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PURPOSE
We aimed to assess the relation between basic clinical parameters and evolution of solitary pure
ground-glass nodules (pGGN) in the lungs.

METHODS

Baseline and follow-up computed tomography (CT) of patients with solitary pGGN were selected
and two radiologists independently reviewed CTs for nodule characterization. CT features of sol-
itary pGGN were manually measured maximum diameter (D1) and its orthogonal diameter (D2),
mean diameter (mD), D1 to D2 ratio as surrogate of roundness, and location according to lobar
anatomy. Longitudinal changes were assessed and solitary pGGNs were classified as resolved or
persisting. Persisting nodules were further classified as stable or grown according to an increase in
mD of =2 mm or appearance of solid component. Baseline CT features of solitary pGGNs and clin-
ical metrics of patients were compared between resolved and persisting nodules and, thereafter,
between stable and grown lesions.

RESULTS

A total of 95 subjects with solitary pGGN were included. After a median 16-month follow-up, 20
nodules resolved, while 75 persisted. Among persisting nodules, 18 were grown and 57 were sta-
ble. Grown nodules showed larger D1 and mD compared with stable pGGNs (P < 0.001). Subjects
with grown nodules were older (P = 0.021). Logistic regression analyses showed higher likelihood
of growth for nodules =10 mm (odds ratio [OR], 8.355; P=0.001) and subjects older than 67 years
(OR, 3.656; P=0.034).

CONCLUSION
Nodules =10 mm in subjects older than 67 years showed higher likelihood of growth. These data
could contribute to a more individual approach to the management of solitary pGGN.

ure ground-glass nodules (pGGN) are a common finding on computed tomography
(CT) of the chest (1). Although often benign, they can also represent adenocarcinoma,
notably adenocarcinoma in situ or minimally invasive adenocarcinoma (2). Current
guidelines for the management of incidentally found pGGN are based on size and recom-
mend follow-up of lesions bigger than 5 mm for at least three years (3, 4). The radiation and
patient anxiety of such long follow-up period could be considered as problematic (5).
Unlike recommendations for solid nodules, follow-up of pGGN does not take smoking
history into account (6). Moreover, they do not take into account age and other basic clin-
ical parameters. However, previous publications have shown an association between lung
nodule evolution and these parameters (7).
The purpose of our study was to assess the relation between basic clinical parameters
and the evolution of solitary pGGNSs.

Data selection

The institutional review board approved this retrospective study and individual con-
sent was waived. The goal of our data search was to identify all patients who had an inci-
dental solitary pGGN on a CT examination of the chest and a follow-up CT examination
because of this nodule. Using the computerized radiology information system of our ter-
tiary care hospital, reports of chest CTs performed between January 2008 and December
2011 were searched for the terms “ground-glass nodule” or “subsolid nodule” (Fig. 1) (8).
A radiologist (MS with four-year experience in clinical chest CT and two-year experience
in lung cancer screening CT) reviewed the CTs and selected subjects with solitary pGGN
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with maximum diameter 5-30 mm. All
cases with part-solid nodule or multiple
GGNs were excluded. Moreover, subjects
with CT signs of pneumonia, pulmonary
embolism, and inhalational or interstitial
lung disease were excluded because the
abnormalities seen in these patients could
mask potential GGNs.

Age, gender, and oncologic history were
collected from the clinical database of the
hospital and recorded for each patient. In-
cluded patients were categorized according
to the history of neoplasm. Patients in their
radiologic follow-up for treated malignancy
were selected, whereas subjects undergo-
ing CT for preoperative cancer staging were
excluded from this study.

CT technique

Several CT scanners were used for the
acquisition in clinical activity: Somatom
Emotion 6, Somatom Emotion 16, Soma-
tom Sensation Cardiac 64, Somatom Defini-
tion Flash 128x2 (Siemens Medical System).
Acquisition and reconstruction parameters
were set according to subject biometrics
and clinical inquiry: 100-140 kV, 30-120
mAs, pitch 0.2-3.4, rotation time 280-500
ms, slice thickness 0.7-2.5 mm, reconstruc-
tion interval 0.7-2.5 mm, high-spatial-fre-
quency algorithm (b70 kernel), and lung
parenchyma window (width 1600, level
-600). All chest CTs included in this study
were unenhanced examinations.

