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Abstract: Lung cancer remains the leading cause of death in cancer patients. The gold standard 

for the treatment of early-stage non-small-cell lung cancer is lobectomy with mediastinal lymph-

node dissection or systematic lymph-node sampling. The evidence behind this recommendation 

is based on the sole randomized controlled trial conducted to date, done by the Lung Cancer 

Study Group and published in 1995, which found a superiority for lobectomy over sublobar 

resection with regard to local recurrence rate and improved survival. The population studied at 

that time were medically fit patients at low risk for surgery with a stage IA non-small-cell lung 

carcinoma, ie, a solitary tumor less than 3 cm in size. In practice, however, thoracic surgeons have 

continued to push the limit of a more conservative surgical resection in this patient population. 

Since then, several retrospective studies have attempted to identify the ideal population to benefit 

from sublobar resection without it affecting survival or local recurrence. Several variables have 

been studied, including tumor size, patient age, surgical approach, histological and radiological 

properties, and optimal surgical resection margin, as well as promising prognostic biomarkers. 

In this review, we summarize the data available in the literature regarding the surgical approach 

to patients with stage IA non-small-cell lung cancer studying all the aforementioned variables.

Keywords: segmentectomy, wedge resection, lung cancer, lobectomy, non-small-cell lung 

cancer, sublobar resection

Introduction
Despite all advances in screening and therapy, lung cancer remains the leading cause 

of cancer-related death in the US, with an estimated 224,390 new cases and 158,080 

deaths annually.1 According to current guidelines, staging of lung cancer dictates the 

treatment plan. As per the seventh edition of TNM staging, early-stage lung cancer, 

specifically stage IA non-small-cell lung cancer (NSCLC), is defined as a tumor 

size of less than 3 cm surrounded by lung or visceral pleura without invasion more 

proximal than the lobar bronchus.2 The gold standard for the treatment of stage IA 

NSCLC has been lobectomy with mediastinal lymph-node dissection or systematic 

lymph-node sampling.3 The bulk of the evidence behind this recommendation is based 

on a single randomized controlled trial done by the Lung Cancer Study Group (LCSG) 

and published in 1995.4 The aim of this study was to try and prove noninferiority 

of sublobar resections, such as segmentectomy and wedge resection, when chosen 

electively in medically fit patients. Segmentectomy is a more technically challeng-

ing anatomic resection, while wedge resection is a nonanatomic resection where the 

pulmonary lesion is removed surrounded by a margin of normal lung parenchyma. 
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However, the LCSG trial showed a threefold increase in 

local recurrence and a slightly significant decrease in overall 

survival (OS) following sublobar resection. It is important 

to note that no other randomized controlled study studying 

this subject has been conducted since, and the remainder 

of the evidence we have now stems mainly from retrospec-

tive analysis.

While lobectomy was standardized as the surgical treat-

ment for stage IA NSCLC and remained so for the following 

20 years, it would not be erroneous to assume that the popu-

lation studied at the time the LCSG study completed enroll-

ment in 1988 was different from the early-stage lung cancer 

population of today. This was prior to the introduction of 

positron-emission tomography with fludeoxyglucose, as well 

as the improvement in resolution of computed tomography 

(CT) scanners, which allow for better staging of the disease, 

better assessment of lymph-node involvement, and diagnosis 

of lung cancer at an earlier stage. Precise identification of 

minor changes in the density within ground-glass nodules 

and a better understanding of histological tumor biology 

introduced subgroups with indolent behavior and more favor-

able outcomes. In addition, the US Preventive Services Task 

Force since 2004 has integrated low-dose CT in adults aged 

55–80 years who have a 30 pack-year smoking history and 

currently smoke or have quit within the past 15 years as part 

of their screening guidelines. Modeling studies conducted by 

the Cancer Intervention and Surveillance Modeling Network 

investigators for the Preventive Services Task Force suggest 

that implementing such a screening protocol would result in 

approximately 50% of lung cancer cases being detected at an 

early stage.5 Simultaneously, advances in surgical technique, 

as well as the use of video-assisted thoracoscopic surgery, 

which allow for better tolerated resections, have brought older 

and higher-risk populations into consideration for anatomic 

resection. In this review, we discuss recent data regarding 

the options available for the treatment of stage IA NSCLC, 

as well as the evidence guiding the choices on which patient 

population would benefit most from each technique.

Surgical options
The LCSG trial was fueled by a trend toward using sublobar 

resection in patients with stage IA NSCLC who are at low 

risk for surgery. To refer to these patients, we will be using 

the term “intentional” sublobar resection, as opposed to a 

“compromised” sublobar resection, where the elevated surgi-

cal risk or a low pulmonary reserve obliges the surgeon to 

opt for a sublobar resection. The LCSG trial analyzed data 

on 247 patients that were randomized to either lobectomy or 

sublobar resection. In patients undergoing sublobar resection, 

tripling of the local recurrence rate (P=0.008, two-sided) was 

observed. The overall death rate increased by 30% and the 

cancer-related death rate increased by 50% in the sublobar 

resection group (P=0.094, one-sided), which was significant. 

