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Abstract

Objective: Pulmonary ground glass opacity (GGO) nodules represent a significant dilemma in oncology
since its diagnosis in clinical practice has increased because of growing application of low dose computed
tomography and screening program. The aim of this study is to analyze the clinical and pathological features,
the overall survival (OS) and disease-free interval (DFI) in surgically resected solitary ground glass nodules
in order to assess the surgical treatment of choice. Methods: We retrospectively analyzed 49 patients
(M/F=25/24) with a mean age of 67.7 (range, 40-81) years who underwent lung resection for solitary GGO
nodules among 570 reviewed CT of patients who were treated for lung neoplasms between 2010 and 2016. The
cohort included 22 pure GGO nodules and 27 part solid GGOs (also called mixed GGOs). Results: Median
maximum diameter of GGOs, defined as the largest axial diameter of the lesion on the lung-window setting,
was 17 (range, 5-30) mm. GGO nodules were removed by wedge resection, segmentectomy, or lobectomy in
17 (35%), 9 (18%), and 23 (47%) cases, respectively. Pathologic diagnosis was atypical adenomatous hyperplasia
(AAH), adenocarcinoma in situ (AIS), minimally invasive adenocarcinoma (MIA), invasive adenocarcinoma
(TA) or multifocal adenocarcinoma (MAC) in 4 (8.2%), 9 (18.4%), 11 (22.4%), 22 (44.9%) and 3 (6.1%)
cases, respectively. With a median follow up of 47 months the OS and DFI of the entire cohort was 46.3 and
43 months, respectively. The histotype (P=0.008), the dimension of GGO (P=0.014) and the PET-SUV max
(P=0.001) were independent prognostic factors of worse survival. Sex, age, previous lung surgery, type of
surgical resection and the mediastinal lymph-node evaluation did not impact on OS and DFI. Analyzing the
22 pure GGO nodules, we found a 3-year OS and DFI of 98% and 100% respectively, significantly different
from 80% and 75% respectively of part-solid GGOs (log-rank P=0.043 and P=0.011). Conclusion: Our
data suggest an indolent behaviour of tumour presenting as solitary GGO nodules, especially in case of pure

GGOs. In our series wedge resections guarantee the same results in terms of OS and DFI when compared to
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lobectomies. Sublobar resections without mediastinal lymph-nodes evaluation represent the treatment of choice
for pure-GGO. More studies are needed to assess its role for part-solid GGO nodules.
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The increasingly use of low-dose CT and high-
resolution computed tomography (HRCT) for both cancer
surveillance and screening program, had significantly
augmented the detection of solitary pulmonary nodules
and ground-glass opacities (GGOs). GGOs that have been
defined as focal area of hazy increased attenuation on CT
through preservation of bronchial and vascular structures,
are radiologically distinguished into 2 types: pure GGOs
which do not present a solid component and part-solid
o mixed GGOs that have both a pure GGO area and a
consolidated part"’.

A recent paper, published by Van Haren ez 4/., has
revealed that age (older vs. younger), sex (male vs.
female), non-smokers and race (non-white vs. white) are
significant independent predictors of identifying GGOs
in CT scan®.

In the last years several guidelines have been drawn
up in order to establish which is the best management
of GGOs. Follow-up plays a central role in clinical
assessment and management of GGOs since ground
glass opacities can be both benign lesions and tumours.
Although most GGOs are transient (disappearance rate
of 38% in pure GGO and 49% in part solid GGO)",
persistent subsolid nodules, especially part-solid, have a
high probability of malignancy'".

Even though subsolid nodules are more likely to be
malignant when compared to solid nodules incidentally
detected, semisolid lesions have a better prognosis
because they may correspond to preinvasive and invasive
lesions with a slow progression. Pure GGOs (especially
those <5 mm) are generally non-invasive lesions (AAH
or AIS), part solid GGOs are minimally invasive lesions
(MIA) or invasive lesions” .

For this reason, lung cancer presenting as GGOs has
been reported with an excellent long-term survival: 5-year
overall survival, 97% versus 84% of patients having a
solid nodule without GGO component”. Moreover,
analysing only pure GGO group, the 5-year OS and
DFS rates are 100% and 99.1%, respectively".

