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A long-term follow-up strategy may be reasonable for subsolid nodules at low risk of
progression based on CT features http://ow.ly/HasGF

With the foreseen dissemination of lung cancer screening with low-dose spiral computed tomography
(LDCT), a great number of subjects will come to medical attention harbouring small, indeterminate
pulmonary nodules [1]. Subsolid lung nodules (SSNs), also called ground-glass opacities or ground-glass
nodules (GGNs), are identified in 2–3% of subjects receiving a screening LDCT [2, 3]. Many of them have
a benign aetiology and resolve spontaneously over time. However, unlike solid nodules that represent true
lung cancer in a tiny fraction of patients, nonresolving SSNs are found to be histologically malignant in
30–70% of the cases [4, 5]. For this reason, they are often considered for immediate resection.
Nonetheless, recent reports [6, 7] suggest that long-term observation of these patients may be appropriate.

In this issue of the European Respiratory Journal (ERJ), the clinical course of 108 patients with persistent
SSNs detected in the NELSON trial is reported [8], and a long-term follow-up approach is proposed on
the grounds that the risk of progression of SSNs towards clinically significant lung cancer is extremely low.
In principle, despite the high probability of SSNs being histologically malignant, their clinical behaviour
tends to be indolent and surgical resection of all of them would therefore lead to a great number of lung
resections with little real benefit, i.e. to overdiagnosis and overtreatment. However, given that progression
may actually occur over time, a management plan should be devised and discussed on a case by case basis.

Since the mid-1990s, when the association of subsolid nodules with early-stage bronchioloalveolar
carcinoma was first reported [9, 10], numerous publications have addressed the clinical significance of
SSNs and their relationship with the spectrum of lung adenocarcinoma [11]. A good correlation between
the aspect of SSNs on computed tomography (CT), their histological features of malignancy and clinical
aggressiveness was observed in Japan a long time ago [12, 13] and still has practical value today, although
the pathology terms have been changed for the spectrum of lung adenocarcinoma.

Pure GGNs of <10 mm are most likely benign atypical adenomatous hyperplasia or, more rarely,
adenocarcinoma in situ (AIS). Pure GGNs measuring 10–30 mm reflect AIS or minimally invasive lepidic
adenocarcinoma. A solid component in a GGN often reflects tumour invasion of the interstitium; the
larger the solid part on CT, the larger the area of invasion [14, 15]. The relative and absolute sizes of the
solid component are also known to correlate with the probability of nodal metastasis, recurrence after
surgery and death. Pure GGNs have virtually no probability of nodal involvement, whereas for part-solid
nodules, the risk rises to about 15%, and to ∼30% for solid nodules [15, 16].

In a recent report on 145 patients with resected stage I lung adenocarcinoma, a solid component volume
of 1500 mm3 (equivalent to a radius of ∼7 mm in a spheroid) and/or a solid component representing
⩾63% of the whole lesion size were independent risk factors for recurrence and death. Only solid or
part-solid lesions recurred in those patients [17].
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Such radiological–pathological correlation is prognostically important and allows a management strategy
to be devised on those grounds. Lung-sparing surgery or standard lobectomy may be planned based on
lesion size, the ratio between solid and hazy areas in CT images, and on positron emission tomography
results [18–20]. A 100% 5-year survival rate is expected for pure SSNs measuring <30 mm even after
simple wedge resection, a less-than-adequate treatment for ordinary lung cancer [21].

Risk of progression of SSNs to clinically significant lung cancer and how we can
anticipate it
A potential downside of a long-term surveillance approach for SSNs is that some SSNs may ultimately
progress beyond stage I while they are being monitored [22]. While surgical management of all persistent
SSNs would result in overtreatment in most cases, it might result in undertreatment in some patients. This
said, the likelihood of progression over several years was shown to be quite low for pure GGNs measuring
⩽20 mm (approximately 12–24%), although not negligible for part-solid GGNs, for which the likelihood
of progression was in the range of 50% at 5 years [6, 23].

Several reports indicate that a history of previous lung cancer, increasing age and smoking history, but
especially whole nodule size and the size of its solid component are major risk factors for progression
during follow-up [24–27]. Progression can manifest itself as an increase in nodule size, the appearance of a
new solid component, an increase in the size of an already existing one or more than one of these; rarely,
the nodule may shrink while a solid core appears, reflecting tumour invasion into the stroma or, in some
cases, nodule density increases (i.e. the SSN becomes more visible on CT) while its size remains
unchanged [22, 28].

If it occurs, progression tends to be slow: HASEGAWA et al. [29] reported in 2000 a mean volume doubling
time (VDT) of 813±375 days for pure nonsolid lesions and of 457±260 days for part-solid nodules,
whereas it was 149±125 days for solid nodules. In a recent report by SONG et al. [30], part-solid GGNs
with a solid core measuring ⩽5 mm had a median VDT of 1228.5 days (range 935–4600 days), which was
significantly longer than those with a solid portion >5 mm.