When the 12- to 18-month pulmonary function tests were 

compared with the baseline pulmonary function tests, the 

changes in both groups were similar and showed no statisti-

cally significant difference between the two methods.4 While 

the conclusion drawn from this study is that lobectomy should 

remain the standard of care for stage IA NSCLC, several 

limitations of this study should be pointed out.

The one-sided P-value used to test for significance was set 

at 0.1, and thus the survival-rate difference was only barely 

significant and exceeded the usual cutoff value of 0.05. The 

investigators in this study justified taking a higher P-value 

with the fact that this was an equivalence study, where higher 

P-values are used to avoid the more dangerous false-negative 

conclusion. Wedge resections and segmentectomies were 

categorized under the same group. Approximately 33% of 

the patients in the sublobar resection group underwent wedge 

resection, which is not an anatomical dissection, and critics 

argue that it can be associated with a higher recurrence rate 

and thus might have skewed the results. CT scans were not 

performed on a routine basis to stage patients accurately. 

Finally, only 66% of patients were compliant with the 1-year 

assessment of pulmonary function testing. Several surgeons 

remained skeptical, and subsequent retrospective analyses 

were performed attempting to validate or refute the findings 

of the LCSG trial, as well as to explore various outcomes 

according to tumor size, histology, patient characteristics, 

and surgical techniques used.

Survival and recurrence rate
Multiple retrospective series have studied survival- and 

recurrence-rate differences between patients treated with 

lobectomy versus sublobar resections and demonstrated 

conflicting results. Landrenau et al analyzed 219 consecutive 

patients with pathologic stage I (T1, N0, MO) that underwent 

either lobectomy or wedge resection (open or thoracoscopic 

approach), and found no difference in postoperative mortality 

between the different groups, with a P-value of 0.2. Post-

operative length of stay was shorter in the wedge-resection 

groups, with an average of 7.7 days using the open approach 

and 6.3 days using the video-assisted thoracoscopic surgery 

(VATS) approach vs 10.6 days for the lobectomy group, 

with a P-value of 0.0002. Local recurrence rate was higher 

in the wedge-resection groups, with 24% and 16% using 
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the open and VATS approach, respectively, versus 9% in the 

lobectomy group, but this result was nonsignificant, with a 

P-value of 0.07. Although the patient population undergoing 

wedge resection included compromised patients that were 

generally older and with poorer pulmonary function, the 

Kaplan–Meier survival proportions for all causes appeared 

nearly identical at 1 year, and over the entire 5-year study 

period did not differ significantly between the wedge-resec-

tion groups (open or VATS approach) and the lobectomy 

group (P=0.056). Non-cancer-related deaths, however, were 

higher in the wedge-resection groups than in the lobectomy 

group (P=0.014). This difference was specifically higher in 

the open wedge-resection group compared to the lobectomy 

group, with a P-value of 0.005.6

Khullar et al utilized the National Cancer Database to 

study retrospectively (after propensity-score matching) 

