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Is it really necessary to perform mediastinal lymphadenectomy in
surgery for ground glass opacity-featured lung adenocarcinoma?
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Abstract: An increasing number of lung ground-glass opacity (GGO) are detected along with the
popularity of low-dose computed tomography (LDCT) screening. Despite the excellent prognosis of
GGO-featured lung cancers, systematic lymphadenectomy is still recommended for all resectable lesions.
Much effort has been made to determine the conditions surrounding a limited resection for subsolid
nodules. However, the necessity to perform systematic lymphadenectomy in radiologic GGO-featured
lung adenocarcinomas (LUADs) remains controversial. Pure GGOs were reported had a 100% 5-year
survival rate with no lymphatic metastasis, and the lymphatic metastasis rate in part-solid nodules (PSNs),
especially in GGO-predominant PSNs, was significantly lower than that in pure solid nodules. The impact
of lymphadenectomy on the prognosis and the specific predictors for lymphatic metastasis in PSNs are
also discussed. Systematic lymphadenectomy was not yet proved to confer a survival benefit in patients
with GGO-featured lung cancers. Integration of pre-/intra-operative information such as tumor size,
consolidation tumor ratio (CTR) and pathological information is warrant for solid-predominant PSNs.
Pre-invasive lesions rarely occurred lymph node metastasis and intraoperative frozen section (FS) results
might provide pathological information before lymphadenectomy strategy determination. Finally, although
randomized controlled trials are difficult to conduct in LUAD manifesting as GGO, more prospective

studies are required to justify the indication of systematic lymphadenectomy.
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Introduction many other countries (2-4). Along with the popularity of

. . LDCT screening, an increasing number of lung ground-
Lung cancer is the leading cause of cancer death CT screening, a creasing number of lung ground

worldwide (1). Low-dose computed tomography (LDCT)
screening for lung cancer is being implemented in China part-solid nodules (PSNs) present different degrees of

and the United States and is under consideration in malignancy from those of pure-solid tumors, since even a

glass opacity (GGO) lesions are detected. Pure-GGO and
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small proportion of GGO components is associated with a
favorable prognosis (5).

Surgery is the main treatment for early-stage non-small
cell lung cancer (NSCLC) (6) using a standard procedure
of lobectomy or pneumonectomy with systematic lymph
node dissection (SND) (7,8). Although major randomized
trials have not demonstrated that SND confers a survival
benefit (9-12), the current guidelines still recommend SND
for all resectable NSCLC irrespective of the stage, location
and GGO component of the tumor. Several studies have
reported that unlike radiologic pure-solid tumor without
any GGO component, the estimated rate of lymph node
metastasis in part-solid lung adenocarcinoma (LUAD) is
approximately less than 5% (13-15). Moreover, animal
model experiments even demonstrated lymphadenectomy
altered endogenous antitumor mechanisms and accelerates
the growth of tumor (16). The necessity to perform
systematic lymphadenectomy in radiologic GGO-featured
LUAD:s still remains controversial. In this review, therefore,
we discuss this issue from aspects concerning prognosis,
lymph node metastasis rates, corresponding predictive
factors and random clinical trials (RCTs) of SND in
radiological GGO-featured lung cancers.