In the report by SCHOLTEN et al. [8] in this issue of the ERJ shows that volume and mass doubling times of
SSNs tend to be very long, and that a cut-off of <400 days would be unable to discriminate malignant
from benign SSNs. The performance of volumetric software for subsolid nodules is less than ideal. In fact,
SCHOLTEN et al. [8] resorted to manual determinations to obtain diameter, then volume and, hence, mass
measurements, and moreover, one-third of their patients were ultimately referred for further workup based
on a visual impression of growth. KIM et al. [31] reported an error margin of –18% to +19% for automated
mass measurements of SSNs, which is comparable with the results of SCHOLTEN et al. [8]. An increase in
mass of <30% may be a reliable indicator of an indolent lesion so, clearly, reliable automated
measurements of SSN volume and mass would be desirable, but it seems that clinically significant
progression of SSNs may still be grossly estimated even without volumetric software in a community
setting [25, 32, 33].

How safe is it to defer surgical treatment for patients with SSN?
As the size of the SSN and of its solid component are related to the risk of nodal metastasis and
recurrence, radiological evidence of growth is generally considered sufficient indication for surgical
treatment if the patient is in a reasonable condition. However, abrupt tumour dissemination while the
patient is being followed is unlikely.

The study by SCHOLTEN et al. [8], 79 patients (78% of all SSNs) progressed (albeit very slowly in most cases)
after a median follow-up of 95 months (range 20–110 months), but only 33 were resected. Five patients had
benign nodules, nine had pre-invasive lesions and 19 patients had invasive adenocarcinoma, but in only
one of them had it progressed beyond stage I. Altogether, only four (3.7%) patients died of lung cancer in
this subgroup. Similar data have been reported by CHANG et al. [7] and MATSUGUMA et al. [6].

There are few data to infer for how long a patient may be safely followed in the case of radiological
progression. SAWADA et al. [34] did not observe any recurrence or progression beyond stage I in a
retrospective study of 113 surgically treated patients with SSNs up to 3 cm who were followed for a
median of 9 months prior to resection (range 3–67 months).

SEOK et al. [35] showed that recurrence rates were no different between patients with SSNs that had
changed over 6 months and those that had not changed, although the latter had a larger invasive
component, on average. In a recent study [36], similar outcomes were observed for subjects with SSNs and
biopsy-proven early adenocarcinoma who elected to be followed instead of undergoing immediate
resection. This study was, however, small and biased by selection.
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As in the NELSON trial, a surveillance approach was consistently used for SSNs in the screening
population of the MILD trial. After analysing the data, SILVA et al. [28] reached the conclusion that stable
subsolid nodules may be monitored for several years without apparently jeopardizing patients’ life
expectancy. However, a note of caution is appropriate, as especially in younger patients, there is abundant
time for their SSNs to progress and potentially turn into clinically aggressive lung cancer during their life
span. The patients in the study by SCHOLTEN et al. [8] had a median age of 58 years, relatively young by
our standards in western countries. What about their SSNs in 10 years’ time?

Lessons learned from prostate cancer screening may, in principle, apply to this subgroup of lung cancer
patients as well. Active surveillance of asymptomatic early prostate cancer may be reasonable under certain
conditions [37]. Nonetheless, the Scandinavian Prostate Cancer Group Study Number 4 showed that there
may be a benefit of radical prostatectomy over watchful waiting in younger men and in those with
intermediate-risk prostate cancer [38].

So what can we suggest? Before opting for surveillance or action, we certainly need to examine the SSN
and take into account whether the lesion is nonsolid or part-solid, how large the solid component is, and
whether it is growing or not. Then, after considering age, comorbidity burden and past history, we need to
evaluate the risks of suitable treatment options for that specific patient, remembering that
treatment-related morbidity may outweigh the potential benefit in terms of survival in the case of
slow-growing tumours.

The pros and cons of obtaining a biopsy should be weighed as well: persistent SSNs should be considered
malignant until proven otherwise, but if you would rather not resect on clinical and CT grounds, a
percutaneous biopsy may simply put the patient in a state of anxiety and prompt a request for
intervention. If you believe that resection or any sort of intervention would instead be appropriate,
CT-guided biopsy result may substantiate the indication, or halt it. We will also need to educate our
patients regarding their condition and try to evaluate their psychological profile while discussing possible
strategies.

In conclusion, although immediate resection may not be appropriate in the majority of such patients, a
sensible management plan should be drawn on a case-by-case basis, on clinical grounds [39]. The data of
SCHOLTEN et al. [8] will help to reduce overdiagnosis and overtreatment of indolent lung cancer in the
LDCT screening era.
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