three groups of 987 patients with early NSCLC undergoing 

segmentectomy, wedge resection, or lobectomy. They found 

that 30-day mortality was 1.6% for lobectomy, 1.51% for 

wedge resection, and 1.55% for segmentectomy, without any 

statistically significant difference (P=0.868). Median OS for 

lobectomy, segmentectomy, and wedge resection was 99.5 

(95% CI 96.8–105), 74 (95% CI 65.7–87.4), and 67.9 (95% 

CI 63.6–71.3) months, respectively. Segmentectomy and 

wedge resection were thus associated with worse OS, with 

an HR of 1.7 (95% CI 1.29–2.26, P<0.001) and 1.45 (95% 

CI 1.1–1.91, P=0.009), respectively.7

A systematic review and meta-analysis was then per-

formed by Cao et al to try and reconcile the conflicting results 

from previous studies, including the aforementioned. A total 

of 54 studies from six online databases were selected and 

classified into three analysis groups: sublobar resection vs 

lobectomy, wedge resection vs lobectomy, and segmentec-

tomy vs lobectomy. Inside each analysis group, the studies 

were also divided according to their patient selection criteria 

into “intentional”, “compromised”, and “not specified”, then 

analyzed separately. Overall and disease-free survival were 

the outcomes studied. In the sublobar resection versus lobec-

tomy group, comparative data demonstrated no significant 

difference in OS in the intentional group (HR 0.85, 95% 

CI 0.46–1.57; P=0.6), but significantly worse outcomes for 

sublobar resections in the compromised group (HR 1.41, 95% 

CI 1.2–1.66; P<0.0001), as well as the unspecified group (HR 

1.4, 95% CI 1.32–1.48; P<0.00001). There were no studies 

included that looked at disease-free survival where patients 

were selected with intentional criteria. However, disease-free 

survival was inferior in both the compromised group (HR 

1.48, 95% CI 1.1–1.99; P=0.01) and the unspecified group 

(HR 1.46, 95% CI 1.07–1.99; P=0.02). In the segmentectomy 

versus lobectomy group, comparative data demonstrated no 

significant difference in OS in the intentional group (HR 

0.94, 95% CI 0.52–1.68; P=0.83) or the unspecified group 

(HR 1.05, 95% CI 0.83–1.32; P=0.7), but significantly worse 

outcomes for segmentectomy in the compromised group 

(HR 1.56, 95% CI 1.05–2.32; P=0.03). There was no sig-

nificant difference in disease-free survival in the intentional 

(HR 0.94, 95% CI 0.52–1.68; P=0.37), compromised (HR 

1.25, 95% CI 0.86–1.81; P=0.25), or unspecified (HR 1.29, 

95% CI 0.64–2.58; P=0.48) groups. In the wedge resection 

versus lobectomy group, comparative data demonstrated no 

significant difference in OS in the intentional group (HR 

0.75, 95% CI 0.11–5.11; P=0.77), but a significantly worse 

outcomes for wedge resection in the compromised group (HR 

1.8, 95% CI 1.26–2.57; P=0.001), as well as the unspecified 

group (HR 1.52, 95% CI 1.12–2.06; P=0.007). There were 

no studies included that looked at disease-free survival where 

patients were selected with unspecified criteria. Disease-free 

survival was similar in the intentional group (HR 0.54, 95% 

CI 0.14–2.1; P=0.38), but worse in the compromised group 

(HR 2.01, 95% CI 1.3–3.09; P=0.002). The main conclu-

sion to be drawn from this meta-analysis is that sublobar 

resection, specifically segmentectomy, when chosen in the 

appropriate intentionally selected patient, has similar overall 

and disease-free survival. To identify those patients who were 

potentially suitable for sublobar resections, the selection pro-

cess of individual studies involving the intentionally selected 

patients was extracted from the eleven identified comparative 

studies. The common criteria found were tumor size <2 cm, 

peripheral location with a margin of at least 2–3 cm, and a 

high proportion of ground-glass opacity (GGO) demonstrated 

on high-resolution CT (HRCT).8

Tumor size
The cutoff for tumor size used in the LCSG trial was 3 cm.4 

Several researchers have attempted to study whether smaller 

tumors might have shown oncologic equivalence between 

lobectomy and sublobar resection. Okada et al9 reviewed 

the records of 1,272 consecutive patients who underwent 

complete resection for NSCLC. These patients were divided 

using tumors of 10 mm or less, 10–20 mm, 20–30 mm, and 

greater than 30 mm in diameter. The 5-year overall and 

cancer-specific survival were the outcomes studied after 

lobectomy, segmentectomy, or wedge resection. Overall 

5-year survival for patients with pathologic stage I disease 

in these four groups was 86%, 83.8%, 75.3%, and 67%, 

respectively. Cancer-specific 5-year survival for patients with 
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pathologic stage I disease in these four groups was 100%, 

