
Abstract. Background/Aim:  This study determined whether
computed tomography (CT) is an appropriate means by which
to differentiate non-invasive and minimally invasive forms of
pulmonary adenocarcinoma from the invasive variant.
Patients and Methods: A total of 64 patients (38 men and 26
women, aged 42-76, mean age 64), who underwent surgery
for pulmonary adenocarcinoma and a chest CT no less than
1 month before surgery, were included in the study. Lesions
exhibiting ground glass opacity or ground glass opacity with
a solid component of 5 mm or smaller, were defined as
minimally invasive or non-invasive adenocarcinomas. CT
findings were correlated with histopathological examination.
Results: Distinguishing minimally invasive and non-invasive
adenocarcinoma from invasive adenocarcinoma using CT was
achieved with a sensitivity of 77.7%, a specificity of 97.8%, a
positive predictive value of 93.3%, and a negative predictive
value of 91.8%. Conclusion: CT can be useful in assessing the

degree of invasiveness of pulmonary adenocarcinoma and is
a potential tool for the individualization of treatment. 

The world has seen a dramatic rise in the incidence of lung
cancer in the past century. This, once rare, disease has
become a serious socio-economic problem; it is currently the
most common cancer and the leading cause of cancer death
worldwide. Adenocarcinoma is the most widespread type of
pulmonary cancer (1). Advances in radiological imaging
techniques, as well as research into the various aspects that
affect the tumour’s proliferation, have prompted novel
approaches to adenocarcinoma’s diagnosis and treatment,
resulting in a new classification in 2011, which was then
incorporated into the latest revision of the WHO lung cancer
classification. Among other changes, the adenocarcinoma
originally named bronchioloalveolar carcinoma was
reclassified (2). 

Stage 1 and sometimes stage 2 lung adenocarcinoma
(atypical adenomatous hyperplasia, in situ adenocarcinoma,
and minimally invasive adenocarcinoma) have a very good
prognosis as a result of their slow growth rate (3). Radical
removal of these tumours results in up to 100% survival
rates. According to some studies, partial resection can be
successfully used as a therapeutic method instead of
lobectomy, where appropriate (4). A computed tomography
(CT) image usually shows a subsolid nodule, i.e., growth of
abnormal tissue with ground glass opacity exhibiting a solid
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component that is either absent or minimal. Ground glass
opacity corresponds to the parts of the tumour showing the
lepidic pattern of growth (5). Lepidic growth is defined as a
pattern of cell proliferation along the lining of the alveolar
structures and bronchioles of the lung; the stroma and blood
vessels remain unaffected. The invasive component
correlates with a solid tumour component. 

A histological examination should show that the invasive
component is not present in non-invasive forms and does not
exceed 5 mm in minimally invasive forms. Invasive variants
that have a worse prognosis, are diagnosed on the basis of
histological examinations that reveal an invasive component
that is larger than 5 mm. These lesions can sometimes
produce images of consolidation resembling pneumonia,
pulmonary infarction, or diffuse involvement similar to
interstitial lung disease (6). 

Our retrospective study set out to assess the extent to
which CT imaging is useful in making a distinction
between non-invasive and minimally invasive types of
pulmonary adenocarcinoma, using the size of the solid
component as the determining factor. An accurate diagnosis
using CT imaging can lead to more precise prognoses and
individually-tailored therapy. All imaging and surgical
procedures were performed after an informed consent was
obtained; the study was conducted in concordance with
Helsinki declaration.

Patients and Methods

A total of 64 patients (38 men, 26 women, mean age 64 years) who
were treated at our institution between January 2015 and August
2019 were enrolled in the study. All had been diagnosed with
adenocarcinoma based on a histological examination and
undergone surgery for peripheral lung cancer following a
preoperative finding of a subsolid nodule using CT. The CT scans
were performed no longer than a month before surgery using
Somatom Definition AS and Somatom Definition Flash
multidetector devices (Siemens Healthineers, Erlangen, Germany).
An edge enhancement algorithm was applied to the images of the
lung nodules and they were then examined on thin sections with a
collimation of 0.6 mm. The stage was determined after the
application of Iomeron 350 (Bracco, Milan, Italy), a contrast
solution. The volume of the contrast solution was 80 ml and the
application rate was 3 ml/s. 

The radiologist examining the images was blinded to the results
of the histological examination. All nodules were subjected to a
three-dimensional analysis; the dimensions of the entire nodule and
the solid component were automatically taken using the Syngo.via
oncology software (Siemens Healthineers, Erlangen, Germany)
(Figure 1). 