The role of surgery in the management of persistent
GGOs is poorly defined. According to several studies the
role of non-surgical biopsy is limited: considering the
high rate of false negative results, the use of fine needle
biopsy (FNAB) for GGO lesion should be considered for
part solid GGOs with diameter >1 cm'™”.

For this reason, surgery seems to offer better

diagnostic accuracy and, given the advantages of
minimally invasive technique, guarantees low morbidity
and mortality"*"?,

Although lobar resection is still considered the
optimal treatment for early-stage non-small cell lung
cancer (NSCLC), sub-lobar resections (anatomical
segmentectomy or wide wedge resection) are gaining
increasing consents for small, non-invasive, or
minimally invasive lesions, especially those with GGO
characteristics".

The aim of our study is to evaluate the clinical and
pathological features, the OS and DFI in surgically
resected solitary ground glass nodules in order to assess
the surgical treatment of choice.

We present the following article in accordance with
the STROBE reporting checklist (available at https://
dx.doi.org/10.3978/j.issn.2095-6959.2021.07.002).

1 Materials and Methods

1.1 Materials

Among 570 reviewed CT scan of patients treated
for lung tumours between 2010 and 2016, we have
retrospectively analysed data of all solitary GGOs (pure
or part solid) that underwent lung resection.

1.2 Methods

The specimens were reviewed by two pathologists, the
preoperative CT-scans of patients were reviewed by one
radiologist and two thoracic surgery residents. Median
maximum diameter of GGOs was defined as the largest
axial diameter of the lesion on the lung-window setting.

Indications for surgery were debated in all patients
during the weekly multidisciplinary team meeting
(MDT). Preoperative assessment included clinical
examination, blood exams, thoracic and abdomen
computed tomography scan, cardiological assessment
and respiratory function tests. In 28/49 (57%) cases,
a positron emission tomography (PET-CT scan) was
executed.

Sex, age, previous malignancies, type of lung surgery
(wedge resection, segmentectomy, lobectomy) and
approach (VATS, ROBOT, or thoracotomy), lymph-
nodal status, relapse, length of hospital stay and OS of
patients were analysed. RO resection (negative surgical
margins) was established by the pathologists as the macro
and microscopically absence of tumour cells on resection
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margins.

Postoperative mortality and morbidity were defined
within 30, 60 and 90 days from surgery. The Clavien-
Dindo classification was used to stage the post-operative
complications. The VIII edition of TNM was used to
restage all specimens.

This retrospective research was carried out according
to principles outlined in the Helsinki declaration (as
revised in 2013) and in agreement with Italian laws
on biomedical research and institutional guidelines.
Approval by the institution ethics committee was not
required as dictated by local laws. All patients presented
full consent about data collection and its use in the
current study

1.3 Statistical analysis

Descriptive statistics were expressed as mean and
standard deviation for quantitative variables and as
frequencies (percentages) for categorical ones.

The OS was considered from the time of surgery
until decease or the day of the last follow-up. DFI was
considered from the time of surgery to the first relapse.

The Kaplan-Meier method was utilised to estimate
the cumulative survival. We considered values of P<0.05
as statistically significant. The COX proportional hazard
regression was utilised to univariate analyses.

Statistical analysis was performed using SPSS statistic
software (IBM SPSS statistics20 IBM Corporation,
Chicago, IL).

2 Results

The data of 49 patients with solitary pulmonary GGOs
who underwent surgical resection between 2010 and
2016 were analysed. Data on population were described
in Table 1.

Median maximum diameter of GGOs was 17
(range, 5-30) mm. The open approach was used in 32
cases (65.3%). GGO nodules were resected by wedge
resection, segmentectomy, or lobectomy in 17 35%), 9
(18%), and 23 (47 %) cases, respectively (Table 1).

