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Background: With widely use of computed tomography (CT) screening, an

increasing number of early-stage lung cancers appearing as ground glass

opacity (GGO) have been detected. Therefore, attempts have been made to

investigate the feasibility of segmentectomy instead of lobectomy for those

patients with GGO. However, the two recently released phase III trials failed to

distinguish between GGO-containing lesions from pure solid nodules in the

inclusion criteria, and the surgical methods did not distinguish between

minimally invasive surgery and open thoracotomy. In addition, total lesion size≤

2cm was taken as the inclusion criterion, instead of the solid part size

recommended in the eighth edition of Union for International Cancer Control/

International Association for the Study of Lung Cancer/American Joint Committee

on Cancer (UICC/IASLC/AJCC) staging system. Hence, this present trial aims to

figure out whether minimally invasive segmentectomy shows superiority in

perioperative outcomes and non-inferiority in oncological prognosis over

minimally invasive lobectomy among patients with GGO-containing clinical

stage T1a-T1b lung invasive adenocarcinoma (IADC).

Methods/design: Sample sizes are 1024 patients, who will be randomized into

minimally invasive segmentectomy and lobectomy groups . Patients will be

collected from 19 hospitals in China. Patients with peripheral mixed ground glass
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opacity (mGGO) with 0.5cm<total lesion size ≤ 3cm and 0.5cm<solid component

size ≤ 2cm in lung window on CT scan are enrolled. The primary endpoint is 5-year

recurrence-free survival (RFS). The secondary endpoints are 5-year overall survival

(OS), perioperative outcomes and pulmonary function preservation. Kaplan-Meier

curves are plotted to compare the survival outcomes between the two arms.

Subgroup analyses are also performed to investigate the benefit of

segmentectomy among different clinical variables.

Discussions: If the primary endpoint shows at least non-inferiority in 5-year RFS of

segmentectomy to lobectomy, minimally invasive segmentectomy can be

recommended as an alternative to minimally invasive lobectomy. If second

endpoints show non-inferior 5-year OS along with better perioperative

outcomes and/or better pulmonary function preservation of segmentectomy

compared with lobectomy after the primary endpoint has reached, minimally

invasive segmentectomy may become a preferred procedure for patients with

GGO-containing clinical stage T1a-T1b IADCs.

Trial registration: Chinese Clinical Trial Registry. Trial registration number:

ChiCTR2000037065.

Cl in ical t r ia l reg istrat ion: https : / /www.chict r .org .cn/ , ident ifier

ChiCTR2000037065.
KEYWORDS

segmentectomy, lobectomy, ground glass opacity, early-stage invasive lung
adenocarcinoma, minimally invasive surgery
Introduction

Lobectomy has been recommended as the standard procedure for

clinical stage I lung cancer less than 3cm since the Lung Cancer Study

Group (LCSG) trial was published in 1995. Sublobar resections

including anatomical segmentectomy were reserved as a palliative

procedure for high-risk patients who were functionally unfit for

standard lobectomy (1). Nowadays, the scenarios of both thoracic

surgery and disease profile have changed dramatically. The results of

the LCSG trial performed nearly three decades ago may not be

suitable to guide current practice.

First, the LCSG trial did not separate anatomical segmentectomy

from wedge resection when comparing sublobar resections with

lobectomy. In a propensity score matching analysis, anatomical

segmentectomy showed 20-30% survival benefit than wedge

resection in patients with stage I non-small cell lung cancer

(NSCLC) (2), indicating that the oncological efficacy of anatomical

segmentectomy may be different from wedge resection.