The nodule size was calculated as the average of the largest and
perpendicular dimensions. Nodule size was then assessed in view
of the histopathological findings: a nodule no larger than 3 cm with
a solid component no larger than 5 mm was defined as a non-
invasive or minimally invasive tumour variant. Volume doubling
time was calculated for the nodules that were followed-up.

Results

The assessment performed using CT imaging was successful
in identifying 14 out of 18 histologically-assessed minimally
invasive or non-invasive tumours. False positivity occurred
in 4 cases. Out of 46 histologically-assessed invasive cases
45 were identified correctly using CT imaging alone. False
negativity occurred in one case. 

The use of CT for distinguishing non-invasive and
minimally invasive variants of peripheral pulmonary
adenocarcinoma, succeeded with 77.8% sensitivity, 97.8%
specificity, a positive predictive value of 93.3%, and a
negative predictive value of 91.8%. The doubling time was
determined in 28 patients, who had multiple subsequent
check-ups: 677 days for non-invasive and minimally invasive
variants and 588 days for invasive variants on average.

Discussion

The results of our study demonstrate that CT imaging is a
tool capable of aiding health practitioners in making a
distinction between invasive, minimally invasive, and non-
invasive tumour variants (as defined by the current WHO
classification). Prognosis, as well as the individualization of
treatment, can be affected by this distinction; namely, the
timing of surgical treatment, the extent of resection and the
decision to commence systemic treatment. The extent of the
solid tumour component can be used as a predictor of
invasiveness (7). 

CT sensitivity was reduced mainly in the case of false
positives, caused by an overestimation of the size of the solid
tumour component. One reason for this decreased sensitivity
is that ground glass opacities and the solid component of a
tumour are separated by a gradual transition, making the
boundary separating them difficult to identify. Furthermore,
the collapsed lung, fibrous tissue, or mucin accumulation
may all imitate solid tumorous tissue. 

Two possible solutions to this problem exist: firstly, the
use of a mediastinal window that filters out lower densities
could be used to assess the solid component (8). Secondly,
mathematical and statistical methods used for texture
analysis have been shown to hold promise (9). 

It is important to note that the finding of a subsolid
pulmonary nodule does not necessarily indicate the presence
of an adenocarcinoma. According to the literature, 37% to
70 % of these nodules may be benign, of inflammatory or
infectious origin (10). It is therefore common practice to
monitor subsolid, as well as solid, nodules that are smaller
than 8 mm. 

It is generally accepted that a doubling time between 30-400
days indicates the potential malignancy of a nodule. It is
nevertheless evident from our analysis, as well as from other
sources, that the doubling time of a subsolid nodule may be
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longer. Longer monitoring intervals are therefore recommended
for subsolid nodules. According to the recommendations of the
Fleischner Society, subsolid nodules should be monitored for
up to 5 years following the diagnosis, as opposed to the two-
year follow-up recommended for solid nodules (11). 

The performance of PET/CT with fluorine-18 labelled
fluorodeoxyglucose (18F-FDG) presents an alternative
method for the evaluation of subsolid pulmonary nodules.
18F-FDG has been shown to accumulate in the invasive
component, but not in the non-invasive component.
Unfortunately, mucinous tumour variants present a hurdle in
the use of this method, as they may not show increased 18F-
FDG uptake despite the presence of the invasive component.
It should also be noted, that nodules smaller than 5-8 mm
may give rise to false negatives due to their small size and
that inflammatory consolidations, such as FDG tumours,
may accumulate and be a source of false positives. The use
of CT imaging in such cases can help and compensate for
the above-mentioned problems (12). 

Our study was limited by a relatively small cohort, its
retrospective nature and the fact that we assessed the
maximum dimensions of the nodules and their solid
components, but not their volumes. This was due to the
correlation made with histological examination, where
volumes cannot be measured.

In conclusion, the CT pattern of pulmonary adenocarcinoma
can be used as a biomarker of tumour invasiveness.
Information on the degree of tumour invasiveness is useful not
only in making a prognosis, but also for the purpose of
individualizing treatment. Its correct identification plays a role
in the timing of surgical treatment, the extent of resection and
the decision to commence systemic treatment.
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Figure 1. Three-dimensional analysis of the semisolid nodule in the upper right lobe: the whole node and the solid component were measured
separately.
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