Prognosis and resection strategy

It is well known that GGO presence is associated with
excellent survival in LUAD (17-21). Hattori et al. (20)
demonstrated the 5-year overall survival (OS) among
clinical stage IA LUAD was 91.2% for GGO and 68.9%
for solid nodules. Similarly, Miyoshi ez 4l. (18) reported that
the survival rate of the patients having a GGO nodule was
significantly higher than that without GGO components.
Fu er al. (22) further separated GGO lesions and reported
the 5-year recurrence-free survival (RFS) for patients with
pure GGO, part-solid, and solid nodules among invasive
stage Il NSCLC was 100%, 87.6%, and 73.2%, respectively.
Under such circumstance, whether to perform lobectomy
for GGO-featured NSCLC remains controversial.
Appropriate determination of the extent of lung excision and
lymph node dissection (LND) is important, and there has
been much effort to determine the conditions surrounding
a limited resection for a subsolid adenocarcinoma. Studies
have demonstrated that limited resection for GGOs smaller
than 20 mm have similar results to those obtained with
standard lobectomy (23,24) while lobectomy is indicated
for GGOs with over 25% of the solid component. National
Comprehensive Cancer Network (NCCN) guidelines (25)
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recommend that limited resection is appropriate for
peripheral GGO lesions with size <2 cm and >50% ground-
glass appearance, which mainly based on several recent
RCTs. The Japan Clinical Oncology Group (JCOG
0201) (26) defined GGO with size <3 ¢cm and consolidation
tumor ratio (CTR) <0.5 as “radiological noninvasive”, and
the 5S-year OS of this “noninvasive” group was 96.7%.
Another JCOGO0804 (27) investigated the application of
sublobar resection in peripheral GGO lesions with size
<2 cm and CTR <0.25 and reported the 5-year RFS was
99.7%. However, there is still no consensus on the most
appropriate surgical treatment for GGO with CTR >0.5
and two RCTs JCOG 0802 in Japan and CALGB 140503
in the United States) are undergoing.

The lymph node metastasis rate in GGO

Similar to the discussion of resection, the introduction of
a subsolid LUAD fueled a debate about the necessity of
SND. SND has been considered as an important factor in
radical surgical resection for lung cancer patients. However,
it is not always necessary. Proponents emphasize that it is
more accurate with the respect to staging, than the limited
LND. Gajra ez al. (28) reported that SND increased chance
of survival of the patient by removing the occult N2 disease.
Darling er al. (10) conducted a RCT comparing complete
mediastinal LND with lymph node sampling and the former
identified occult N2 disease in 4% of patients, although
it did not improve survival compared with lymph node
sampling. Conversely, opponents of SND have asserted that
it could potentially result in more adverse events, such as
bleeding, chylothorax, or longer hospitalization.
Nevertheless, we have to know the exact rate of nodal
involvement in subsolid LUAD before determining the
proper LND strategy. Yoshida et a/. (29) first reported that
in patients with lung carcinoma smaller than 1 cm, only
1% of part-solid LUAD had node metastasis. Ye et a/. (30)
demonstrated that pN1 was observed at 2% and pN2 at 1%
in patients with clinical stage 1A, part-solid lung cancer. It
is noteworthy that the entire cohorts in these two studies
performed SND testing, which made the conclusions more
meaningful. Our group (13) also reported that among
clinical stage IA LUAD, no patients with pure GGOs had
lymphatic metastasis, and the lymphatic metastasis rate in
PSNs (7/312, 2.2%) was significantly lower than that in
pure solid nodules (41/152, 27.0%). A summary of studies
regarding lymph node metastasis rate of patients with lung
cancer presenting as GGO was shown in 7able 1. In addition
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Table 1 Summary of studies regarding lymph node metastasis of patients with lung cancer presenting as ground-glass opacity

First author,

Lymph node metastasis rate

No. of patients Staging
year Pure GGOs PSNs
Ye, 2014 651 (pGGOs: 55, PSNs: 292, solid nodules: 304) Clinical stage IA 0% 2% of pN1and 1% of pN2
Hattori, 2017 497 (PSNs with 0.5< CTR <1: 177, solid nodules: 320) Clinical stage 1A NA 2% of pN1and 2% of pN2
Hattori, 2018 634 (PSNs: 356, solid nodules: 278) Clinical stage 1A NA 2.8%
Ye, 2019 988 (pGGOs: 501, PSNs: 329, solid nodules: 158) Clinical stage 1A 0% 2.2%

Tsutani, 2014 239 [pGGO and PSNs (0< CTR <0.5)]