Second, the disease profile of lung cancers is quite different from

30 years ago. With the widespread use of computed tomography (CT)

screening (3), small-sized pulmonary nodules, especially those

containing ground glass opacity (GGO) component, are

increasingly detected. Different from pure solid pulmonary nodules,

the GGO component of a subsolid nodule is corresponding to non-

invasive histology, while the solid component is considered as the

invasive part of the lesion (4). In consequence, anatomical
02
segmentectomy is reconsidered as an intentional procedure for

selected patients with peripheral nodule ≤ 2cm, including

adenocarcinoma in situ or nodule≥50% GGO appearance on CT

scan or with a long doubling time under radiologic surveillance (≥400

days) according to the The National Comprehensive Cancer Network

(NCCN) guidelines (5). Accordingly, current indications of

segmentectomy as an intentional procedure cover only carcinoma

in situ (Tis), microinvasive adenocarcinoma (T1mi) and some of T1a

lesions (GGO-containing lesions sized ≤2cm with GGO component

>50% and solid component <1cm). Our previous study has found that

segmentectomy showed similar oncological results to lobectomy for

both T1a and T1b GGO-containing lung adenocarcinomas, as long as

the total lesion size was ≤3cm and the solid component size was ≤2cm

(6). Thus, further randomized controlled study is warranted to see

whether segmentectomy shows oncological non-inferiority to

lobectomy in patients with GGO-containing clinical stage T1a and

T1b invasive lung adenocarcinoma.

Third, thoracic surgery has come into the era of minimally

invasive surgery (MIS) including video-assisted thoracic surgery

(VATS) and robotic-assisted thoracic surgery (RATS). Compared

with open lobectomy, VATS lobectomy demonstrates a better

recovery of physical function according to the VIOLET study (7).

Besides, MIS presents less postoperative pain and better quality of life

after surgery, due to the rapid development of surgical skills and

minimally invasive technologies (8, 9). More importantly, long-term

oncological outcomes of MIS procedure are at least not inferior to
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open thoracotomy for early-stage lung cancers (10, 11). Now, MIS is

the preferred approach according to the guidelines.

For now, new evidences are in need to see if minimally invasive

segmentectomy is at least oncologically non-inferior to lobectomy in

patients with clinical stage T1a and T1b GGO-containing IADCs.

Also, it is important to answer whether MIS segmentectomy is indeed

superior in improving perioperative outcomes and pulmonary

function preservation. For these reasons, we are performing a

multi-institutional, prospective, open-label, randomized phase III

trial comparing the results of minimally invasive segmentectomy

versus lobectomy in patients with GGO-containing clinical stage

T1a-T1b invasive lung adenocarcinoma. The main purpose of this

article is to introduce the study protocol of this clinical trial.
Patients and methods

Study setting and objectives

This study is a prospective, multi-institutional, open-label,

randomized controlled phase III clinical trial in patients with

clinical stage T1a-T1b lung adenocarcinoma with GGO component

under the eighth edition tumor, node, metastasis (TNM)

classification. The aims of the study are to investigate whether

minimally invasive segmentectomy is non-inferior in oncological

outcomes, but is superior in preserving pulmonary function and/or

reducing perioperative risks, against minimally invasive lobectomy.

This multi-institutional clinical trial is undertaken by Shanghai Chest

Hospital, together with Zhongshan Hospital of Fudan University,

Huashan Hospital of Fudan University, the First Affiliated Hospital of

Zhejiang University School of Medicine, the Second Affiliated

Hospital of Zhejiang University School of Medicine, Jiangsu

Province People’s Hospital of Nanjing Medical University, Fujian

Medical University Union Hospital, Fujian Medical University

Cancer Hospital, Peking Union Medical College Hospital, Sixth

Medical Center of Chinese People’s Liberation Army General

Hospital, Sir Run Run Shaw Hospital, Liaoning Cancer Hospital &

Institute, Union Hospital of Tongji Medical College, the Fourth

Hospital of Hebei Medical University, the First Affiliated Hospital

of Chongqing Medical University, the Affiliated Cancer Hospital of

Zhengzhou University, the First Affiliated Hospital of Anhui Medical

University, Nanjing Drum Tower Hospital, Beijing Chaoyang

Hospital, Capital Medical University.