Pathologic diagnosis was atypical adenomatous
hyperplasia (AAH), adenocarcinoma in situ (AIS),
minimally invasive adenocarcinoma (MIA), invasive
adenocarcinoma (IA) or multifocal adenocarcinoma
(MAC) in 4 (8.2%), 9 (18.4%), 11 (22.4%), 22 (44.9%)
and 3 (6.1%) cases, respectively (Table 2).

The TNM of all lesions, according to the VIII
edition, was reported in Table 3.

No post-operative mortality was reported. Eleven
patients (22.4%) had post-operative complications:
7 prolonged air leaks (3 grade I, 3 grade II, 1 grade

ITIb), 2 atrial fibrillation (grade II) and 1 anaemia
(grade II).

With a median follow up of 47 months the OS
and DFI of the whole cohort was 46,3 and 43 months
respectively. Six patients experimented recurrences

(2 distant and 4 local) (Figure 1).

Table 1 Patients characteristics and surgical results

Number of patients Values (total n=49)

Male/female, n 25/24

Mean age in years, mean (range) 67.7 (40 to 81)

Smoker, n
Active 11
Former 26
Never 12
Previous malignancies (%) 15 (30.6)
Size of nodule (mm), mean (range) 17 (5 to 30)
Pure GGOs, n (%) 22 (44.9)
Pet positivity, n
Positive 19
Negative 9
Not done 21
Surgical approach, n (%)
Thoracotomy 32 (65.3)
VATS 9 (18.4)
Robot 8(16.3)
Type of surgery, n (%)
Wedge resection 17 (35.0)
Segmentectomy 9 (18.0)
Lobectomy 23 (47.0)
Lymph node dissection, n (%)
Yes 38 (77.6)
Not done 11 (22.4)
Surgical complications, n (%) 11 (22.4)
Grade | 3
Grade I 7
Grade lll 1
Grade IV-V 0
Post-operative stay (days), mean 7 (3to 32)
(range)
Post-operative chest tube (days), mean 3 (1to 30)

(range)
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Table 2 Pathological results 1.0 T Guneal function
Histology Number of cases  3-year survival, % 0.97
0.87
Pure GGOs < 0.7
AAH 4 100 2 06
>
AIS 9 99 = 05]
?1>3 0.47
MIA 7 100 O 0.3
1A 1 95 0.21
0.19
MAC 1 -
0.01
Mixed GGOs 0 12 24 36 48 60 72 84 96
MIA 4 90 Time (months)
Figure 1 Overall survival of the entire cohort.
1A 21 78
MAC 2 50
Table 4 Univariate analysis for Overall Survival
Variable Ua”r:‘;fr':i‘;e HR (95% ClI)
Table 3 TNM staging (VIII edition) Y
Age n.s. -
TNM Number of cases
Sex n.s. —
Pre-invasive lesions (AAH) 4
PET positivity P=0.001  1.82 (1.28-2.01)
2
GGO dimension P=0.014 1.19 (1.03-1.37)
1 & Type of resection (wedge n.s. —
1 (mi) 11 vs. segmentectomy vs.
1a 8 lobectomy)
1b 7 Previous lung surgery n.s. -
Histology (AAH + AIS vs. P=0.008  10.1 (1.84-55.8)
e 2 MIA vs. IA vs. MAC)
2 5 Mediastinal lymph node n.s. -
2b 1 evaluation
3 2 n.s., no statistical significance.
4 0
N ..
Examining the 22 pure GGOs, we observed a 3-year
X 11 OS and DFI of 98% and 100% respectively, significantly
35 better than 80% and 75% respectively of part-solid
1 > GGOs (log-rank P=0.043 and P=0.011) (Figures 2,3).
2 1
3 0 1.07
0.9
M P=0.041 (log rank test)
0.8
1 (1a-1b) 0 — or
>
2 0 S 0.6
=1
2 05
©
§ 0.4+
The histological type (P=0.008), the dimension of © 03
GGO (P=0.014) and the maximum standard uptake value 0.21 .
(SUV max) of PET-CT (P=0.001) were independent g; o
prognostic factors of poor survival. Age, sex, previous e —
. . 0 12 24 36 48 60 72 84 96
pulmonary resections, type of surgery and the mediastinal Time (months)

lymph-node evaluation did not impact on OS and DFI Figure 2 Overall survival according to GGO type (pure versus
(Table 4). mixed).
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1.0
0.9

0.84

P=0.011 (log rank test)

0.7 e
0.6
0.5
0.4
0.3
0.2

0.1 e

—+— censored
0.0+ —+ censored

Disease free survival

0 12 24 36 48 60 72 84 96
Time (months)
Figure 3 Disease free survival according to GGO type (pure

versus mixed).