92.6%, 84.1%, and 76.4%, respectively. It is important to 

note that with all surgical procedures combined, 5-year 

overall and cancer-specific survival for NSCLC tumors 10 

20 mm and 20–30 mm was statistically significant, with 

P=0.097 and P=0.006, respectively. On the other hand, 5 

year overall and cancer-specific survival for NSCLC tumors 

20–30 mm and above 30 mm was similar, with P=0.2199 and 

P=0.1101, respectively. Okada et al then divided patients 

with pathologic stage I NSCLC into three groups of tumor 

size 20 mm and less, 20–30 mm, and greater than 30 mm 

in diameter and analyzed cancer-specific survival according 

to the operative procedure used. After lobectomy, the 5-year 

cancer-specific survival rate for tumors 20 mm and less, 

20–30 mm, and greater than 30 mm in diameter was 96.7%, 

87.4%, and 81.3%, respectively. After segmentectomy, the 

5-year cancer-specific survival rate for tumors 20 mm and 

less, 20–30 mm, and greater than 30 mm in diameter was 

92.4%, 84.6%, and 62.9% respectively. After wedge resec-

tion, the 5-year cancer-specific survival rate for tumors 20 

mm and less, 20–30 mm, and greater than 30 mm in diameter 

was 85.7%, 39.4%, and 0, respectively.9 It is based on this 

study, among others with similar findings, that the seventh 

edition of the TNM staging now subdivides T1 into T1a and 

T1b, with 20 mm as the cutoff value.2

Bao et al conducted a meta-analysis of 22 observational 

studies and compared OS and cancer-specific survival with 

lobectomy vs segmentectomy after dividing patients into 

stage I, stage IA, stage IA with tumors greater than 2 but 

less than 3 cm, and stage IA with tumors less than or equal 

to 2 cm. They found that there was no difference in over-

all/cancer-specific survival for patients with stage IA and 

tumors less than or equal to 2 cm (HR 1.05, 95% CI 0.89-

1.24; P=0.055). However, for patients classified as stage I, 

stage IA, and stage IA with tumor size between 2 and 3 cm, 

there existed a statistically significant difference in overall/

cancer-specific survival, with a P-value of 0.011, 0.002, and 

0.001, respectively.10

Age
Age is an important factor in deciding on preoperative 

risk, and plays a role in prognosis following lobectomy or 

sublobar resection. In 2005, Mery et al studied the effect of 

age and type of surgery on long-term survival in patients 

with early-stage NSCLC. They analyzed the data of a total 

of 14,555 patients with stage I or II primary NSCLC that 

had been registered in the Surveillance, Epidemiology, and 

End Results (SEER) database from 1992 to 1997. They 

divided the patients into three age-groups: age less than 65 

years, 65–74 years, and greater than or equal to 75 years. As 

expected, survival decreased with age, and median survival 

times were 71, 47, and 28 months, respectively, for each 

age-group. In younger patients, a survival benefit was noted 

for those undergoing lobectomy compared to patients with 

limited resections. This was not true of elderly patients in 

this study, and the age at which this benefit was lost was 

calculated to be 71. OS for patients of age less than or equal 

to 71 years was higher in patients undergoing lobectomy vs 

limited resection, with P=0.004. On the other hand, OS for 

patients of age greater than or equal to 72 years was similar 

in patients undergoing lobectomy vs limited resection, with 

a P=0.27.11

A more recent trial querying the SEER database was done 

by Razi et al, and studied 1,640 patients aged older than or 

equal to 75 years who had been diagnosed with stage IA 

NSCLC from 1998 to 2007. Patients were then divided into 

three groups based on type of surgery performed: wedge 

resection, segmentectomy, and lobectomy. Cox regression 

multivariate analysis of 5-year cancer specific survival for 

stage IA (T1a/b) NSCLC patients showed similar survival 

for wedge resection and segmentectomy, with an HR of 

0.797 and P=0.25. Lobectomy, however, showed a superior 

survival with a HR of 0.764 and P=0.032. A similar analysis 

limited only to patients with T1a NSCLC showed similar 

survival between wedge resection and segmentectomy, with 

an HR of 1.009 and P=0.972, or lobectomy, with an HR of 

0.98 and P=0.908.12

Segmentectomy vs wedge resection
Sublobar resection is further divided into segmentectomy and 

wedge resection. Segmentectomy is a resection that limits 

itself to the anatomical borders of the segment in which the 

tumor lies. A wedge resection is a nonanatomical resection 

that simply removes the tumor with a margin of normal lung 

parenchyma surrounding it. There are two main dilemmas 

that the surgeon is confronted with while performing a sub-

lobar resection. The first dilemma consists of the distance 

between the tumor and operating margin that is considered 

adequate. Local recurrence rates are inversely correlated with 

an increase in margin distance. El-Sherif et al reviewed 81 

NSCLC patients who underwent sublobar resection. In their 

study, six of 41 patients (14.6%) developed local recurrence 

in the group with a margin <1 cm versus three of 40 patients 

(7.5%) in the group with a margin ≥1 cm (P=0.04). Of note, 

in patients that were operated on with segmentectomy, 19 

(73%) had a margin of ≥1 cm and seven (27%) had a margin 
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of only <1 cm.13 Based on these and other data, the current 

recommendation by the National Comprehensive Cancer 

Network is that sublobar resection should achieve a paren-

chymal resection margin ≥2 cm or greater than or equal to 

the size of the nodule.3

The second dilemma consists of the extent of lymph-node 

dissection that should be performed. The nonanatomical 

nature of wedge resection further complicates the decision on 

which lymph-node stations should be resected. Lymph-node 

dissection is essential, since small tumors do not correlate 

well with lymph-node negativity. The incidence of N1 and 

N2 nodal involvement in peripheral clinical stage I NSCLC 

≤2 cm in diameter was 5.3% and 6.6%, respectively. In tumors 

<1 cm in diameter, N2 disease was still present in 3.8% of 

them.14 In the meta-analysis done by Cao et al, it was shown 

that hilar and mediastinal lymph-node sampling or dissec-

tion was more likely to accompany segmentectomies than 

wedge resections.8 Larger margins and a higher probability 

for lymph-node dissection could explain the superiority of 

segmentectomies.

Histology, radiology, and 
pathological invasiveness
A better understanding of lung cancer histology and specifi-

cally adenocarcinoma has shown that adenocarcinoma of the 

lung is not a uniform disease that progresses in the same 

manner, and that tumor size might not be sufficient in defining 

stage and rate of progression. The degree of invasiveness of 

adenocarcinoma appears to play a role in predicting progno-

sis, and this is especially significant in small lung cancers. 

In parallel, advances in imaging techniques have allowed 

for better identification of the presence of lymphadenopathy 

and in the evaluation of heterogeneity in the composition of 

nodules on CT scan. This has led several researchers to try 

and search for a correlation between imaging findings and 

the pathological invasiveness of the SCLC. Special inter-

est was given to radiological findings on HRCT scans of 

ground-glass appearance. Ground-glass appearance is defined 

as a homogeneous increase in density on CT scan without 

covering underlying vascular markings. Kodama et al were 

the first to study this correlation on 104 patients with small 

adenocarcinomas less than 2 cm in diameter between 1995 

and 1999. Three independent radiologists semiquantitatively 

scored the extent of GGO on HRCT as greater than or less 

than 50%. Three independent pathologists semiquantitatively 

scored the extent of the bronchioloalveolar carcinoma (BAC) 

component of the tumor on histologic examination as greater 

than or less than 50%. A BAC area on pathology of less than 

50% was detected on HRCT as GGO of greater than 50% 

in only two patients (1.9%). The sensitivity and specificity 

of GGO to diagnose BAC was 76% and 95%, respectively. 

The 3 year-relapse-free survival rates in each group of 52 

patients with GGO greater than and less than 50% were 

100% and 72%, respectively, after a median follow-up of 24 

months. Univariate analysis indicated that both smaller GGO 

and BAC areas were significantly correlated with cancer 

relapse (P=0.005 and P=0.002). The multivariate analysis 

revealed an independent prognostic influence of the BAC 

area on relapse-free survival (relative risk 0.07, P=0.015). 