This study has been approved by the Institutional Review Board

of Shanghai Chest Hospital (IRB approval date: January 19, 2021 and

approve number: IS2112) and other participant hospitals. This

clinical trial has been registered at Chinese Clinical Trial Registry

(ChiCTR) (Registration number: ChiCTR2000037065).
Inclusion criteria

Patients will be eligible if they fulfill all the following inclusion

criteria. (1) Patient age is between 20 and 80 years old; (2) The

location of the primary lesion should be in the peripheral 1/3

pulmonary field, where both lobectomy and segmentectomy with
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satisfactory proximal margin can be achieved; (3) Segmentectomy

includes combined segmentectomy, but the extent of segmentectomy

should be <1/2 of the corresponding lobe; (4) The primary lesion

should appear as GGO containing on thin-sliced CT scan. Maximum

size of the lesion should >0.5cm and ≤3cm, with the solid component

size >0.5cm but ≤2cm on lung window (corresponding to cT1a-b); (5)

Patients with ipsilateral multiple nodules can be included only if there

are no more than 2 additional GGOs in a different lobe from the

primary lesion, and must be peripherally located that can be removed

by wedge resection. If the secondary lesion is a pure GGO, the size

should be <1cm. If the secondary lesion is a mixed GGO, the solid

component size should be <0.5cm. At most two wedge resections are

allowed during the simultaneous operation for the primary lesion; (6)

Patients with contralateral lesions can also be included if there are ≤3

GGO-containing lesions, with a solid component size smaller than

that in the primary lesion; (7) All patients should be functionally fit

for standard lobectomy and segmentectomy, with an American

Society of Anesthesiologists (ASA) score of I-III and spirometry

results of FEV1 ≥1.2L, FEV1% ≥60%, DLCO% ≥60%;(8) All

patients are voluntary to participate in this clinical trial and written

informed consents should be signed (Table 1).
Exclusion criteria

Patients will be excluded if any of the following exclusion criteria

is met. (1) The primary lesion is in the right middle lobe; (2) Lesions

requiring resection of more than 1/2 of the corresponding lobe, such

as a basal segmentectomy and left upper lobe tri-segmentectomy, to

guarantee resection margin; (3) Previous diagnosed malignancy

within 5 years; (4) Unstable angina pectoris or myocardial

infarction history within 6 months; (5) Stroke within 6 months; (6)

Previous history of ipsilateral thoracic surgery (Table 1).
Patient withdrawal

Apart from inclusion and exclusion criteria mentioned above,

those candidates will also be re-evaluated if any of the following

exclusion criteria is appeared during the entire study. (1) Benign

lesions or atypical adenomatous hyperplasia (AAH), adenocarcinoma

in situ (AIS), non-adenocarcinoma cancer is confirmed by

intraoperative frozen section or postoperative final pathology; (2)

Hilar or mediastinal lymph node metastasis is confirmed by

intraoperative frozen section; (3) Change of resection extent after

randomization; (4) Patient requires to withdrawal or terminate the

study for personal reasons (Table 1).
Preoperative examinations

Once the candidate is qualified, the informed consent will be

signed. The baseline characteristics of all the candidates, including

family history, smoking history, comorbidity, symptoms and signs,

would be collected. Before surgery, those qualified patients will take

full preoperative examinations and evaluations, including chest CT,
frontiersin.org
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abdominal CT or ultrasound, cervical ultrasound examinations. Head

magnetic resonance imaging (MRI) and positron emission

tomography/computed tomography (PET.CT) are also preferred for

the prevention of cancer metastasis, especially for patients with

clinical T1b NSCLCs. Besides, preoperative pulmonary function

examination as well as serum tumor markers will also be tested

before surgery. In addition, each patient will receive simplified

bedside pulmonary function examination the day before operation.

All the preoperative examination and evaluation data will be entered

into an investigator initiated trial Electronic Data Capture (IIT-EDC)

System (Taimei Technology, Zhejiang Province, China) an electronic

data collection system.
Randomization

Central randomization will be performed and the patients will be

randomized in a 1:1 ratio to either a minimally invasive anatomical

segmentectomy group or a minimally invasive lobectomy group.

Randomization will take place the day before surgery through a

Central Randomization System based on the IIT-EDC.
Frontiers in Oncology 04
Surgery

Minimally invasive thoracic surgery including both VATS and

RATS is required for this trial, including single-port, two-port, three-

port or four-port incisions without rib spreading. Lobectomy and

segmentectomy should be anatomically resected. The hilar structures

should be separated and pulmonary vessels and bronchus should be

divided respectively. Lobar fissure and intersegmental plane should be

managed either by stapler alone or by stapler together with energy

devices. Both segmentectomy and lobectomy groups should receive

systemic lymph node dissection or sampling according to the NCCN

guidelines (5).

