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The National Lung Screening Trial (NLST) enrolled
53,454 current or former heavy smokers aged 55 to 74
years, and showed a relative reduction in mortality from
lung cancer with low-dose computed tomography (CT)
screening of 20.0% [95% confidence interval (CI), 6.8 to
26.7; P=0.004] (1). This was a landmark event in medicine
that ushered in unprecedented interest in CT screening
for pulmonary malignancies (1). The upshot of this is that
incidental findings of small pulmonary ground glass opacities
(GGOs) are now increasingly common (2-5). Depending
on the consolidation-to-tumor ratio (CTR) on CT
imaging, these can be classified into pure GGOs (CTR =0
with no obscuring of vascular markings), and part solid or
mixed GGOs (0< CTR <1) (6). Although guidelines exist to
assist in managing these findings (7-12), many unresolved
questions and problems remain especially in concern to
extent of surgical resection (13).

The Italian Society of Thoracic Surgery (Societa’
Italiana Chirurgia Toracica; SICT) recently published the
results of a survey of 160 of its members regarding their
management of GGOs (14). Even though this represents
the views of surgeons in one country only, it is not difficult
to imagine that the findings would have been similar in
many developed countries around the world. It is therefore
worthwhile summarizing their key findings:

% There was good agreement between the respondents
on what the definition of a pure GGO was, but less
consensus on the definition of a mixed GGO,;

% There was good agreement that high-resolution CT
should be used for the diagnostic workup of GGOs,
but more than 40% of respondents also supported
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routine use of PET even for pure GGO even though
guidelines do not recommend this;

% There was good agreement that surgical resection
was indicated in cases of persistent or growing mixed
GGOs after an initial follow-up, but very divided
opinion on whether surgery should be offered for
persistent pure GGOs;

% There was good agreement that sublobar resection
was more viable than a lobectomy for a c-I1 GGO
with a <50% solid component, but divergent
opinions on whether a wedge or a segmental
resection should be performed and on the optimal
strategy for lymph nodal dissection;

% In contrast, there was agreement that sublobar
resection was “not oncologically comparable” to
a lobectomy for a ¢-I GGO with a >50% solid
component, and that in such cases radical lymph
nodal dissection should be performed;

% Although use of mini-invasive video-assisted surgical
procedures for non-small cell lung cancer (NSCLC)
was claimed by 96.2% of respondents, 68%
considered video-assisted thoracic surgery (VATS) to
be appropriate only in selected cases of GGOs;

% Although 68% recommended radiological follow-
up for pure-GGOs measuring <5 mm, there were
divergent opinions regarding scheduling of follow-
up CT scan and regarding for how long to follow-up
before discontinuing.

The SICT survey confirms our concerns from our earlier
review of GGO management guidelines (13). Namely, that
shortcomings in the current guidelines are present, and this
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in turn leads to considerable uncertainties and divergent
practices amongst clinicians. The situation is especially
acute for surgeons given the paucity of specific surgical
recommendations in these guidelines, which were mostly
authored primarily by non-surgeons.

However, the SICT survey also shows another glaring
gap in our understanding of screening-detected GGO
management: there is a complete absence of any mention of
multiple GGOs.

Multiple or synchronous GGOs are defined as more than
two GGOs found at the same time in a single patient (15-18).
Multiple GGOs are an increasingly frequent finding, with
around 20-30% of GGO lesions resected found to be
accompanied by multiple other smaller intrapulmonary GGO
lesions. Despite this, the surgical management of multiple
GGOs detected by screening is even less well defined that for
solitary GGOs. For multiple GGOs, no standard algorithms
have been established for the selection of which lesions (if
any) to be treated, nor for the follow-up of residual nodules
that are not treated. Where surgical intervention has been
considered, various surgical approaches have been suggested
(19,20). Depending on their anatomical location, size, and
number, it has been suggested that various combinations of
sublobar versus lobar resections, and of one- or two-stage
surgery for bilateral lesions may be considered. However,
standard algorithms again do not exist.

The main limitation in establishing management
protocols for screening-detected multiple GGOs is the
relative paucity of clinical evidence for their natural history,
diagnosis and treatment. A few themes about these multiple
GGOs have emerged and can be summarized thusly:

(I)  Overall low risk of change. A study from Korea
looked at 73 patients who underwent pulmonary
resection for bronchioloalveolar carcinoma, of
whom 23 had multiple GGOs seen on pre-operative
CT (19). In those 18 patients who did not have all
GGO lesions resected, none of the residual GGO
lesions progressed in size or solidity on follow-up
for a median of 40.3 months. In a study from Japan
that included 78 patients with multiple GGOs that
were followed up for a median of 45.5 months,
interval growth in size was observed in only 37%—
and the majority of these were seen within the
first 36 months (21). The authors suggest that
the optimal observation period for patients with
multiple GGOs is 36 months. A handful of studies
have since further suggested that in patients with
multiple GGOs, the overall risk of change on
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follow-up is low and that for multiple subsolid
nodules smaller than 6 mm the likelihood of benign
inflammatory disease is higher than malignancy
(22,23). Fleischner Society Guidelines therefore
recommend CT at 3-6 months in the first instance
for all cases of multiple GGOs (23).