Hattori, 2017 1,029 (nodules containing GGO: 503, solid nodules: 526)

Zhang, 2019 2,749 (pGGOs and PSNs: 581, solid: 2,168)

Clinical stage 1A 0.8%

Clinical stage | 1% of pN1and 1% of pN2

Pathological stage -1l There was no lymph node metastasis in

PSNs with CTR <0.5

GGO, ground-glass opacity; PSN, part-solid nodule; pGGO, pure ground-glass opacity; CTR, consolidation tumor ratio.

to lymph node metastasis, the impact of lymphadenectomy
on the prognosis of patients with GGO-featured lung
cancers was also analyzed in several studies. Moon ez a/. (31)
retrospectively reviewed 358 patients with clinical stage IA
NSCLC and found that in GGO-predominant patients,
the 5-year RFS rate among no mediastinal lymph node
evaluation (NoMLE) group, mediastinal lymph node
sampling (MLS) group, and mediastinal lymph node
dissection (MLND) group showed no difference. Hattori
et al. (32) reviewed 462 patients with radiological part-
solid LUAD and found the extent of lymphadenectomy
was not associated with survival outcomes after propensity
score matching. Based on the above findings, SND may be
unnecessary for pure GGO-featured lung cancer as well as
some with PSNs.

The necessity of SND in PSNs

To further determine the necessity of SND, as well
as develop a standardized guideline for LND in part-
solid lung cancer, a model based on pre-/intra-operative
information, such as tumor size, CTR and intraoperative
frozen section (FS) pathology, is warrant. Okada ez a/. (33)
revealed that adenocarcinoma with high SUVmax and low
GGO ratio is more closely associated with LN metastasis.
However, measuring SUVmax value greatly affected by
measurement methods, which may provide no advantage
in predicting LN metastasis. As aforementioned, Hattori
et al. (32) also showed that none of part-solid LUAD with
CTR <0.5 had a LN metastasis. Similarly, Zhang ez al. (34)
revealed there was no LN metastasis in 151 patients with
invasive part-solid LUAD with CTR <0.5. Among them,
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the tumor size of six patients even exceeded 3cm. Our
previous studies have indicated that tumor histology such as
atypical adenomatous hyperplasia (AAH)/adenocarcinoma
in situ (AIS)/minimally invasive adenocarcinoma (MIA)
might be able to guide lymphadenectomy (35,36), since pre-
invasive lesions rarely occurred LN metastasis and FS might
provide pathological information before lymphadenectomy
strategy determination. For cases diagnosed as AAH/
AIS/MIA by FS intra-operatively, SND might not be
necessary. Nevertheless, whether FS could be an efficient
method to diagnose invasive degree of lung cancers and
to guide final lymphadenectomy strategy mostly depends
on the discrimination accuracy. Liu er 4/. (37) showed the
accuracy of FS to distinguish AAH/AIS/MIA from invasive
adenocarcinoma was 96%. Moreover, patients undergoing
limited resection of invasive LUAD misdiagnosed as AAH/
AIS/MIA by FS analysis showed excellent prognoses (38).
Sublobar resection without lymphadenectomy was
consequently conducted for patients with AAH/AIS/MIA
and the 5-year RFS turned out to be 100% (37). In this
regard, there is the possibility of setting up the prediction
model for the pathologic LN status and effectively guide
lymphadenectomy strategy for PSNs.

RCTs for GGO

Nevertheless, considering the excellent survival of GGO-
featured lung cancer, RCTs regarding LND strategies
require excessive sample size and follow-up time. It may
be very difficult or even impossible to conduct such RCTs.
There is an ongoing prospective observational clinical trial
validating the selective LND strategy based on radiologic
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and pathologic features in Fudan University Shanghai
Cancer Center (FUSCC) (NCT03216551) (39). All enrolled
patients are still performed systematic mediastinal LND,
and the accuracy of mediastinal lymph node metastasis
determination by selective mediastinal LND strategy is then
analyzed. Specifically, CTR <0.5 is one of the conditions
for predicting no mediastinal lymph node metastasis,
which indicated the systematic lymphadenectomy might
be unnecessary. Another prospective observational study
using paraffin pathological whole sections to determine
the correlation between ground glass components and
pathological subtypes is also ongoing in FUSCC, which
may provide extra pathological information for lymph node
status prediction preoperatively.

