
attenuation—provide a strong predictive value
for histologic invasiveness and may guide a
more individualized surgical approach.
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