3 Discussion

The best surgical approach for early-stage NSCLC
is still debating. Even though lobectomy is still
considered the gold standard, sub-lobar resections seem
to offer promising results for small, non-invasive, or
minimally invasive lesions, particularly those with GGO
characteristics".

Recently, two reviews and one meta-analysis state that
sub-lobar resection for pure adenocarcinoma i situ <2 cm,
produce comparable long-term outcomes as lobar
resection! "%,

A recent systematic review and metanalysis
conducted by Ijsseldijk er a/. analyses oncological
outcomes of patients who underwent lobar or sub-lobar
resections showing for pT1a NSCLC no difference in
5-year OS between lobectomy and parenchymal sparing
resection'”.

However, conclusive recommendations will only be
obtained when the results of large randomised trials
are available. The on-going JCOG0802/W]JOG4607L,
JCOG0804/WJOG4507L and JCOGI1211 trials have
been originated to confirm the equivalence of sub-lobar
resection for stage I NSCLC patients stratified according

to preoperative thin-slice CT findings"*"".

The JCOG0804/WJOG4507L trial, analysing the
impact on long term survival of wide wedge resection
in peripheral lung cancer presenting as predominantly
GGO (with maximum tumour diameter <2.0 cm and
with consolidation tumour ratio <0.25), has shown a
S-year relapse-free survival (RES) of 99.7%, with no local
relapses. This study has revealed that sub-lobar resection
(primarily wedge resection) offers adequate local control
and RFS for peripheral lung cancer presenting as
predominantly GGO™.

More data on the comparison between lobectomy

versus sub-lobar (segmentectomy or wedge) resection in
NSCLC <2 cm will be available after the completion of
the ongoing randomized clinical trial (RCT) CALGB/
ALLIANCE 140503, a phase III RCT of lobectomy
versus sub-lobar resection for small (<2 c¢cm) peripheral
T1aNO NSCLC. Primary data on perioperative
outcomes (morbidity and mortality) has shown
comparable results between lobectomy and sub-lobar
resections”'.

According to the mentioned studies, we have
reported in our analysis and excellent OS and DFS.
Moreover, while the histological type (P=0.008), the
dimension of GGO (P=0.014) and the SUV max at
PET-CT (P=0.001) are independent prognostic factors
of worse survival, the type of surgical resection and
the mediastinal lymph-node evaluation did not impact
on OS and DFI. Several studies have shown that pure
GGOs have a low risk of lymph node spread”?". In
a recent review which analyses 6,137 patients, in sub-
population of 821 AIS/MIA cases, only one patient
had N1 lymph node metastasis and no one showed N2
positive nodes; the disease-free survival ranged from
93% to 100% .

The main limitations of our study are the number
of enrolled patients and the retrospective nature of the
analysis. However, we believe that the obtained results,
in line with the existent literature, can give a further
evidence on the role of surgery in lung cancer presenting
as sub-solid lesions.

Our data, confirmed by large literature studies,
advocate an indolent behavior of tumor presenting as
solitary GGO nodules, particularly for pure GGOs. In
our series wedge resections produce the same results
in terms of OS and DFI comparing with lobectomy.
Sub-lobar resections without mediastinal lymph-nodes
assessment represent the treatment of choice for pure-
GGO. Additional studies are required to evaluate its role
for part solid GGO nodules.

Acknowledgments

The study was presented at the 19" World Conference
of Lung Cancer meeting, 23-26 September 2018,
Toronto, Canada. The authors thank Teresa Hung Key
for linguistic accuracy checking.

Funding: None.