Conclusions

Whether systematic lymphadenectomy should be used in
GGO-featured lung cancers depends on numerous clinical-
pathological variables. SND may be unnecessary for GGO-
predominant lesions and especially for pure GGO nodules.
However, the necessity of systematic lymphadenectomy in
solid-predominant nodules and corresponding predictors
for lymph node status remains controversial. Given the
difficulty to conduct such RCTs in LUAD manifesting as
GGO, RCTs may not be necessary to determine the optimal
lymphadenectomy strategy. Nevertheless, the necessity
to perform systematic lymphadenectomy, no matter in
GGO- or solid-predominant lung cancers, requires more
prospective studies to justify the indication.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the Guest Editor (Sara Ricciardi) for the series “Thoracic
Malignancy, Controversies in N Parameter” published
in AME Medical Journal. The article has undergone external
peer review.

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://amj.amegroups.
com/article/view/10.21037/amj-21-40/coif). The series
“Thoracic Malignancy, Controversies in N Parameter” was
commissioned by the editorial office without any funding or

© AME Medical Journal. All rights reserved.

AME Medical Journal, 2022

sponsorship. 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.

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. Torre LA, Bray F, Siegel RL, et al. Global cancer statistics,
2012. CA Cancer J Clin 2015;65:87-108.

2. Ten Haaf K, Tammemigi MC, Bondy S], et al.
Performance and Cost-Effectiveness of Computed
Tomography Lung Cancer Screening Scenarios
in a Population-Based Setting: A Microsimulation
Modeling Analysis in Ontario, Canada. PLoS Med
2017;14:e1002225.

3. Silva M, Pastorino U, Sverzellati N. Lung cancer
screening with low-dose CT in Europe: strength and
weakness of diverse independent screening trials. Clin
Radiol 2017;72:389-400.

4. 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. Oncology (Williston Park) 2016;30:266-74.

5. Berry MF, Gao R, Kunder CA, et al. Presence of
Even a Small Ground-Glass Component in Lung
Adenocarcinoma Predicts Better Survival. Clin Lung
Cancer 2018;19:e47-51.

6. Committee for Scientific Affairs, The Japanese Association
for Thoracic Surgery; Masuda M, Kuwano H, et al.
Thoracic and cardiovascular surgery in Japan during 2013:
Annual report by The Japanese Association for Thoracic
Surgery. Gen Thorac Cardiovasc Surg 2015;63:670-701.

7. Naruke T, Goya T, Tsuchiya R, et al. The importance
of surgery to non-small cell carcinoma of lung with

mediastinal lymph node metastasis. Ann Thorac Surg

AME Med 7 2022;7:24 | https://dx.doi.org/10.21037/amj-21-40


https://amj.amegroups.com/article/view/10.21037/amj-21-40/coif
https://amj.amegroups.com/article/view/10.21037/amj-21-40/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

AME Medical Journal, 2022

10.

11.

12.

13.

14.

15.

16.

17.

18.

1988;46:603-10.

Martini N, Flehinger BJ, Zaman MB, et al. Results

of resection in non-oat cell carcinoma of the lung

with mediastinal lymph node metastases. Ann Surg
1983;198:386-97.

Izbicki JR, Passlick B, Pantel K, et al. Effectiveness

of radical systematic mediastinal lymphadenectomy

in patients with resectable non-small cell lung cancer:
results of a prospective randomized trial. Ann Surg
1998;227:138-44.