A multivariate analysis could not be performed in the group 

of GGO greater than 50%, as until the end of the study date 

no relapses had been observed.15

The search for preoperative predictive indicators, such 

as GGO area, to predict the potential of relapse in patients 

with small adenocarcinomas arising in the peripheral lung 

continued, as this may be able to justify a smaller extent of 

resection, such as segmentectomy or even wedge resection, 

as being curative in intent and result. Shimada et al retrospec-

tively analyzed the charts of 363 patients with cT1aN0M0 

peripheral NSCLC for preoperative factors that may predict 

pathologically invasive tumor characteristics. These patients 

were suspected to have cT1aN0M0 peripheral NSCLC based 

on an HRCT scan of 1 or 2 mm-slice intervals done within 1 

month prior to surgical resection. The cases of cancer with 

invasive factors (CIF) were defined by the presence of ves-

sel invasion, pleural invasion, or lymph-node metastasis on 

pathology. Clinical predictive factors studied were male sex 

and smoking status. Radiological predictive factors that were 

reviewed on HRCT were tumor-disappearance ratio (TDR), 

vascular convergence, air bronchograms, pleural indentation, 

and speculation. TDR was defined as follows: on an HRCT 

scan slice, the maximal tumor dimension was measured in a 

lung setting (D
L
); in a mediastinal setting, the ground-glass 

area disappears, leaving only the area of consolidation; the 

remaining maximal dimension of the consolidation area is 

measured (D
M

). TDR is calculated as 1 – D
M

/D
L
.

Of the 363 patients, 121 (33.3%) had CIF and 242 

(66.7%) had non-CIF. Vessel invasion was identified in 97 

patients (26.7%), pleural invasion in 50 patients (13.8%), and 

lymph-node metastases in 31 patients (8.6%), respectively. 

The presence of such a percentage of invasive features clearly 

indicates that tumor size may not suffice for lung cancer stag-

ing. The proportion of patients that remained recurrence-free 

at 5 years was significantly higher in patients who had non-

CIF (95%) vs patients with CIF (64.5%), with P<0.001. After 

multivariate regression analysis, TDR <0.5, the presence of 
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spiculation, and the absence of an air bronchogram were 

shown to be statistically significant independent predictors 

of CIF. The most important predictor was a TDR <0.5, with 

a risk ratio for CIF of 33.139 (P<0.001), followed by the 

absence of an air bronchogram, with a risk ratio of 2.825 

(P<0.001), and by the presence of spiculation, with a risk 

ratio of 2.315 (P=0.014).

Patients with CIF have a poorer prognosis and are at 

higher risk of relapse, as demonstrated in this study. The 

proportion of patients who were relapse-free at 5 years with 

lymph -node metastasis was 24.9%, whereas it was 61.7% 

for those with vessel invasion, and in those with pleural inva-

sion it was 59.5%. By reversing the predictive indicators, the 

goal was to attempt to predict the cases with non-CIF and 

who thus would be good candidates for limited resection. If 

a single factor were to be chosen, then TDR ≥0.5 provided 

the best accuracy, with 77 of 78 patients (99%) with TDR 

≥0.5 correctly predicted as non-CIF and one patient with 

recurrence within 5 years after surgical resection. Among 

the two-factor combinations, a TDR ≥0.5 and the absence of 

spiculation provided the best accuracy, with 57 of 58 patients 

(98%) correctly predicted as non-CIF, and all patients in this 

group remained recurrence-free for 5 years after surgery. 

The three-factor combination of a TDR ≥0.5, absence of 

spiculation, and presence of air bronchograms was also 

accurate in predicting non-CIF, with 31 of 32 cases (97%) 

correctly predicted as non-CIF, and there was no patient with 

recurrence within 5 years after surgery.16 Further studies 

with a larger population are required to validate any of these 

predictive models.

Several radiological criteria to predict preoperative 

pathological invasiveness of early-stage NSCLC were also 

tested in the first prospective multi-institutional study done: 

the Japan Clinical Oncology Group (JCOG) 0201. The 

study tested three criteria, derived from previous retrospec-

tive studies, which were consolidation:tumor (C:T) ratio on 

lung window less than 0.5, indicating a tumor with a large 

GGO area, TDR, and visual estimation of the consolidation 

component in patients with clinical stage IA, ie, T1N0M0. 

The definition of TDR and the definition of pathologically 

invasive cases were similar to the previous study mentioned. 

A total of 545 patients were included in the analysis. The 

specificity and sensitivity of the diagnosis for pathologically 

invasive cancer based on the C:T ratio from the lung window 

was 96.4% (161 of 167, 95% CI 92.3%–98.7%) and 30.4% 

(115 of 378, 95% CI 25.8%–35.3%), respectively. Specificity 

and sensitivity for the diagnosis of pathologically invasive 

cancer based on the TDR from the mediastinal window were 

89.8% (150 of 167, 95% CI 84.2%–94%) and 44.4% (168 

of 378, 95% CI 39.4%–49.6%), respectively. Specificity and 

sensitivity for the diagnosis of pathologically invasive cancer 

based on the visual estimation of consolidation being higher 

than 0.5 were 93.4% (156 of 167, 95% CI 88.5%–96.7%) 

and 37% (140 of 378, 95% CI 32.2%–42.1%), respectively.