CT features of pGGN

At baseline CT, the following features of
PGGN were assessed: a) maximum diame-
ter measured by electronic caliper (D1); b)
diameter orthogonal to D1 (D2); c) mean
diameter (mD) as the mathematical mean
of D1 and D2; d) the ratio of D1 and D2, as
a surrogate for spherical shape; e) location,
according to lung lobar anatomy.

At follow-up CT, persistency of the nod-
ule was assessed and each pGGN was clas-
sified as resolved (Fig. 2) or persisting. Re-

¢ There is a positive association between the size
of pure ground-glass nodule (pGGN) at baseline
(>10 mm) and the likelihood of nodule growth.

* Oncologic history was not related to CT
evolution of pGGN, whereas there was a
positive association between age (>67 years)
and the likelihood of nodule growth.

« Longer follow-up intervals could be considered
for smaller pGGNs in younger patients to
reduce radiation exposure.

22.451 chest CTs
(from January 2008
to December 2011)

220 subjects selected by
key words

188 paired baseline and
follow-up CT

95 subjects with
solitary pGGN

] 32 cases with only one CT

93 cases with psGGN or
multiple GGNs or lung
abnormalities

20 resolved
solitary pGGNs

l

75 persisting
solitary pGGNs

57 unchanged
solitary pGGNs

|

18 grown
solitary pGGNs

Figure 1. STARD chart showing the selection and classification of solitary pGGNs. CT, computed
tomography; pGGN, pure ground-glass nodule; psGGN, part-solid ground-glass nodule.

Figure 2. a, b. Resolved solitary pure ground-glass nodule. Subpleural lesion is seen on baseline CT
(a), but it disappeared at follow-up CT (b), three months later.

solved pGGNs were those that disappeared
completely. Persisting pGGNs were further
classified as stable (Fig. 3) or grown (Fig. 4).
In particular, signs of growth were defined
as:a) mD increase =2 mm (9, 10) ; b) appear-
ance of solid component.

Two radiologists with 12-year experience
in clinical chest CT and eight-year experience
in lung cancer screening CT measured all
nodules independently. The mathematical
means of D1, D2, mD, and D1/D2 between
the two radiologists were used to describe
the nodules. Differences in growth classifica-
tion were resolved by consensus.

Statistical analysis

The Kolmogorov-Smirnov normality
test was used to assess the distribution
of data. Because part of the data was not
normally distributed, the results were
shown as median and interquartile range
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(IQR, 25%-75%), and nonparametric tests
were used.

The Mann-Whitney U test was used to as-
sess differences in continuous baseline CT
features and clinical data between pGGNs
with different longitudinal evolution. The de-
pendence of pGGN behavior on categorical
baseline CT features and clinical data was test-
ed by the Fisher’s exact test or Chi-squared
test. Relationship of pGGN behavior with re-
spect to baseline CT features and clinical data
was tested by logistic regression analysis. The
odds ratio (OR) and its 95% confidence inter-
val (95% Cl) were reported. The optimal cutoff
values of lesion size and subject age were cal-
culated by the analysis of receiver operating
characteristic (ROC) curve. The area under the
curve (AUC) was calculated for this model.

Theinterobserver variability was assessed
by the intraclass correlation coefficient (ICC)
for continuous variables, and the Cohen k
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Figure 3. a, b. Persisting stable solitary pure ground-glass nodule (pGGN). Solitary pGGN of the right
middle lobe showed same CT features at baseline (a) and at follow-up (b), 19 months later.

Figure 4. a, b. Persisting grown solitary pure ground-glass nodule. Subsolid lesion is displayed at
baseline CT (a). The lesion increased in size and solid component appeared at follow-up CT (b), 17
months later.

was used to describe the inter-rater agree-
ment on categorical variables.

Statistical analysis was performed by
Prism 5 (GraphPad Software, Inc.) and Med-
Calc 12 (MedCalc Software). P value < 0.05
was considered significant.