Darling GE, Allen MS, Decker PA, et al. Randomized
trial of mediastinal lymph node sampling versus complete
lymphadenectomy during pulmonary resection in the
patient with NO or N1 (less than hilar) non-small cell
carcinoma: results of the American College of Surgery
Oncology Group Z0030 Trial. ] Thorac Cardiovasc Surg
2011;141:662-70.

Zhang J, Mao T, Gu Z, et al. Comparison of complete and
minimal mediastinal lymph node dissection for non-small
cell lung cancer: Results of a prospective randomized trial.
Thorac Cancer 2013;4:416-21.

Sugi K, Nawata K, Fujita N, et al. Systematic lymph node
dissection for clinically diagnosed peripheral non-small-
cell lung cancer less than 2 cm in diameter. World ] Surg
1998;22:290-4; discussion 294-5.

Ye T, Deng L, Wang S, et al. Lung Adenocarcinomas
Manifesting as Radiological Part-Solid Nodules Define a
Special Clinical Subtype. ] Thorac Oncol 2019;14:617-27.
Hattori A, Matsunaga T, Takamochi K, et al. Prognostic
impact of a ground glass opacity component in the clinical
T classification of non-small cell lung cancer. ] Thorac
Cardiovasc Surg 2017;154:2102-2110.el.

Hattori A, Matsunaga T, Takamochi K, et al. Neither
Maximum Tumor Size nor Solid Component Size Is
Prognostic in Part-Solid Lung Cancer: Impact of Tumor
Size Should Be Applied Exclusively to Solid Lung Cancer.
Ann Thorac Surg 2016;102:407-15.

Maglioco A, Machuca D, Mundifiano J, et al.
Lymphadenectomy exacerbates tumor growth while
lymphadenectomy plus the adoptive transfer of autologous
cytotoxic cells and low-dose cyclophosphamide induces
regression of an established murine fibrosarcoma. Cancer
Immunol Immunother 2011;60:389-99.

Ye T, Deng L, Xiang J, et al. Predictors of Pathologic
Tumor Invasion and Prognosis for Ground Glass Opacity
Featured Lung Adenocarcinoma. Ann Thorac Surg
2018;106:1682-90.

Miyoshi T, Aokage K, Katsumata S, et al. Ground-

© AME Medical Journal. All rights reserved.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 5 of 6

Glass Opacity Is a Strong Prognosticator for Pathologic
Stage TA Lung Adenocarcinoma. Ann Thorac Surg
2019;108:249-55.

Hattori A, Matsunaga T, Hayashi T, et al. Prognostic
Impact of the Findings on Thin-Section Computed
Tomography in Patients with Subcentimeter Non-Small
Cell Lung Cancer. ] Thorac Oncol 2017;12:954-62.
Hattori A, Hirayama S, Matsunaga T, et al. Distinct
Clinicopathologic Characteristics and Prognosis Based

on the Presence of Ground Glass Opacity Component in
Clinical Stage IA Lung Adenocarcinoma. ] Thorac Oncol
2019;14:265-75.

Aokage K, Miyoshi T, Ishii G, et al. Influence of Ground
Glass Opacity and the Corresponding Pathological
Findings on Survival in Patients with Clinical Stage I Non-
Small Cell Lung Cancer. ] Thorac Oncol 2018;13:533-42.
Fu E, Zhang Y, Wen Z, et al. Distinct Prognostic Factors
in Patients with Stage I Non-Small Cell Lung Cancer with
Radiologic Part-Solid or Solid Lesions. ] Thorac Oncol
2019;14:2133-42.

Rami-Porta R, Tsuboi M. Sublobar resection for lung
cancer. Eur Respir ] 2009;33:426-35.

Okada M, Koike T, Higashiyama M, et al. Radical
sublobar resection for small-sized non-small cell lung
cancer: a multicenter study. ] Thorac Cardiovasc Surg
2006;132:769-75.