As a result, the highest specificity was that of the C:T 

ratio, but the lower 95% CI limit for specificity did not 

exceed the prespecified threshold of 97%. The highest speci-

ficity was obtained from the C:T ratio and the lowest from 

the TDR method. Conversely, the highest sensitivity was 

found with the TDR method, and the lowest from the C:T 

ratio. Therefore, if the TDR method were used to determine 

radiological early lung cancer, more invasive cancers would 

be misdiagnosed as radiologically noninvasive. This situation 

should be avoided as much as possible, because an invasive 

cancer would be resected using a limited resection, which is 

ill suited for such cancers. Conversely, the C:T ratio provided 

clinically safe criteria to identify noninvasive cancers. Analy-

sis was repeated on the tumors that were 2 cm or less, with 

different cutoff values for C:T ratio of 0.25 and 0.75. In the 

repeat analysis, the specificity of the diagnosis for pathologi-

cally invasive cancer was highest when the predictive factor 

was a C:T ratio from the lung window with a cutoff value of 

0.25, which was 98.7% (78 of 79, 95% CI 93.2%–100%). 

The lower limit of the 95% CI is still however lower than the 

prespecified threshold of 97%. Based on this analysis, the 

best candidates that ought to be selected are patients with 

tumor size less than 2 cm with a C:T ratio less than 0.25.17

A multidisciplinary approach to lung cancer by radiolo-

gists, surgeons, and pathologists thus proved to be a require-

ment for better management of lung adenocarcinoma. Based 

on this, the International Association for the Study of Lung 

Cancer (IASLC), American Thoracic Society (ATS), and 

European Respiratory Society (ERS) in 2011 suggested a 

new international multidisciplinary classification of lung 

adenocarcinoma based mainly on histology, but also tak-

ing into consideration clinical, molecular, radiological, and 

surgical issues that arise. One of the major modifications 

in the classification of small lung adenocarcinomas was 

that the terms “bronchoalveolar carcinoma” and “mixed-

subtype adenocarcinoma” are no longer used. For resection 

specimens, new concepts were introduced for small solitary 

adenocarcinomas, such as adenocarcinoma in situ (AIS) in 

cases of pure lepidic growth and minimally invasive adeno-

carcinoma (MIA) in cases of predominant lepidic growth 

with 5 mm invasion. These histologies define patients who 

will have, if they undergo complete resection, 100% or 
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near 100% disease-specific survival, respectively. Now that 

we further understand the pathological subtypes and their 

degree of invasiveness, it was suggested that the TNM stag-

ing would include in addition to tumor size an invasiveness 

component that was pathologically diagnosed or radiologi-

cally measured.18

Takahashi et al set out to confirm the prognostic signifi-

cance, as well as to study the correlation, between radiologi-

cal findings on preoperative HRCT and tumor invasiveness, 

as defined by the new IASLC/ATS/ERS classification, for 

pathologic stage IA lung adenocarcinoma. They studied three 

radiological parameters: GGO ratio, TDR, and consolidation 

diameter (CD). GGO ratio (%) was defined as (1 – [maximum 

dimension of consolidation on the lung window setting/

maximum dimension of the tumor in the lung window set-

ting]) ×100. TDR was defined similarly to previous studies 

mentioned, and CD was defined as the largest diameter of 

consolidation in the lung window setting in millimeters. 

Pathologic data were defined according to the new IASLC/

ATS/ERS classification.

They retrospectively reviewed 123 consecutive patients 

with pathologic stage IA lung adenocarcinoma, of which 

54 had non-IAs. In this group, no recurrence was detected 

and 5-year OS rate was 100%. Of note, 30 patients in this 

group had undergone lobectomy and 24 limited resection; 69 

patients had IAs, with eight patients having tumor recurrences 

and a 5-year OS rate of 78.4% (95% CI 64.5%–92.2%). In 

this group, 53 patients had undergone lobectomy, while 16 

patients had undergone limited resection. The difference in 

5-year OS rates between the two groups was statistically 

significant, with P<0.01. Optimal cutoff values for GGO 

ratio, TDR, and CD were determined to be 50%, 75%, and 10 

mm, respectively. The relationship between the radiological 

parameters and pathologic invasiveness of lung adenocarci-

noma according to the cutoff values was investigated. With 

these cutoff values, GGO ratio, TDR, and CD showed posi-

tive predictive values of greater than 90% each. Clinically 

significant predictors of IA were the GGO ratio (≤50% vs 

>50%, P<0.01), TDR (≤75% vs >75%, P<0.01), CD (≤10 

mm vs >10 mm, P<0.01), tumor size (≤20 mm vs >20 mm, 

P=0.048), and preoperative serum carcinoembryonic antigen 

level (≤5 ng/mL vs >5 ng/mL, P<0.01). Interestingly, tumor 

size was the least significant predictive factor, with an OR of 

2.3 vs GG ratio, which was the highest, with an OR of 65.3. 

