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Ground-glass nodules (GGNs) in the lung are lesions 
that appear hazy on computed tomography (CT), 
without obscuring underlying bronchial structures 
or pulmonary vessels. Both benign lesions including 
inflammation, hemorrhage, or focal interstitial fibrosis, 
and malignancies can present as GGNs. Slow-growing 
or stable GGNs indicate the presence of early stage 
lung cancers or preinvasive lesions, such as atypical 
adenomatous hyperplasia (AAH) and adenocarcinoma  
in situ (AIS) (1); these, along with lepidic predominant lung 
adenocarcinomas, grow along alveolar structures, maintain 
the air space and thus appear as GGNs on CT. GGNs are 
categorized into pure GGNs without solid components 
and part solid GGNs with solid components. AAH and AIS 
typically present as pure GGNs, whereas minimally invasive 
adenocarcinoma (MIA) and lepidic invasive adenocarcinoma 
are found as part solid GGNs, because their pathologically 
invasive parts appear solid on CT.

High-quality CT images with thin-section slices have 
been clinically available since the early 2000’s. Between 2008 
and 2013, five reports (including ours) have described the 
natural history of more than 100 GGNs, with median or 
mean follow-up periods of 2.4 to 4.9 years (2-6). Although 
the inclusion criteria and definition of growth in each of 
these reports vary, the overall data show that 16% of pure 
GGNs and 41% of part solid GGNs increase their size 
or solid components, whereas the rest did not change (7)  

(Figure 1). Our paper underscores that the tendency 
of GGNs to grow is clear in all cases within the first  
3 years; thus, we had suggested that a 3-year follow-up is 
reasonable to distinguish these lesions, considering that the 
tumor doubling time of GGN is about 800 to 1,000 days (3).

In 2016, data of a prospective study conducted in  
8 institutions were reported by Kakinuma et al. (8). As many 
as 1,229 GGNs in 795 patients were evaluated with a mean 
follow-up period of 4.3 years. The 2-mm growth probability 
in year 5 was 14%, 24%, and 48% for pure, heterogeneous 
(part solid GGN in the lung window setting but the solid 
component disappears in mediastinal window setting) and 
part-solid GGNs, respectively. Some GGNs did begin 
to increase their size after 3-year follow-up. In 2017 the 
minimum period of following GGNs in the updated 
guidelines from the Fleischner Society was extended from 
3 to 5 years (9). However, whether GGNs grow any further 
after the 5-year follow-up was left unclear. Unfortunately, 
further analyses of this prospective multi-institutional 
study, with longer follow-ups, were not preplanned in the 
protocol.

And now, a recent paper by Lee et al. reviews the natural 
history of GGNs with follow-up period of more than  
10 years (10). They retrospectively evaluated GGNs that 
were pure or part solid. and ≤3 cm in diameter, without a 
limitation on the ratio of the solid part. All GGNs were 
detected incidentally during regular health checkups done 
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between 2003 and 2017. Of 351 GGNs from 242 patients, 
41% [143] changed in size within the first 5 years and the 
remaining 59% [208] were stable. The majority of the 
stable GGNs were small and pure: 99% were <10 mm in 
diameter, 76% were <6 mm, and 78% were pure GGNs. 
During a 136-month follow-up, an additional 13% of the 
GGNs (27/208) showed evidence of growth after 5 years of 
being stable (Figure 1): this is a remarkable number, even for 
a retrospective study from a single institution, and is similar 
to growth rates of conventionally reported pure GGNs 
(10–16%) (Figure 1). The 5 year-stability factor seems to be 
highly selective for a small pure GGNs. 

Collectively, these findings indicate that in clinical 
practice, we should not stop following GGNs, given the 
risk of overlooking potential invasive adenocarcinoma. Lee 
et al.’s report suggests that we should follow GGNs for at 
least 10 years. To avoid unnecessary CT examinations, an 
appropriate follow-up interval between imaging sessions 
should be established. Also, from Kakinuma’s prospective 
study, the data on volume doubling times (VDTs) of 
resected GGNs show that median VDTs for AIS, MIA, 
and invasive adenocarcinoma are not statistically different, 
and are 811, 802, 631 days, respectively (8), while the 
VDTs for the solid component are 100, 223, 106 days, 
respectively. These indicate that part-solid GGNs should 
be more closely followed than pure GGNs. Also, that 
reported growth predictors such as size (>10 mm) and 
smoking history (or male gender) should be additionally 
considered (8,11). 

What happens to GGNs at 15 years? Lee and coworkers 
show that the characteristics of GGNs that had a 10-year 

stability were as follows: 99% of them were <10 mm in 
diameter, 77% of them were <6 mm, and 79% of them were 
pure GGNs (10). Based on these characteristics, we predict 
that approximately 10% of GGNs will grow between 10 to 
15 years of follow-up—in other words, 90% of them will 
still be unchanged; and the cumulative growth rate does not 
seem to reach 100% even over a few decades. 

We have evaluated and discussed the influence of genetic 
features on the growth of GGNs (12), and hypothesized 
that EGFR mutant GGNs will grow, whereas some of 
KRAS or BRAF mutant GGNs will not grow. Not all 
KRAS mutant AAHs may be homogenous and differences 
among these tumors may be derived from different cells 
of origin (13). We also suggest that unchanged AAH 
involves cancer immunoediting, a process whereby the 
immune system can constrain as well as promote tumor 
development. Cancer Immunoediting proceeds through  
3 phases—elimination, equilibrium and escape (14)—
w h e r e i n  t u m o r  i m m u n o g e n i c i t y  i s  e d i t e d ,  a n d 
immunosuppressive mechanisms that enable disease 
progression are acquired. We hypothesize that unchanged 
GGNs are in the equilibrium phase.

In conclusion, Lee et al. document that even if GGNs 
are stable for 5 years, 13% of them will grow during at 
least an additional 5-year follow-up. Thus, we cannot stop 
following GGNs by CT but must establish an appropriate 
interval for CT examinations, based on the possibility of 
growth. Further genetic analyses could clarify the fate of 
GGNs. Over the next several years, we expect to obtain 
data on patients with a follow-up period of 15 years and 
establish the possibility of growth of the GGNs even after 

Figure 1 Natural history of ground glass nodules. The growth rates and median or mean follow-up period are summarized. Heterogenous 
GGN is defined as GGN with solid components only in the lung window but not in the mediastinal window setting (8). GGN, ground-glass 
nodule.
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10 years of stability.
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