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Introduction

This article is for the special issue on “Liquid Biopsy 
for Lung Cancer Early Detection” and is focused on the 
management of solitary nodules, especially in suspected or 
proven lung cancers.

Several guidelines and criteria for evaluation of 
pulmonary nodules were identified using PubMed and 
through manual searching of references in published 
literature; website homepages were also reviewed for this 
article.

Background

There are a number of disease states in which pulmonary 
nodules are detected; primary lung cancer; metastatic lung 
cancer; benign disease (e.g., infectious, noninfectious, 
congenital). Several guidelines suggest management 
pathways for pulmonary nodules that are suspicious for 
primary lung cancer. To distinguish primary lung cancer 

from metastatic lung cancer, the International Association 
for the Study of Lung Cancer (IASLC) Staging and 
Prognostic Factors Committee (SPFC) has proposed a 
strategy.

This article summarizes this proposal and several 
guidelines, and highlights the differences among them.

Several guidelines recommend that decisions should 
be made by a  mult idiscipl inary team including a 
pneumologist, a radiologist, a pulmonary oncologist, a 
thoracic surgeon, and a pathologist. Every effort must 
be made to obtain all available information, i.e., previous 
radiological data, risk factors, disease history, family 
history, and compromised status. Unless the nodule is a 
confirmed malignancy, guidelines recommend follow-up 
by low-dose, thin section computed tomography (CT). 
Positron emission tomography (PET)-CT, non-surgical 
biopsy and/or surgical resection are required for further 
evaluation. Suitability for CT follow-up or further invasive 
evaluation also depends on life-expectancy and preference 
of patient. 
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Management of single solitary nodules

A solitary pulmonary nodule is defined as round, moderately 
well marginated, opaque and no longer than 3 cm in 
maximum diameter (1). Tables 1-6 summarize management 
guidelines. 

National Comprehensive Cancer Network (NCCN) 
guideline proposes different cutoffs for size, follow-up 
interval and surveillance term depending on the appearance 
of the nodule, e.g., solid, part-solid, or non-solid (2). 
Follow-up methods proposed by the Fleischner Society 
2017 vary depending on whether the nodule is solid or sub-
solid (part-solid or ground glass). The number of nodules, 
risk for lung cancer, and size or volume of each nodule is 
also considered for management strategy (3). American 
College of Clinical Pharmacy (ACCP) guidelines outline 
similar methodology; follow-up methods mainly depend on 
nodule appearance, nodule size, and risk or probability of 
malignancy (4,5). The interval or total term for follow-up 

and cutoff for nodule size vary between guidelines; however, 
guidelines agree that the initial evaluation should focus 
on appearance, i.e., solid, part-solid, or non-solid (ground 
glass). Sequentially, size and risk or probability of lung 
cancer are estimated. This methodology is also employed 
by lung CT Screening Reporting and Data System (lung-
RADS) criteria (6), British Thoracic Society (BTS) 
guidelines (7), and the International Early Lung Cancer 
Action Project (I-ELCAP) (8).

Risk for lung cancer is evaluated by age, smoking history, 
symptoms, disease history (malignant neoplasm, chronic 
obstructive pulmonary disease, fibrosis etc.), and family 
history. Malignant probabilities are estimated in line with 
nodule characteristics such as size, margin, lobe location, 
internal characteristics (calcification, solid/non-solid 
component), growth speed, enhancement, and metabolism. 
If the nodule appears highly suspicious for malignancy, non-
surgical biopsy or surgical resection should be carried out. 
Most guidelines recommend non-surgical biopsy or surgical 
resection when the nodule develops a solid component. The 
BTS suggests resection in cases where the nodule grows 
more than 2 mm in maximum diameter even if the nodule 
retains a pure ground glass appearance (9).

Management of multiple solitary nodules

The incidence of intrapulmonary metastasis (based on the 
TNM staging criteria, 7th edition) in the IASLC database 
is 2.94% (789/26859, T1a-4N[any]M[any] cases) (10). 
Based on the TNM 8th edition, the incidence in clinical 
and pathological N(any)M0 tumors (except contralateral 
pulmonary tumors) is 1.71% (505/29,595) and 3.56% 
(1,122/31,537), respectively (11). Another article reported 
that the frequency of cases with multiple nodules is up to  
8% (12). The detection of lung cancer through low-dose 
CT screening (NELSON) clinical trial detected 1,222 new 
solid nodules in 11% of participants during the second or 
third screening round. Of them, 50 (4.09%) nodules were 
related to lung cancer (13).