A total of 95 subjects with solitary pGGN
were selected from the database. CT fea-

tures of pGGN at baseline and clinical data
are reported in Table 1. After a median CT
surveillance of 16.6 months, 20 pGGNs
resolved (21.1%; median follow-up time
14.3 months) whereas 75 persisted (78.9%;
median follow-up time 18.3 months; P =
0.201). Baseline CT features and clinical
data of resolved and persisting nodules are
reported in Table 2. In particular, resolved
pGGNs had significantly bigger D1 and mD
compared with persisting lesions (D1: 11.5

vs. 7.9 mm, P = 0.015; mD: 9.9 vs. 7.3 mm,
P =0.027). Also D2 showed a tendency for
larger values in resolved nodules compared
with persisting ones (median [IQR]: 7.5 mm
[6.0-11.5 mm] vs. 7.0 mm [5.5-9.0 mm], P =
0.066). Age, oncologic anamnesis, spherical
shape, and lobar distribution were similar
between resolved and persisting pGGNs.

Among the persisting 75 pGGNs, 57 (76%)
remained stable and 18 (24%) grew (medi-
an follow-up time, 15.4 vs. 20.8 months; P
= 0.374). Among grown pGGNSs, nine (50%)
showed only mD increase (median, 2.5 mm;
IQR, 2.0-3.6 mm) whereas nine (50%) dis-
played appearance of solid component and
various mD change (median, 1.0 mm; IQR,
-3.0 mm to 6.8 mm). Baseline CT features and
clinical data of stable and grown nodules are
reported in Table 3. Gender, oncologic anam-
nesis, spherical shape at baseline, and lobar
location were similar between stable and
grown nodules. Subjects with grown pGGN
were older than those with stable nodules
(P = 0.021), however, the difference in age
was not clinically substantial. Grown nod-
ules showed bigger D1 (13.0 vs. 7.5 mm; P <
0.01) and mD at baseline (11.3 vs. 6.8 mm; P
<0.001) (Table 3 and Fig. 5).

The logistic regression analysis of base-
line CT features and clinical data of persist-
ing solitary pGGNs showed increased like-
lihood of growth for nodules with mD =10
mm (OR, 8.355; 95%Cl, 1.674-41.691; P =
0.001) and subjects older than 67 years (OR,
3.656; 95% Cl, 1.185-11.28; P = 0.034). Spe-
cifically, forany 1 mm of increase in baseline
mD the likelihood of growth proportionally
increased (OR, 1.496; 95%Cl, 1.226-1.824;
P < 0.001). The likelihood of growth was
not related to gender (P = 0.191), oncolog-
ic anamnesis (P = 0.241), spherical shape
(P = 0.694), or lobar localtion (P = 0.984).
The ROC curve analysis showed an AUC of
0.824+0.05 (95%Cl, 0.719-0.902; P = 0.015)
for nodules with mD >10 mm at baseline in
subjects older than 67 years.

The comparison of nodule character-
istics between the two radiologists is re-
ported in Table 4. In particular, the best ICC
was observed for D1 (ICC=0.937) and mD
(ICC=0.972), as well as for the change of
these two parameters along the follow-up
period (ICC=0.949 and ICC=0.953, respec-
tively). The agreement on the appearance of
solid component was very good (k=0.946).
Notably, radiologist 2 rated one appearance
of solid component that was not reported
by radiologist 1. For this case, consensus was
established for appearance of solid compo-
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Table 1. Baseline CT features and clinical data for

all pGGNs
Gender Female 40 (42.1)

Male 55(57.9)
Oncologig Negative ~ 35(36.8)
anamnests Positive 60 (63.2)
Age (years) 66.3 (56.9-74.7)
D1 (mm) 9.0(7.0-13.0)
D2 (mm) 7.0(5.5-9.5)
mD (mm) 8.0(6.5-10.9)
Round shape (D1/D2) 1.25(1.14-1.44)
Lobar location RUL 39

RML 1

RLL 19

LUL 23

LLL 13

Categorical data are reported as absolute number and numer-
ic data are reported as median (interquartile range).

CT, computed tomography; pGGNSs, pure ground-glass nod-
ules; D1, maximum diameter; D2, orthogonal diameter; mD,
mean diameter; RUL, right upper lobe; RML, right middle lobe;
RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe.

nent. Moreover, the agreement on the evolu-
tion of nodules was very good (k=0.884; Fig.
6). In particular, complete agreement was
observed for resolved nodules; there was
agreement about growth classification in 68
of 75 persisting solitary pGGNs, whereas dif-
ferent growth classification was assigned by
the radiologists in seven persisting nodules.
These seven solitary pGGNs tended to have
bigger D1 and mD at baseline and smaller
change in D1 during the follow-up period
(although the differences were not statisti-
cally significant: P = 0.057, P = 0.053, and P
= 0.150, respectively); also, these seven nod-
ules had significantly smaller change of mD
during the follow-up period compared with
the 68 persisting nodules that were agreed
upon (P =0.004).