Independent characteristics of each GGO. A
number of studies have suggested that the above
view of multiple GGOs as being largely ‘benign’ is
perhaps too simplistic. In one series where 46 GGOs
were resected from 21 patients, a large variety of
pathologies were found—ranging from sclerosing
hemangioma, to atypical adenomatous hyperplasia
(AAH), to adenocarcinoma iz situ (AILS), to minimally
invasive adenocarcinoma (MIA), and even to invasive
adenocarcinoma (24). Even in this limited series,
it is clear that the possibility of frank malignancy
cannot be so easily dismissed. In an intriguing study
from the Shanghai Pulmonary Hospital, the EGFR
mutational profiles in 159 multiple GGO lesions
from 78 patients showed great variety (25). Of the
38 paired lesions in patients harbouring EGFR
mutation, the discordance rate of EGFR mutation
was 92.1%. These results suggest that the individual
lesions in a patient with multiple GGOs seem to
arise as multiple events, and hence may warrant a
more nuanced protocol for management rather than
a ‘one size fits all’ recommendation.

Prognosis dependent on predominant/main lesion.
Evidence is emerging that given the independent
characteristics of each of the multiple GGOs in
a patient, management should be determined by
the one ‘main’ or predominant lesion that carries
the worst prognosis. The Fleischner Society
suggests that size may be a factor: if at least one
of the GGOs is 6 mm or larger and that persists
on follow-up CT at 3-6 months, it is advised to
“consider multiple primary adenocarcinomas” (23).
A study from Japan suggests that both size and
solidity of the main lesion are important (26).
If the main GGO lesion is solid-dominant or is
larger than 25 mm, it carries worse prognosis
(poorer 5-year overall survival) than if it is GGO-
dominant and has a size <25 mm. An International
Association for the Study of Lung Cancer (IASLC)
subcommittee conducted a systematic review on
adenocarcinoma subtypes presenting with multiple

GGO lesions on CT (27). Although this review
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focused on patients with histologically proven
adenocarcinoma rather than screening-detected
multiple GGOs, it arrived at a similar conclusion
that prognosis in cases of multifocal ground glass/
lepidic tumors is largely determined by the main
lesion with the highest rank in the T category
of the TNM staging system. However, another
Japanese study with 246 patients with multiple
GGOs found that the solidity of both the main and
the ‘additional’ GGOs influenced survival (28).
This study found that solid-dominance in both
main and additional GGOs was associated with
much worse survival, while GGO-dominance
in both was associated with better survival. This
result seems to be in contrast to the earlier calls for
emphasis to be placed on the main lesion alone.

It is noteworthy that these key themes suggested on the
natural history of screening-detected multiple GGOs can
be so readily summarized in a few short paragraphs. This
illustrates that there is relatively little hard data currently
available on which to base robust management algorithms.
What evidence exists is also often contradictory—as implied
above. In addition, it should also be remembered that
radiological assessment of the risk of malignancy in GGOs
is often not highly accurate or even consistent (29,30).
This potentially further undermines efforts to establish
management guidelines based on images from radiological
screening alone. Surgical techniques to resect solitary GGO
lesions are well described (31,32). However, evidence to
guide operative strategy for multiple lesions is less well
developed. Questions regarding acceptable extent of lung
resection, approach to lymph nodes, whether to perform
one- or two-stage surgery for bilateral lesions, and on,
appear completely unaddressed.

Clearly, what is currently required today is the generation
of more clinical data, but also a thorough analysis and
synthesis of what clinical data has already been generated
to date. We have previously argued for the need to consider
new guidelines on the management of screening-detected
solitary GGOs—based on the latest evidence and with
practical emphasis on thoracic surgical application (13).
The SICT survey has reconfirmed the lack of consensus on
the management of pulmonary GGOs amongst surgeons
and hence the pressing need for such newer guidelines. The
survey has also provided a timely reminder of the large gaps
in knowledge surrounding multiple GGOs.

The authors of this article are co-chairs on a new
collaboration between the Asia Thoracoscopic Surgery
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Education Platform (ATEP), the European Society of
Thoracic Surgeons (ESTS), and the European Association
for Cardio-Thoracic Surgery (EACTS) respectively.
A conjoint task force will now embark on a systematic
literature review to build an evidence base regarding
management of GGOs with a focus on surgical aspects. It is
envisaged that the work of this task force will aim to address
the above issues on the management of both solitary and
multiple GGOs.
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