Intraoperative frozen pathology is required for the resected

specimen, including the pulmonary surgical margin of

segmentectomy. If the segmental resection margin is positive of

malignancy on frozen section, segmentectomy should be converted

to lobectomy. All the intraoperative data including intraoperative

complications will be carefully recorded. In addition, preoperative

imaging, peripheral blood sample and intraoperative tumor specimen

of each patient will also be collected for further exploratory

research (Figure 1).
TABLE 1 Patient inclusion and exclusion criteria.

Inclusion criteria

1. Age between 20 and 80 years old;

2. Lesion locates in the peripheral 1/3 pulmonary field, and both lobectomy and segmentectomy (satisfied margin) can be done;

3. Segmentectomy includes combined segmentectomy, but the extent of segmentectomy should <1/2 of the lobe;

4. The primary lesion should appear as GGO containing on thin-sliced CT scan. Maximum size of the lesion should >0.5cm and ≤3cm, with the solid component size >0.5cm
but ≤2cm on lung window;

5. Patients with ipsilateral multiple nodules can be included only if there are no more than 2 additional GGOs in a different lobe from the primary lesion, and must be
peripherally located that can be removed by wedge resection. If the secondary lesion is a pure GGO, the size should be <1cm. If the secondary lesion is a mixed GGO, the solid
component size should be <0.5cm. At most two wedge resections are allowed during the simultaneous operation for the primary lesion;

6. Patients with contralateral lesions can also be included if there are ≤3 GGO-containing lesions, with a solid component size smaller than that in the primary lesion;

7. All patients should be functionally fit for standard lobectomy and segmentectomy, with ASA score of I-III and spirometry results of FEV1 ≥1.2L, FEV1% ≥60%, DLCO%
≥60%;

8. All patients are voluntary to participate in this clinical trial and written informed consents should be signed;

Exclusion criteria

1. The primary lesion is in the right middle lobe;
2. Lesions requiring resection of more than 1/2 of the corresponding lobe, such as a basal segmentectomy and left upper lobe tri-segmentectomy;

3. Previous diagnosed malignancy within 5 years;

4. Unstable angina pectoris or myocardial infarction history within 6 months;

5. Stroke within 6 months;
6. Previous history of ipsilateral thoracic surgery.

Patient withdrawal

1. Benign lesions or AAH, AIS, non-adenocarcinoma cancer confirmed by intraoperative frozen section or postoperative final pathology;

2. Hilar or mediastinal lymph node metastasis confirmed by intraoperative frozen section;

3. Change of resection extent after randomization;

4. Patient requires to withdrawal or terminate the study for personal reasons.
GGO, ground glass opacity; FEV1, the forced expiratory volume in one second; DLCO, diffusing capacity of the lung for carbon monoxide; ASA, American Society of Anesthesiologists; AAH, atypical
adenomatous hyperplasia; AIS, adenocarcinoma in situ.
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Postoperative managements

After surgery, digital drainage is preferred for chest drains to record

the degree of airleak. Re-expansion of the residual lung will be

calculated on chest X-ray on the first postoperative day (POD1)

(Figure 2). Simplified bedside pulmonary function examination will

be repeated on POD2. During the postoperative in-hospital interval, all

the postoperative information along with complications will be

recorded. The Common Terminology Criteria for Adverse Events

(CTCAE) version 5.0 is used for determining postoperative

complications where the severity ≥2 is considered as the occurrence

of postoperative complications. Specifically, the definition of prolonged

air leak is considered as air leak ≥5 days after pulmonary resection.
Pathological evaluation

