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Predicting factors of ground-glass lung nodule for growth
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Introduction

Adenocarcinoma accounts for more than 50% of lung
malignancy. Most patients with early-stage adenocarcinoma
have no symptom, and a lung nodule detected at radiologic
examination is common their initial finding. Small lung
adenocarcinomas have been increasingly detected, and this
trend is anticipated to increase due to recent advances in
diagnostic technologies along with the advent of low-dose
CT screening for lung cancer (1).

Ground-glass opacity (GGO) on CT is a hazy increased
attenuation area of the lung but with preservation of
bronchial and vascular markings, and lung nodule
with GGO is named ground-glass nodule (GGN) (2).
Adenocarcinomas are the most prevalent malignant lesions
showing GGNs on CT. Although initial CT assessment of
margins and internal characteristics are sometimes useful
for a differential diagnosis of GGNS, other various lesions
share some of the same adenocarcinoma CT findings.
Malignant potential and identifying risk of aggressive
behavior of GGNs has been attracting interest.

The revised Fleischner Society Guidelines for
management of pulmonary nodules were recently published
in 2017 (3). These guidelines for nodule management are
based on estimations of the individual risk of malignancy.
The solid nodule managements differ with size, number
(single/multiple), and clinical risk factors, including age,
smoking, upper lobe location, and history of lung cancer.
For GGN, the managements differ with size, number
(single/multiple), and internal characteristics (pure GGN or
part-solid GGN), but clinical risk factors are not considered
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in this type (in a summary table) at this time. Although
predicting factors of GGNs on CT for growth have not
been largely unknown, several interesting studies which
attempted to explore them were recently published.

Growth predictors of GGNs

Shewale er al. retrospectively reviewed 210 patients with
a history of lung cancer and ensuing CT evidence of
GGNs, and reported that 55 (26%) patients” GGNs were
stable, 131 (62%) resolved, and 24 (11%) progressed (4).
Of the 24 GGOs that progressed, 3 were subsequently
diagnosed as adenocarcinoma. On multivariable analysis,
only prior adenocarcinoma emerged as a predictor of
GGN progression (OR =6.9, P=0.011), whereas history of
squamous cell carcinoma or small cell carcinoma and white
race were identified as predictors of GGN resolution.
According to the previous reports, the frequency with
which pure GGNs increase in size or grow the solid
component for many years is approximately 10-25% (5-9).
Due to the slow growth of GGNs, long-term observation
is needed to clarify whether they are GGNs with tendency
of growth or those without growth. Cho et 4/. evaluated
453 GGNs (438 pure GGNs and 15 part-solid GGN)
confirmed by CT scans with a thickness of 1 to 3mm and
they were each followed up for a minimum of 3 years (10).
Of the 453 nodules, 15 GGNs that had remained stable for
the initial period of 3 years showed subsequent growth, and
the frequency was 3.3% (15 of 453) for the nodule-based
analysis. On multivariate analysis, age 65 years or older
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(OR =5.51), history of lung cancer (OR =6.44), initial size
8 mm or larger (OR =5.74), presence of a solid component
(OR =16.58), and air bronchogram (OR =5.83) were
independent risk factors for subsequent GGN growth.

There is another recent report attempting to link
the growth of GGNs, imaging characteristics, and gene
mutation. Xu et al. evaluated 69 GGNs which were followed
up for 5 years to test the prediction model, and identified
independent variables that could predict the volume
doubling time (VDT) (11). In this study, the growing GGNs
showed significantly larger initial volume on CT, maximum
CT attenuation (MAX), mean CT attenuation (MEN),
standard deviation of CT attenuation (S§TD) than the stable
ones (P<0.05). In addition, they performed multivariate
linear stepwise regressions based on the 203 independent
patients with GGNs that were confirmed adenocarcinoma
to calculate P53-labeling index (LI) prediction from CT
measurements, and the P53-LI prediction, calculated
as 0.013 x MEN + 0.024 x STD + 9.741, demonstrated
excellent performance in predicting growth of GGNs
(AUC =0.833, P<0.001), and independently forecasted VDT
of GGNs (B-coefficients =1.773, P<0.001). The authors
concluded that the P53-LI prediction that was calculated
from quantitative CT measurements of GGNs allows for
predicting growth of GGNEs.

Summary and comments

In recent years, predicting factors of GGNs for growth
has been gradually revealed. A number of researchers
have attempted to correlate CT findings with pathological
prognostic factors and survival in adenocarcinomas showing
GGNs and have reported that the adenocarcinomas
GGO component can be a good predictor of lymph node
metastasis and larger GGO component in adenocarcinoma
correlates with favorable outcome (12-16). However,
predicting growth of GGNs seems not to be as simple
as them.

Because of more indolent growth for cancerous
GGNs, longer initial follow-up intervals and longer total
follow-up periods are recommended for GGNs than for
solid nodules. Meanwhile, most GGNs are stable for 3
to 4 years and nearly 1% of solitary pure GGNs 5 mm
or smaller may develop into adenocarcinomas over many
years (5). Repeated CT scans over several years has non-
negligible harms, such as anxiety, radiation exposure, and
false positives results. Therefore, risk-based follow-up
management for them is greatly desired.
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Many more further studies from diversified standpoints
are certainly needed to be able to identify factors
affect the progression of GGNs and to establish the
robust prediction model. Radiogenomics analysis that
simultaneously attempted to link the growth of GGNs,
imaging characteristics, and gene mutation, such as the
aforementioned clinical study by Xu, might be a valuable
idea (17). The analysis by advanced artificial intelligence
may also be a promising way to elucidate it. Consideration
of suitable management that achieves the most benefit for
the patients with GGNs would have to be continued.
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