Our study showed that incidentally de-
tected solitary pGGN on CT may resolve, be
stable or grow, with a likelihood of growth
that is directly related to the size of the nod-
ule and age of the subject, but not to gender
and oncologic history. Indeed, incidentally
detected pGGN grew faster when they were
bigger and in older subjects, as opposed to
small nodules in younger subjects.

One fifth of incidentally detected solitary
pGGNs resolved at follow-up CT. This rate of
nodule resolution is similar to that reported
in the literature (11, 12). In particular, au-

Table 2. Baseline CT features and clinical data are reported for resolved or persisting pGGNs

Resolved Persisting
n=20 n=75 2

Gender Female 7 34 0.407

Male 13 41
Oncologic anamnesis  Negative 6 29 0.500

Positive 14 47
Age (years) 63.1(55.4-75.9) 68.2 (57.3-74.6) 0414
D1 (mm) 11.5(8.1-17.3) 79(7.1-11.9) 0.015
mD (mm) 9.9(7.1-14.3) 7.3(5.9-10.5) 0.027
Round shape (D1/D2) 143 (1.17-1.51) 1.25(1.14-1.39) 0.103
Lobar location RUL 9 30 0.688

RML 0 1

RLL 4 15

LUL 3 20

LLL 4 9

Categorical data are reported as absolute number and numeric data are reported as median (interquartile range).
CT, computed tomography; pGGNs, pure ground-glass nodules; D1, maximum diameter; mD, mean diameter; D2, orthogo-
nal diameter; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe.

Table 3. Baseline CT features and clinical data are reported for stable and grown solitary pGGNs

Stable Grown
n=57 n=18 ¥
Gender Female 27 7 0.529
Male 30 11
Oncologic anamnesis  Negative 20 9 0.257
Positive 37 9
Age (years) 66.2 (51.7-73.4) 70.4 (66.8-75.9) 0.021
D1 (mm) 7.5 (6.0-9.1) 13.0(12.0-22.5) <0.001
mD (mm) 6.8 (5.7-8.3) 11.3(10.3-18.8) <0.001
Round shape (D1/D2) 1.25(1.14-1.37) 1.31(1.11-1.63) 0.216
Lobar location RUL 22 8 0453
RML 1 0
RLL 11 4
LUL 14 6
LLL 9 0

Categorical data are reported as absolute number and numeric data are reported as median (interquartile range).
CT, computed tomography; pGGNSs, pure ground-glass nodules; D1, maximum diameter; mD, mean diameter; D2, orthogo-
nal diameter; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe.

thors reported resolution of subsolid nod-
ules to be associated to bigger size (12, 13).
Our results confirm this association in the
specific subset of solitary pGGN.

Persisting nodules showed different
evolution according to CT features. The
likelihood of growth was directly related
to nodule size and patient age. Notably, in-
creased likelihood of growth was observed
for nodules bigger than 10 mm. This report
is in keeping with data from the literature
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(14-16). Furthermore, nodule growth was
related to age older than 67 years. The pro-
portion of growth observed in our study was
slightly higher as compared with previous
reports (17, 18). Notably, patient age in those
previous reports was smaller than those of
our population, thus confirming the positive
relation between likelihood of growth and
age. Otherwise, epidemiologic factors such
as gender and oncologic history were not re-
lated to specific evolution of solitary pGGN.

Silva et al.