Pathological examinations include intraoperative fast frozen

evaluation and postoperative final pathology examination. For frozen

section, the resected specimen, the margin of resected bronchus and the
Frontiers in Oncology 05
pulmonary surgical margin of segmentectomy will be assessed during

surgical operations by an experienced pathologist. Specially, for the

pulmonary surgical margin of segmentectomy, the shortest distance

between the tumor and the pulmonary surgical margin should be

measured. In the final pathology, routine examinations should at least

include number of tumors, tumor location, tumor size, pathological types

and subtypes, status of pleural invasion (PI), status of lymphovascular

invasion (LVI), status of spread through air spaces (STAS), numbers of

resected lymph nodes and lymph node stations. Histological subtypes

and subtype percentage of invasive adenocarcinoma should be all

presented according to the World Health Organization (WHO)

classification of lung tumors (12, 13). Gene mutations test by next-

generation sequencing is encouraged for each participant.
Postoperative adjuvant therapy

Whether postoperative adjuvant therapy is necessary will be

evaluated by thoracic surgeons according to the final pathology of

each patient. For patients with pathological stage IA NSCLC, routine

follow-up strategy is recommended. For patients with pathological

stage II-IIIA NSCLC and high-risk stage IB NSCLC (such as those

with solid or micropapillary component, PI, LVI, STAS, etc.),

platinum-based chemotherapy is recommended. Adjuvant targeted

therapy and immunotherapy can also be considered for well-selected

pathological stage IB-IIIA NSCLC patients.
Follow-up

Each qualified patient after surgical resection should take

postoperative follow-up in out-patient department. Within the first

month after operation, patient will receive chest X-ray examination to

assess the extent of residual lung expansion after radical resection.

Pulmonary function examination via spirometry test will be

performed in each participant at 6 months after surgery. In the first

three years after surgery, patients need to receive chest CT scanning,

neck and abdomen ultrasound examination and serum tumor

markers every six months. Thereafter, the above examinations need

to be repeated once a year until the fifth year after operation. All

follow-up information is carefully recorded.
Study endpoints

The primary endpoint is 5-year recurrence-free survival (RFS),

calculated from the date of surgery to the date of cancer recurrence or

patient death or the last follow-up. The secondary endpoints are 5-year

overall survival (OS), perioperative outcomes and pulmonary function

preservation. OS is calculated from the date of surgical resection to the

date of patient death or the last follow-up. Perioperative outcomes

include blood loss, operation time, morbidity rate, mortality rate, chest

drain duration, length of hospital stay, and residual lung re-expansion.

Pulmonary function change will be evaluated on short-term (the

second day after surgical operation) and on long-term (6 month

after operation) after surgery. 5% difference in FEV1 at 6 months

after surgery is set as the secondary end point between the
FIGURE 2

The collapse rate of lung after operation.
FIGURE 1

The study flowchart of the Ground Glass Opacity Resection Extent
Assessment Trial (GREAT).
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segmentectomy and the lobectomy groups. Exploratory research

includes prediction of histological subtypes on preoperative imaging

using artificial intelligence (AI). We also try to explore the

characteristics of gene mutation status via next-generation

sequencing (NGS) among GGO-containing early-stage NSCLCs.
Sample size calculation

Expected 5-year RFS is 91% according to a previous study at

Shanghai Chest Hospital (6). With a one-sided alpha error of 5% and

at least 80% power and a non-inferiority margin of 5% along with a

drop-out rate of 5%, the sample size of this study requires

1024 patients.
Statistical analysis

A two-sided p<0.05 is set as a statistical difference. Pearson c2 or
Fisher’s exact test and Student t test are performed for the comparison

of baseline characteristics, perioperative outcomes and the pulmonary

functions. Comparisons of OS and RFS between minimally invasive

segmentectomy and lobectomy groups are all estimated by Kaplan-

Meier method and testified by the two-side Log-rank test. Cox

proportional hazard regression model will be used to evaluate the

hazard ratio of minimally invasive segmentectomy group and

minimally invasive lobectomy group for OS and RFS, respectively.

Subgroup analyses will also be performed by total lesion size ≤ 2cm or

2cm-≤3cm. Intention to treat analysis (ITT) will be performed for all

enrolled patients. Per protocol analysis (PP) will be performed for

patients who have completed the trial in compliance with the protocol.
Discussion

In a systemic review and meta-analysis, intentional segmentectomy

showed non-inferiority in overall survival and disease-free survival

compared with lobectomy for patients with early-stage NSCLCs (14).