NCCN clinical practice guidelines in oncology: Non-small
cell lung cancer (version 2.2020). Available online: https://
www.ncen.org/professionals/physician_gls/pdf/nscl.pdf.
Accessed 2020 1/15.

Asamura H, Hishida T, Suzuki K, et al. Radiographically
determined noninvasive adenocarcinoma of the lung:
survival outcomes of Japan Clinical Oncology Group 0201.
J Thorac Cardiovasc Surg 2013;146:24-30.

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). ]
Thorac Oncol 2017;35:abstr 8561.

Gajra A, Newman N, Gamble GP, et al. Effect of
number of lymph nodes sampled on outcome in patients
with stage I non-small-cell lung cancer. ] Clin Oncol
2003;21:1029-34.

Yoshida ], Nagai K, Yokose T; et al. Primary peripheral
lung carcinoma smaller than 1 cm in diameter. Chest
1998;114:710-2.

Ye B, Cheng M, Li W, et al. Predictive factors for lymph

AME Med 7 2022;7:24 | https://dx.doi.org/10.21037/amj-21-40



Page 6 of 6

31

32.

33.

34.

35.

node metastasis in clinical stage IA lung adenocarcinoma.
Ann Thorac Surg 2014;98:217-23.

Moon Y, Sung SW, Namkoong M, et al. The effectiveness
of mediastinal lymph node evaluation in a patient with
ground glass opacity tumor. ] Thorac Dis 2016;8:2617-25.
Hattori A, Matsunaga T, Takamochi K, et al.

Significance of Lymphadenectomy in Part-Solid Lung
Adenocarcinoma: Propensity Score Matched Analysis. Ann
Thorac Surg 2018;106:989-97.

Okada M, Nakayama H, Okumura S, et al. Multicenter
analysis of high-resolution computed tomography and
positron emission tomography/computed tomography
findings to choose therapeutic strategies for clinical stage
IA lung adenocarcinoma. ] Thorac Cardiovasc Surg
2011;141:1384-91.

Zhang Y, Fu F, Wen Z, et al. Segment Location and
Ground Glass Opacity Ratio Reliably Predict Node-
Negative Status in Lung Cancer. Ann Thorac Surg
2020;109:1061-8.

Zhang Y, Sun Y, Shen L, et al. Predictive factors of

lymph node status in small peripheral non-small cell lung

doi: 10.21037/amj-21-40
Cite this article as: Deng C, Zhang Y, Chen H. Is it really

necessary to perform mediastinal lymphadenectomy in surgery

for ground glass opacity-featured lung adenocarcinoma? AME
Med J 2022;7:24.

© AME Medical Journal. All rights reserved.

36.

38.

39.

AME Medical Journal, 2022

cancers: tumor histology is more reliable. Ann Surg Oncol
2013;20:1949-54.

Cheng X, Zheng D, Li Y, et al. Tumor histology predicts
mediastinal nodal status and may be used to guide

limited lymphadenectomy in patients with clinical stage

I non-small cell lung cancer. ] Thorac Cardiovasc Surg
2018;155:2648-2656.¢2.

. Liu S, Wang R, Zhang Y, et al. Precise Diagnosis of

Intraoperative Frozen Section Is an Effective Method to
Guide Resection Strategy for Peripheral Small-Sized Lung
Adenocarcinoma. J Clin Oncol 2016;34:307-13.

Zhang Y, Deng C, Fu F, et al. Excellent Prognosis of
Patients With Invasive Lung Adenocarcinomas During
Surgery Misdiagnosed as Atypical Adenomatous
Hyperplasia, Adenocarcinoma In Situ, or Minimally
Invasive Adenocarcinoma by Frozen Section. Chest
2021;159:1265-72.

Zhang Y, Fu E, Chen H. Management of Ground-Glass
Opacities in the Lung Cancer Spectrum. Ann Thorac Surg
2020;110:1796-804.

AME Med 7 2022;7:24 | https://dx.doi.org/10.21037/amj-21-40