Even if multiple solitary nodules are detected, the 
management method remains largely unchanged. The 
Fleischner Society recommends shorter follow-up 
intervals for patients with multiple nodules and intensive 
management based on the most suspicious nodule. NCCN 
and ACCP guidelines recommend management based on 
the largest nodules among multiple non-solid and solid 
nodules, respectively. Fundamentally, unless multiple 
nodules are suspected to be metastases, each nodule should 

Table 1 Summary of the management pathway for solitary 
pulmonary nodules according to NCCN guideline version 1.2017

Solitary pulmonary 
nodules

Management pathway

Solid

Size (mm)

<8 CT surveillance*

≥8 CT surveillance* and/or PET-CT

Part-solid

Nodule size (mm)

<6 CT surveillance in 1 year

≥6 CT surveillance in 6 months

Solid-part size (mm)

<6 CT surveillance*

≥6, <8 CT surveillance in 3 months or PET-CT

≥8 CT surveillance* and/or PET-CT

Non-solid

Size (mm)

<20 CT surveillance in 1 year

≥20 CT surveillance in 6 months

*, timing and term of CT surveillance depend on nodule size 
and appearance; CT, computed tomography; NCCN, National 
Comprehensive Cancer Network; PET, positron emission 
tomography.
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be independently managed. 
A couple of methodologies have been proposed regarding 

how to distinguish unrelated nodules from metastases  
(14-16).  Histology,  tumor location and existence 
of  nodal/distant  metastas is  have been taken into 
consideration. The IASLC SPFC has recently proposed 
a new and detailed strategy summarized in Figure 1 
(17,18). As strategies for single solitary nodule go, initial 
evaluation of single nodules is performed using radiology. 
Thereafter, histological characteristics are examined 
for further discrimination. Diagnosis will be proceeded 
with exclusion of possibility of metastasis by identifying 
the evidence which indicates the nodules are unlikely 
to be metastases. Nodules are diagnosed as metastases 
following the evaluation of several pathological features. 
Apart from internal appearance on CT and histological 
characteristics, metabolic uptake on PET-CT, ratio 
of growth, nodal or distant metastasis evaluation and 
different genetic features may help to distinguish unrelated 
tumors from metastases. The IASLC SPFC recommends 
handling nodules as unrelated in doubtful cases.

Importantly, different T descriptor must be used for 
staging of multifocal nodules, second primary tumors, 
and intrapulmonary metastasis (cases of intrapulmonary 
metastasis in the contralateral lung must be represented  
as M1a) (17).

Genomic profiling for multiple solitary nodules

Efforts have been made to discriminate multiple nodules on 
a genetic basis. A well-designed study focusing on epidermal 
growth factor receptor (EGFR) mutation (19) and another 
study using next-generation sequencing (20) indicated high 
homogeneous distribution of genetic alternations between 
primary and metastatic sites. Shared DNA rearrangements 
in multiple sites also favor metastases (21). Importantly, 
genetic profiling should be regarded as suggestive but 
not definitive (18). Although comprehensive analyses are 
warranted for definitive conclusion, they are not clinically 
available in most cases and unsophisticated analysis can 
lead to misleading conclusions. Unrelated tumors might 
harbor similar genomic profiles because they may arise due 
to shared risk factors (smoking exposure, damaged lung 
parenchyma, family history) in the same individual.

Liquid biopsy

Liquid biopsy is a non-invasive, highly sensitive and 
promising technology in early detection or therapeutic 
monitoring of lung cancer; several procedures and sample 
types can be utilized (22). However, diagnosis by liquid 
biopsy works on the premise that detected lung nodules 
harbor tumor-specific genetic alternations and additionally, 
those genetic alterations must stem from the lung nodule. 
There have been no studies validating liquid biopsy 
diagnosis for pulmonary nodules, especially early-stage 
lung cancer with ground glass appearance. Tissue biopsy is 
currently preferable for lung cancer diagnosis (23); further 
validation is required for liquid biopsy. 

Discussion
 

This article has reviewed guidelines, IASLC SPFC 
proposal, and other literature regarding the management 

Table 3 Summary of management pathway for single solitary 
subsolid (Part solid, Ground glass) nodules by Fleischner Society 
guideline 2017

Size (volume) Management pathway

<6 mm (<100 mm³) No follow-up

≥6 mm (≥100 mm³) CT surveillance*

*, timing and term of CT surveillance depend on nodule size and 
appearance. CT, computed tomography.

Table 2 Summary of management pathway for single solitary solid nodules by Fleischner Society guideline 2017

Size (volume)
Risk for lung cancer

Low risk (<5%) High risk (≥5%)

<6 mm (<100 mm3) No follow-up Optional CT* surveillance

6–8 mm (100–250 mm3) CT surveillance*

>8 mm (>250 mm3) CT surveillance* with optional PET/CT, biopsy and/or resection

*, timing and term of CT surveillance depend on nodule size and appearance. CT, computed tomography; PET, positron emission 
tomography.
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of solitary lung nodule(s). Each guideline has specific 
features and recommends different cutoff points, follow-up 
intervals or total surveillance terms and nodule appearance 
criteria. NCCN guidelines recommend measuring both 
whole nodule size and the size of the solid part in part-
solid nodules. Further management algorithms for nodules 
during follow-up or PET-CT surveillance are also defined 
in detail. Fleischner guidelines recommend 3-dimensional 
CT (transverse, coronal,  and sagittal)  and nodule 
measurement based on the average long- and short-axis 
diameter, which can lead to useful volumetric measurement 

of nodules (with adequate software). There are several 
additional guidelines for the management of pulmonary 
nodules (6,7) and other clinical trials have looked at 
alternative management algorithms (8). In Asia, a modified 
version of ACCP guidelines has been advocated (24).  
Furthermore, there are models that can predict the 
likelihood of malignancy in pulmonary nodule based on CT 
and/or PET-CT appearance (25-27).