Intentional anatomical segmentectomy has been transformed from

palliative surgery into curative treatment for those well-selected

patients. Nevertheless, whether anatomical segmentectomy can be

accepted as the standard of care for patients with GGO-containing

early-stage NSCLC is still controversial, mostly because of lack of

evidences for its benefit on pulmonary function preservation and

reduction in peri-operative risks in comparison with lobectomy.

Recently, two phase III trials comparing sublobar resections with

lobectomy, including Cancer and Leukemia Group B (CALGB) 140503

and Japan Clinical Oncology Group (JCOG) 0802 have released follow-

up results. First of all, in both CALGB 140503 and the JCOG 0802,

lesions containing GGO were not distinguished from pure solid nodules

(PSN) (15, 16). However, NSCLCs with GGO component demonstrate

relatively indolent biological behavior than pure solid lesions including

less lymph node involvement, rare distant metastasis and better

oncological prognosis (6, 17). Therefore, mixing GGO-containing

nodule and SPN together will affect the results of prognosis analysis.

Our trial recruits only GGO-containing lesions. And the inclusion criteria

of JCOG 0802 and CALGB 140503 were based on the 7th TNM staging
Frontiers in Oncology 06
system, which includes patients with nodule size ≤ 2cm and solid

components ≤ 2cm (cT1a-bN0M0 according to 8th TNM staging).

This proposed trial, however, includes GGO-containing lesions with

total diameter ≤ 3cm and solid components less than 2cm, which are also

cT1a-bN0M0 but pertain to the 8th edition TNM staging.

Apart from the differences in inclusion criteria, the surgery approach

and resection extent are different in this designed trial. No surgical

approach was specified in either CALGB 140503 and JCOG 0802, which

means that minimally invasive and open surgery can all be used (15, 16).

Thoracic surgery has come into the era of minimally invasive surgery,

which helps to reduce surgical trauma and function loss compared with

traditional open thoracotomy. So, in this trial, the surgical approach is

limited to minimally invasive surgery. The extent of pulmonary resection

has now become the dominant factor on surgical risks and functional

recovery. Unlike the sublobar group of CALGB 140503, which did not

distinguish between wedge resection and segmentectomy, patients in

JCOG 0802 were only divided into segmentectomy group and lobectomy

group. While in JCOG 0802, there was no restriction on number of

segments resected in the segmentectomy group. Segmentectomy in the

GREAT study must be less than 1/2 of the corresponding lobe. If the

number of segments removed ≥1/2 of the total segments of

corresponding lobe, the patients will be withdrawn from the study.

Theoretically, when less lung tissue is removed, more lung function

may be retained. However, pulmonary function preservation has failed to

reach the expected level of 10% in the JCOG 0802 trial (16). From our

previous study, if the number of segments removed ≥1/2 of the total

segments of corresponding lobe, then the lung function loss of

segmentectomy is similar to that of lobectomy (18). And in this previous

observational study, VATS segmentectomy could reserve about 4-5%more

FEV1 than corresponding VATS lobectomy. So, in the GREAT trial,

segmentectomy is expected to have 5% less FEV1 loss than lobectomy.

Only with such evidences can early-stage lung cancer patients

truly benefit from the advent of modern surgical techniques.

Conclusions

If the primary endpoint shows at least a non-inferiority in 5-year RFS

after surgery, minimally invasive segmentectomy can be recommended as

an alternative to minimally invasive lobectomy. If the second endpoints

shownon-inferiority in 5-yearOS alongwith better perioperative outcomes

and/or better pulmonary function preservation of segmentectomy

compared with lobectomy after the primary endpoint has reached,

minimally invasive segmentectomy may become a preferred procedure

for patients with GGO-containing clinical stage T1a-T1b IADCs.
Data availability statement

The original contributions presented in the study are included in

the article/supplementary material. Further inquiries can be directed

to the corresponding author.