Footnote

Provenance and Peer Review: This article was
commissioned by the editorial office, fournal of Clinical and
Pathological Research for the series “International Clinical



1488

I R S B %8, 2021, 41(7) https://Icbl.csu.edu.cn

and Pathological Column”. The article has undergone
external peer review.

Reporting Checklist: The authors have completed the
STROBE reporting checklist. Available at https://dx.doi.
org/10.3978/.issn.2095-6959.2021.07.002

Data Sharing Statement: Available at https://dx.doi.
org/10.3978/.issn.2095-6959.2021.07.002

Conflicts of Interest: All authors have completed the
ICMJE uniform disclosure form (available at https://
dx.doi.org/10.3978/j.issn.2095-6959.2021.07.002). The
series “International Clinical and Pathological Column”
was commissioned by the editorial office without any
funding or sponsorship. SR serves as an unpaid editorial
board member of Fournal of Clinical and Pathological
Research from Apr 2021 to Mar 2023. The authors have
no other conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. This retrospective
research was carried out according to principles outlined
in the Helsinki declaration (as revised in 2013) and in
agreement with Italian laws on biomedical research and
institutional guidelines. Approval by the institution ethics
committee was not required as dictated by local laws. All
patients presented full consent about data collection and
its use in the current study.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and
the original work is properly cited (including links to both
the formal publication through the relevant DOI and the
license). See: https://creativecommons.org/licenses/by-nc-

nd/4.0/.

References

1. Pedersen JH, Saghir Z, Wille MM, et al. Ground-glass opacity
lung nodules in the era of lung cancer CT screening: radiology,
pathology, and clinical management[J]. Oncology (Williston
Park), 2016, 30: 266-274.

2. Van Haren RM, Correa AM, Sepesi B, et al. Ground glass

lesions on chest imaging: evaluation of reported incidence

10.

11.

12.

13.

14.

15.

16.

17.

in cancer patients using natural language processing(J]. Ann
Thorac Surg, 2019, 107: 936-940.

Oh JY, Kwon SY, Yoon HI, et al. Clinical significance of
a solitary ground-glass opacity (GGO) lesion of the lung
detected by chest CT[]J]. Lung Cancer, 2007, 55: 67-73.
Shimizu K, Tkeda N, Tsuboi M, et al. Percutaneous CT-guided
fine needle aspiration for lung cancer smaller than 2 ¢cm and
revealed by ground-glass opacity at CT[J]. Lung Cancer, 2006,
51: 173-179.

Travis WD, Brambilla E, Noguchi M, et al. International
Association for the Study of Lung Cancer/American Thoracic
Society/European Respiratory Society: international
multidisciplinary classification of lung adenocarcinoma:
executive summary|[J]. Proc Am Thorac Soc, 2011, 8: 381-385.
Travis WD, Brambilla E, Burke AP, et al. Introduction to the
2015 World Health Organization Classification of Tumors
of the Lung, Pleura, Thymus, and Heart[J]. ] Thorac Oncol,
2015, 10: 1240-1242.

Miyoshi T, Aokage K, Katsumata S, et al. Ground-glass
opacity is a strong prognosticator for pathologic stage IA lung
adenocarcinoma[J]. Ann Thorac Surg, 2019, 108: 249-255.
Lee HY, Choi YL, Lee KS, et al. Pure ground-glass
opacity neoplastic lung nodules: histopathology, imaging,
and management[J]. AJR Am J Roentgenol, 2014, 202:
W224-W233.

Yang JS, Liu YM, Mao YM, et al. Meta-analysis of CT-guided
transthoracic needle biopsy for the evaluation of the ground-
glass opacity pulmonary lesions[J]. Br J Radiol, 2014, 87:
20140276.

Shi Z, Chen C, Jiang S, et al. Uniportal video-assisted thoracic
surgery resection of small ground-glass opacities (GGOs)
localized with CT guided placement of microcoils and
palpation[J]. ] Thorac Dis, 2016, 8: 1837-1840.