The NELSON study revealed that lung cancer probability 
in cases with nodules smaller than 5 mm or 100 mm3 is 
not significantly different from those without nodules (28). 
Although routine follow-up is not required for nodules with 
little probability of malignancy in some guidelines, there is 
discrepancy as to what characteristics indicate that follow-
up is unnecessary. Different thresholds or criteria provide 
different false-positive ratios and sensitivity (29,30), and 
there are numerous variants in combination of guidelines 
and predictive models which define the risk of malignancy. 
However, there is no absolutely superior algorithm for 
management of pulmonary nodules. Accuracy or mortality 
might not be significantly different between guidelines as 
long as the algorithm is correctly utilized.

For multiple solitary nodules, there is a unique dilemma in 
deciding how to handle nodules that are either unrelated or 
metastases from a primary tumor. Management of multiple 
solitary nodules should be conducted according to guidelines 
and proposal. During surgical resection of suspicious nodules, 
aggressive exploration of the lymph nodes is warranted for 
accurate staging (31). Intrapulmonary metastatic cases are 
likely to be accompanied by lymph node metastasis and vice 
versa. In cases with lymph node metastasis, multiple solitary 
nodules are likely to be intrapulmonary metastasis (17). 
Metastasis in lymph node is no longer early-stage, needs 
further therapeutic strategy other than resection alone. 

Although genetic examination does not provide a 
definitive diagnosis, it should be utilized in order to provide 

Table 4 Summary of management pathway for solitary solid nodules by ACCP guideline

Size (mm)
Risk for lung cancer Probability of malignancy

No risk With risk Low (<5%) Low or moderate (5–65%) High (>65%)

≤4 No follow-up CT surveillance* – – –

>4, ≤8 CT surveillance* CT surveillance* – – –

>8 – – CT surveillance* PET/CT and optional 
biopsy/resection

Staging for treatment

*, timing and term of CT surveillance depend on nodule size and appearance. ACCP, American College of Clinical Pharmacy; CT, 
computed tomography; PET, positron emission tomography.

Table 5 Summary of management pathway for solitary part-solid 
(>50% Ground glass) nodules by ACCP guideline

Size (mm) Management pathway

≤8 CT surveillance*

>8, ≤15
CT surveillance with optional PET/CT**, 
biopsy and/or resection

>15 PET/CT, biopsy

*, timing and term of CT surveillance depend on nodule size and 
appearance; **, PET/CT should not be used to characterize part-
solid nodules in which the solid component measures ≤8 mm; 
ACCP, American College of Clinical Pharmacy; CT, computed 
tomography; PET, positron emission tomography.

Table 6 Summary of management pathway for solitary nonsolid 
(Pure Ground glass) nodules by ACCP guideline

Size (mm) Management pathway

≤5 No follow-up

>5 Annual CT surveillance for at least 3 years

ACCP, American College of Clinical Pharmacy; CT, computed 
tomography.
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as much information as possible in addition to histology. 
If liquid biopsy is available, the genetic concordance 
between tissue and liquid biopsy might contribute further 
to the development of management algorithms. At 
present, diagnostic management by liquid biopsy seems 
difficult for multiple pulmonary nodules. It cannot be 
discriminated which nodule releases genomic alternation 
and diagnosis of intrapulmonary metastasis is challenging 
even with tissue comparison. Nevertheless, liquid biopsy 
remains promising in efforts to overcome unresolved 
issues. It has proven useful in the management of lung 
cancer and will hopefully be utilized more frequently, 
pending further validation. 

Because there is no absolute standard for managing 
pulmonary nodule(s), the consensus should be based on 
multidisciplinary teams and the consent of patients, as 
well as their individual condition. Updated guidelines and 
proposals must be shared among multidisciplinary teams 
and the decision-making process should be documented. 
Management strategies based on precise records increase 
understanding and aid the development of publications, 
which will contribute to the progress of pulmonary nodule 

management. Genetic data collection will also be helpful 
for the progress and validation of liquid biopsy in the 
management of pulmonary nodule(s).

Conclusions

There are several guidelines and proposals for the 
management of solitary lung nodule(s). Management 
pathways vary but share the same principle; management 
decisions should be based on radiological appearance, 
size (volume), and risk for malignancy. Management 
of multiple solitary nodules is especially challenging. 
Liquid biopsy is  promising but there are several 
problems that need to be solved prior to routine clinical 
use in pulmonary nodule management. The managing 
consensus should be based on multidisciplinary teams 
sharing guidelines and proposals.
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Figure 1 Summary of radiological and pathological diagnostic pathways for multiple pulmonary nodules by IASLC SPFC proposal.  
*, histological subtype is estimated for adenocarcinoma. In multiple squamous-cell carcinoma cases, cytologic/stromal features must be 
estimated. AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; LPA, lepidic predominant adenocarcinoma; SCC, 
squamous cell carcinoma; GG/L, ground glass/lipidic.
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