Ethics statement

This study has been approved by the Institutional Review Board of

Shanghai Chest Hospital (IRB approval date: January 19, 2021 and
frontiersin.org

https://doi.org/10.3389/fonc.2023.1052796
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Li et al. 10.3389/fonc.2023.1052796
approve number: IS2112) and other participant hospitals. This clinical

trial has been registered at Chinese Clinical Trial Registry (ChiCTR)

(Registration number: ChiCTR2000037065). The patients/participants

provided their written informed consent to participate in this study.
Author contributions

Concept Proposal: WF. Survey and Data Summary: HL and YW.

Data Collection, analysis and statistics: YC and CZ. Research

Regulatory: WF. Writing – Draft, proofreading and editing: HL and

YW. All authors contributed to the article and approved the

submitted version.
Funding

This study was financially supported by National Multi-

Disciplinary Treatment Project for Major Diseases of China

(2020NMDTP) and Shanghai Shenkang Hospital Development

Center (SHDC2020CR1023B).
Frontiers in Oncology 07
Acknowledgments

The GREAT trial group thanks all the patients and medical staff

participating in this study.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Ginsberg RJ, Rubinstein LV. Randomized trial of lobectomy versus limited resection
for T1 N0 non-small cell lung cancer. Ann Thorac Surg (1995) 60(3):615–23. doi: 10.1016/
0003-4975(95)00537-U

2. Smith CB, Swanson SJ, Mhango G, Wisnivesky JP. Survival after segmentectomy
and wedge resection in stage I non-small-cell lung cancer. J Thorac Oncol (2013) 8(1):73–
8. doi: 10.1097/JTO.0b013e31827451c4

3. National Lung Screening Trial Research T, Aberle DR, Adams AM, Berg CD, Black
WC, Clapp JD, et al. Reduced lung-cancer mortality with low-dose computed
tomographic screening. N Engl J Med (2011) 365(5):395–409. doi: 10.1056/
NEJMoa1102873

4. Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger KR, Yatabe Y, et al.
International association for the study of lung cancer/american thoracic society/european
respiratory society international multidisciplinary classification of lung adenocarcinoma. J
Thorac Oncol (2011) 6(2):244–85. doi: 10.1097/JTO.0b013e318206a221

5. Ettinger DS, Wood DE, Aisner DL. Non-small cell lung cancer, version 1.2022[EB/
OL] (2021). Available at: https://www.nccn.org.

6. Lin B, Wang R, Chen L, Gu Z, Ji C, Fang W. Should resection extent be decided by
total lesion size or solid component size in ground glass opacity-containing lung
adenocarcinomas? Transl Lung Cancer Res (2021) 10(6):2487–99. doi: 10.21037/tlcr-21-132

7. Lim E, Batchelor TJP, Dunning J, Shackcloth M, Anikin V, Naidu B, et al. Video-
assisted thoracoscopic or open lobectomy in early-stage lung cancer. NEJM Evidence
(2022) 1(3). doi: 10.1056/EVIDoa2100016

8. Yan TD, Cao C, D’Amico TA, Demmy TL, He J, Hansen H, et al. Video-assisted
thoracoscopic surgery lobectomy at 20 years: A consensus statement. Eur J Cardiothorac
Surg (2014) 45(4):633–9. doi: 10.1093/ejcts/ezt463

9. Bendixen M, Jørgensen OD, Kronborg C, Andersen C, Licht PB. Postoperative pain
and quality of life after lobectomy via video-assisted thoracoscopic surgery or
anterolateral thoracotomy for early stage lung cancer: A randomised controlled trial.
Lancet Oncol (2016) 17:836–44. doi: 10.1016/S1470-2045(16)00173-X

10. Paul S, Isaacs AJ, Treasure T, Altorki NK, Sedrakyan A. Long term survival with
thoracoscopic versus open lobectomy: Propensity matched comparative analysis using
SEER-Medicare database. BMJ (2014) 349:g5575. doi: 10.1136/bmj.g5575
11. Dziedzic D, Orlowski T. The role of VATS in lung cancer surgery: Current status
and prospects for development. Minim Invasive Surg (2015) 2015:938430. doi: 10.1155/
2015/938430

12. Travis WD, Brambilla E, Nicholson AG, Yatabe Y, Austin JHM, Beasley MB, et al.
The 2015 world health organization classification of lung tumors: Impact of genetic,
clinical and radiologic advances since the 2004 classification. J Thorac Oncol (2015) 10
(9):1243–60. doi: 10.1097/JTO.0000000000000630