This study’s results thus validate the prognostic significance 

of the new classification.19

Diagnosing pathological invasiveness based on radio-

logical findings thus appears to be a viable option, and 

further advancement in the field of radiology will allow for 

increased accuracy and increased predictive value. A differ-

ent approach, after assessing for tumor size, would be to use 

intraoperative frozen sections (FS) taken during sublobar 

resection to decide on pathological invasiveness and subse-

quently convert to a complete lobectomy with mediastinal 

lymph-node dissection if needed in eligible patients with 

sufficient cardiopulmonary reserve.

At the time of the publication of the new IASLC/ATS/

ERS classification, it was judged that the role of intraopera-

tive FS was not yet clearly defined. This is due to the fact that 

the predictive value of FS reported in the literature ranged 

from 93% to 100%, but not all articles clearly reported the 

accuracy of FS analysis.16 Liu et al recently reviewed the 

records of 803 patients with clinical stage I peripheral lung 

adenocarcinoma who had undergone sublobar resection and 

in which FS was used to guide surgical strategy. The FS 

results were stratified into atypical adenomatous hyperpla-

sia, AIS, MIA, and IA according to the IASLC/ATS/ERS 

lung adenocarcinoma classification. There were 125 cases 

of discrepancy between FS and final pathology, thus achiev-

ing a total concordance rate of FS of 84.4%. When patients 

with atypical adenomatous hyperplasia, AIS, and MIA were 

classified together as a low-risk group, the concordance 

rate was 95.9%. This is because most discrepancies (n=92, 

73.6%) were among atypical adenomatous hyperplasia, AIS, 

and MIA. If we add the six cases of the low-risk group that 

turned out to be benign on final pathology, then in 98 of the 

125 errors of FS, the discrepancy did not affect the clini-

cal outcome of patients, because their resection types were 

adequate. Of note, tumor size was a significant factor affect-

ing the diagnostic accuracy of FS. FS diagnostic accuracy of 

for tumors ≤1 cm in diameter and larger than 1 cm was 79.6% 

and 90.8%, respectively. A total of 301 patients were chosen 

for prognosis analysis. On follow-up, the 5-year recurrence 

free survival rate (100%) was significantly better for patients 

with AIS/MIA than for patients with IA (74.1%, P<0.01). 

However, the 5-year OS rate (100%) of patients with AIS/

MIA was not significantly different than for patients with IA 

(88.3%, P>0.05).14

Two other studies analyzed the diagnostic accuracy of 

FS for pulmonary nodules based on the IASLC/ATS/ERS 

classification with conflicting results. Yeh et al studied FS 

and permanent section slides from 361 resected stage I lung 

adenocarcinomas ≤3 cm to test for agreement between FS and 

final diagnosis, as well as interobserver agreement, among 

five pathologists. Specifically, for agreement on degree of 

invasion, 35 cases were evaluated to determine the accuracy 
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and interobserver agreement for discriminating between AIS, 

MIA, lepidic-predominant adenocarcinoma and IAs. There 

were only two cases of AIS, the interpretation was consistent 

with final pathology, and there was interobserver agreement; 

79% of interpretations using FS were accurate for lepidic-

predominant adenocarcinoma. In cases of MIA, however, 

only 41.3% were accurate for the diagnosis, and more than 

half (52%) of interpretations were overdiagnosed as IA.20 The 

sample size used was significantly smaller in this study, and 

thus the statistical power was lower, which could explain the 

differences in results. This is however consistent with a study 

done by Walts and Marchevsky on FS from 224 consecutive 

primary pulmonary adenocarcinomas, where only 59% of 

the FS diagnoses were correct for AIS and 46% for MIA. In 

comparison, 97% of the FS diagnoses were correct for IA. The 

most common FS error was overdiagnosis of MIA as IA.21

Invasive and noninvasive approaches
In addition to deciding on whether lobectomy or sublobar 

resection is the optimal choice for surgical treatment, an 

added option to consider is using either an open or a VATS 

approach. It is important to note that a large multi-institutional 

prospective randomized controlled trial comparing these 

two approaches is lacking, and all the data so far has been 

collected from retrospective data or from small randomized 

controlled trials. The data, however, are consistent, with mul-

tiple advantages for VATS lobectomy over open thoracotomy. 

In a meta-analysis done by Cao et al that included three 

studies with propensity-matched and -unmatched patients 

comparing VATS lobectomy to open thoracotomy, periopera-

tive mortality was significantly lower for VATS compared to 

open thoracotomy in unmatched patients, but no significant 

difference was detected among propensity score-matched 

patients. Similar results were achieved for the complications 

that were studied, such as prolonged air leaks and sepsis. 