Sihoe ADL. The evolution of minimally invasive thoracic
surgery: implications for the practice of uniportal
thoracoscopic surgeryl[J]. ] Thorac Dis, 2014, 6: S604-S617.
Davini F, Ricciardi S, Zirafa CC, et al. Treatment of pulmonary
nodule: from VAT to RATS[]]. J Vis Surg, 2018, 4: 36.

Van Schil PE, Asamura H, Rusch VW et al. Surgical
implications of the new IASLC/ATS/ERS adenocarcinoma
classification[J]. Eur Respir J, 2012, 39: 478-486.

Rami-Porta R, Tsuboi M. Sublobar resection for lung
cancer[]]. Eur Respir J, 2009, 33: 426-435.

Blasberg JD, Pass HI, Donington JS. Sublobar resection: a
movement from the Lung Cancer Study Group[]J]. ] Thorac
Oncol, 2010, 5: 1583-1593.

Fan J, Wang L, Jiang GN, Gao W. Sublobectomy versus
lobectomy for stage I nonsmall cell lung cancer, a meta-
analysis of published studies[J]. Ann Surg Oncol, 2012, 19:
661-668.

Tjsseldijk MA, Shoni M, Siegert C, et al. Oncological outcomes

of lobar resection, segmentectomy, and wedge resection for


https://dx.doi.org/10.3978/j.issn.2095-6959.2021.07.002
https://dx.doi.org/10.3978/j.issn.2095-6959.2021.07.002
https://dx.doi.org/10.3978/j.issn.2095-6959.2021.07.002
https://dx.doi.org/10.3978/j.issn.2095-6959.2021.07.002
https://dx.doi.org/10.3978/j.issn.2095-6959.2021.07.002
https://dx.doi.org/10.3978/j.issn.2095-6959.2021.07.002
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

Which surgery for ground glass opacity lung nodules? Ricciardi et al.

1489

18.

19.

20.

21.

T1la Non-small-cell lung carcinoma: a systematic review and
meta-analysis[J]. Semin Thorac Cardiovasc Surg, 2020, 32:
582-590.

Aokage K, Yoshida J, Hishida T, et al. Limited resection for
early-stage non-small cell lung cancer as function-preserving
radical surgery: a review([J]. Jpn J Clin Oncol, 2017, 47: 7-11.
Suzuki K, Saji H, Aokage K, et al. Comparison of pulmonary
segmentectomy and lobectomy: safety results of a randomized
trial[J]. ] Thorac Cardiovasc Surg, 2019, 158: 895-907.
Suzuki K, Watanabe S, Wakabayashi M, et al. A
nonrandomized confirmatory phase III study of sublobar
surgical resection for peripheral ground glass opacity dominant
lung cancer defined with thoracic thin-section computed
tomography (JCOG0804/WJOG4507L)[J]. ] Clin Oncol,
2017, 35: 8561.

Altorki NK, Wang X, Wigle D, et al. Perioperative mortality

Cite this article as: Ricciardi S, Davini F, Ali G, De Liperi A, Nesti
A, Zirafa CC, Romano G, Fontanini G, Melfi FMA. Which surgery
for ground glass opacity lung nodules?[J]. Journal of Clinical
and Pathological Research, 2021, 41(7): 1483-1489. doi: 10.3978/
jissn.2095-6959.2021.07.002

22.

23.

and morbidity after sublobar versus lobar resection for early-
stage non-small-cell lung cancer: post-hoc analysis of an
international, randomised, phase 3 trial (CALGB/Alliance
140503)[J]. Lancet Respir Med, 2018, 6: 915-924.

Fu JY, Wan YL, Huang TY, et al. Correlation between image
characteristics and pathologic findings in non small cell lung
cancer patients after anatomic resection[J]. PLoS One, 2018,
13:e0206386.

Wang L, Jiang W, Zhan C, et al. Lymph node metastasis in
clinical stage TA peripheral lung cancer(J]. Lung Cancer, 2015,
90: 41-46.

24. Jiang L, Liang W, Shen ], et al. The impact of visceral

pleural invasion in node-negative non-small cell lung cancer:
a systematic review and meta-analysis[J]. Chest, 2015, 148:
903-911.