13. Nicholson AG, Tsao MS, Beasley MB, Borczuk AC, Brambilla E, Cooper WA, et al.
The 2021 WHO classification of lung tumors: Impact of advances since 2015. J Thorac
Oncol (2022) 17(3):362–87. doi: 10.1016/j.jtho.2021.11.003

14. Cao C, Chandrakumar D, Gupta S, Yan TD, Tian DH. Could less be more?-A
systematic review and meta-analysis of sublobar resections versus lobectomy for non-
small cell lung cancer according to patient selection. Lung Cancer (2015) 89(2):121–32.
doi: 10.1016/j.lungcan.2015.05.010

15. Altorki NK, Wang X, Wigle D, Gu L, Darling G, Ashrafi AS, et al. Perioperative
mortality 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). Lancet Respir Med (2018) 6(12):915–24. doi: 10.1016/S2213-2600(18)
30411-9

16. Saji H, Okada M, Tsuboi M, Nakajima R, Suzuki K, Aokage K, et al.
Segmentectomy versus lobectomy in small-sized peripheral non-small-cell lung cancer
(JCOG0802/WJOG4607L): A multicentre, open-label, phase 3, randomised, controlled,
non-inferiority trial. Lancet (2022) 399(10335):1607–17. doi: 10.1016/S0140-6736(21)
02333-3

17. Tsutani Y, Miyata Y, Yamanaka T, Nakayama H, Okumura S, Adachi S, et al. Solid
tumors versus mixed tumors with a ground-glass opacity component in patients with
clinical stage IA lung adenocarcinoma: Prognostic comparison using high-resolution
computed tomography findings. J Thorac Cardiovasc Surg (2013) 146(1):17–23. doi:
10.1016/j.jtcvs.2012.11.019

18. Chen L, Gu Z, Lin B, Wang W, Xu N, Liu Y, et al. Pulmonary function changes
after thoracoscopic lobectomy versus intentional thoracoscopic segmentectomy for early-
stage non-small cell lung cancer. Transl Lung Cancer Res (2021) 10(11):4141–51. doi:
10.21037/tlcr-21-661
frontiersin.org

https://doi.org/10.1016/0003-4975(95)00537-U
https://doi.org/10.1016/0003-4975(95)00537-U
https://doi.org/10.1097/JTO.0b013e31827451c4
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1097/JTO.0b013e318206a221
https://www.nccn.org
https://doi.org/10.21037/tlcr-21-132
https://doi.org/10.1056/EVIDoa2100016
https://doi.org/10.1093/ejcts/ezt463
https://doi.org/10.1016/S1470-2045(16)00173-X
https://doi.org/10.1136/bmj.g5575
https://doi.org/10.1155/2015/938430
https://doi.org/10.1155/2015/938430
https://doi.org/10.1097/JTO.0000000000000630
https://doi.org/10.1016/j.jtho.2021.11.003
https://doi.org/10.1016/j.lungcan.2015.05.010
https://doi.org/10.1016/S2213-2600(18)30411-9
https://doi.org/10.1016/S2213-2600(18)30411-9
https://doi.org/10.1016/S0140-6736(21)02333-3
https://doi.org/10.1016/S0140-6736(21)02333-3
https://doi.org/10.1016/j.jtcvs.2012.11.019
https://doi.org/10.21037/tlcr-21-661
https://doi.org/10.3389/fonc.2023.1052796
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Ground glass opacity resection extent assessment trial (GREAT): A study protocol of multi-institutional, prospective, open-label, randomized phase III trial of minimally invasive segmentectomy versus lobectomy for ground glass opacity (GGO)-containing early-stage invasive lung adenocarcinoma
	Introduction
	Patients and methods
	Study setting and objectives
	Inclusion criteria
	Exclusion criteria
	Patient withdrawal
	Preoperative examinations
	Randomization
	Surgery
	Postoperative managements
	Pathological evaluation
	Postoperative adjuvant therapy
	Follow-up
	Study endpoints
	Sample size calculation
	Statistical analysis

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