Table 4. Interobserver agreement between the two radiologists

D12 Baseline 0.937 (0.906-0.958)
Follow-up 0.972 (0.958-0.981)
Delta 0.949 (0.925-0.966)
D2? Baseline 0.925 (0.886-0.951)
Follow-up 0.930 (0.896-0.953)
mD? Baseline 0.950 (0.922-0.967)
Follow-up 0.967 (0.951-0.978)
Delta 0.953 (0.930-0.968)
Solid component at follow-up® 0.946 (0.842-0.99)
Growth® 0.884 (0.800-0.968)

D1, maximum diameter; D2, diameter orthogonal to D1; mD, mean diameter.
?Results are reported as intraclass correlation coefficient (95% confidence interval [Cl]).
bResults are reported as k (95% Cl).

a b
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Figure 5. a, b. Median (95% Cl) values of baseline D1 (a) and mD (b) of persisting pure ground-
glass nodule (pGGN) according to nodule growth. As displayed by the graphs, grown pGGN were
significantly larger than stable nodules (D1, P < 0.001; mD, P < 0.001).
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Figure 6. Differences in classification of nodule evolution. The graph shows pure ground-glass nodule
(PGGN) classification by both radiologists: classification by radiologist 1 is displayed on the x-axis as the
sum of the two bars; classification of radiologist 2 is displayed on the x-axis by specific bar colors (legend in
right-upper corner box). No difference was seen in classification of resolved pGGN. The evolution of seven
persisting nodules was different between the two radiologists: radiologist 1 classified as“no growth”a total
of 57 persisting pGGNs, of which three were classified as “growth” by radiologist 2; radiologist 1 classified as
“growth” a total of 18 persisting pGGNSs, of which four were classified as“no growth” by radiologist 2.

The independence of nodule evolution from
oncologic history has been reported in a pre-
vious study from Takahashi et al. (16). The im-
portance of investigating this relation comes
with the frequent detection of subsolid nod-
ules in asymptomatic patients undergoing
their follow-up for treated malignancy. This
relation is a current subject of debate in the
literature. Notably, different relations were
reported between nodule evolution and on-
cologic history, with long-term evolution of
GGN being related to history of tumor (19—
21). Nevertheless, the short-term evolution
was not related to oncologic history in any
of these studies. Therefore, our data and the
reports from the literature suggest that the
likelihood of short-term growth (e.g., within
the one-year follow-up interval recommend-
ed for persisting solitary pGGN) is not influ-
enced by oncologic history (3, 16, 19, 20).

It is well known that the measurement
of lesions on CT has high variability (22).
In this study the interoperator agreement
was very good, although bigger differenc-
es were seen for larger lesions. This was re-
flected also for the classification between
stable and grown nodules. Therefore, this
observation suggests that interobserver
agreement was inversely related to nod-
ule size. Dedicated software has been
proposed for the segmentation and quan-
tification of GGN nodules with high interop-
erator agreement (18, 23). Semiautomatic
segmentation fosters more accurate and
comprehensive evaluation of nodule be-
havior, as reported from the experience in
lung cancer screening trial (24). The perfor-
mance of such software depends on nodule
attenuation and segmentation thresholds.
In particular, longitudinal change in volume
and mass can be detected in the setting
of fully standardized CT parameters, thus
allowing long-term follow-up with low in-
cidence of clinically manifest malignancy
(24). However, it cannot be overemphasized
that full standardization of CT parameters is
hardly achievable in clinical practice, where
the radiologist plays a pivotal role in the
management of GGN nodules. In particu-
lar, it has been reported that experienced
radiologist minimizes unnecessary work-
up and intervention in the management
of pulmonary lesions, especially for GGN
where overdiagnosis and overtreatment
are among the main issues (25). Therefore,
dedicated training and acknowledgment
of clinical parameters is mandatory for op-
timization of clinical management of these
typically slow-growing lesions.
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This study has several limitations. First,
this is a retrospective study; therefore, CT
technique and follow-up intervals are het-
erogeneous. Second, the subgroups of
patients are small, thus studies with larger
population are needed to confirm these
data. Third, manual measurement of nodule
is recognized as less accurate than automat-
ic segmentation; however, this is the current
standard to assess subsolid nodules. In or-
der to increase the accuracy of our manual
measurements, mean diameter was used to
define changes in nodule size. Fourth, slice
thickness <2.5 mm is beneath the current
standard of quality for assessment of pul-
monary nodules, which should be evaluated
on <1 mm thick sections. Finally, pathologic
correlation to solitary pGGN could not be
described due to the lack of histologic as-
sessment of the nodules.

In conclusion, the highest likelihood of
growth was present in nodules larger than
10 mm and subjects older than 67 years.
Also, no relation between longitudinal evo-
lution and oncologic history was observed.
Despite the preliminary nature of these
data, they could contribute to a more in-
dividual approach in the management of
these lesions, if confirmed in later studies.
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