Overall, perioperative morbidity rate, incidence of pneumonia 

and atrial arrhythmias, and shorter duration of hospitalization 

were found to be significantly lower in patients undergoing 

VATS lobectomy compared to patients who underwent open 

thoracotomy, regardless of propensity matching.22

The main debate regarding oncological efficiency of the 

VATS approach stems from a lower rate of nodal upstaging 

described while using the VATS approach. Two big national 

registry-database queries have shown this association. A 

query of the Society of Thoracic Surgery database for clinical 

stage I NSCLC resected using lobectomy or segmentectomy 

between 2001 and 2010 showed a total of 11,531 resections; 

7,137 of those resections were done using the open approach, 

and 4,394 the VATS approach. Nodal upstaging was seen 

in 14.3% (1,024) in the open group and 11.6% (508) in the 

VATS group (P<0.001). Upstaging from N0 to N1 was more 

common in the open group (9.3% versus 6.7%, P<0.001); 

however, upstaging from N0 to N2 was similar (5% open 

and 4.9% VATS, P=0.52). Among 2,745 propensity-matched 

pairs, N0–N1 upstaging remained less common with VATS 

(6.8% versus 9%, P=0.002).23 A different query this time of 

the Danish Lung Cancer Registry from 2001 to 2007 showed 

1,513 cases of clinical stage INSCLC. Nodal upstaging was 

significantly higher while using an open approach vs VATS 

approach for N1 upstaging (13.1% vs 8.1%, P<0.001) and N2 

upstaging (11.5% vs 3.8%, P<0.001). Interestingly, however, 

this was not reflected by worsening survival. The unadjusted 

survival was actually higher using the VATS approach, but 

after adjustment by multivariate analysis the survival differ-

ence was no longer significant (HR 0.98, 95% CI 0.8–1.22; 

P=0.88). The authors concluded that the difference in nodal 

upstaging might have been due to selection bias, though the 

reasons remained unclear.24

Similarly, several retrospective series showed that the 

VATS approach appears to have similar oncologic efficacy. 

For example, in a single-institution retrospective series, Berry 

et al evaluated OS of 1,087 cases of any-stage NSCLC treated 

with lobectomies, where 610 were performed using the VATS 

approach and 477 using open thoracotomy. The 5-year OS 

rate observed was better in the VATS group (57.5% vs 43.1%, 

P<0.001). After propensity-score analysis controlling for age, 

sex, tumor size, and stage was performed with the cohort 

being now limited to 560 patients (311 using VATS and 249 

open thoracotomy), the difference in 5-year survival was no 

longer significant (54.7% vs 48%, P=0.3).25 The authors did 

however stress the fact that for an oncologic equivalence to 

be assured, the extent of lymph-node resection should be 

the same as when using the open approach. A lower risk of 

postoperative complications and morbidity with equivalent 

oncological efficacy has allowed VATS to gain ground as 

the surgical approach of choice. A recent study into the 

current practice patterns of VATS lobectomies showed that 

lobectomies performed in 2014 were 44% more likely to be 

done by VATS than in 2010 (OR 1.44, 95% CI 1.28–1.62; 

P<0.0001).26

In parallel to studies looking at lobectomy vs sublobar 

resection, several studies have also looked at comparing 

VATS lobectomy vs VATS sublobectomy. In a recent meta-

analysis done by Liu et al that included eight studies and 

compared patients with stage I NSCLC who underwent 

VATS lobectomy vs VATS sublobectomy, it was shown that 

the OS was better in VATS sublobectomy, with a combined 

HR of 1.45 (95% CI 1.11–1.9, P=0.007). However, subgroup 
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analysis showed that OS was comparable between patients 

undergoing VATS segmentectomy and VATS lobectomy, 

with an HR of 1.19 (95% CI 0.67–2.1, P=0.56). OS using 

VATS lobectomy was significantly higher than VATS wedge 

resection, with an HR of 4.19 (HR 4.19, 95% CI 2.19–8.03; 

P<0.0001). The evidence, however, was derived from small 

retrospective series with low evidence levels, so these conclu-

sions are to be taken into consideration with a lot of reserve.27 

VATS enables a different approach to what is basically the 

same procedure in terms of indications and contraindica-

tions. The only additional contraindication that is specific 

to the VATS approach is large tumor masses that are central 

in location. Previously, a history of thoracic surgeries or the 

presence of pleural adhesions were considered relative con-

traindications, but this is no longer valid. Inability to tolerate 

single-lung ventilation remains a potential contraindication 

for VATS. Clinically, absolute contraindications for open 

surgery can also be considered contraindications for VATS 

(eg, forced expiratory volume in 1 second <30% and/or 

lung diffusion capacity for carbon monoxide <30%) yet for 

selected patients, such as the elderly with poor lung reserve, 

certain surgeons might consider VATS to be the only viable 

surgical option for them.28

A newly emerging technique is robotic surgery for lung 

cancer. Proponents claim additional benefits of improved 

ergonomics, three-dimensional optics, and 7° EndoWrist 

capabilities, allowing more thorough lymph-node dissec-

tion and simplifying the operative procedure. A propensity-

matched analysis comparing robotics and VATS to open lung 

resection of different stages was done by Bao et al, with 69 

pairs selected after propensity matching. No statistically 

significant differences were seen regarding mean length of 

postoperative stay, chest-tube duration, number of lymph 

nodes retrieved, stations of lymph nodes resected, operative 

blood loss, or morbidity rates. However, robotics were associ-

ated with higher cost (US$12,067±1,610 vs $8,328±1,004, 

P<0.001) and longer operative time (136±40 vs 111±28 min-

utes, P<0.001) than VATS.29 In the future, accumulation of 

surgeon experience, as well as a larger study, might be needed 

to demonstrate clinically significant advantages for robotics.

Perioperative and long-term 
prognostic biomarkers currently 
being studied
Even after complete resection of stage IA NSCLC, 5-year 

survival remains at 73%, mainly attributed to local recur-

rence or progression of the disease.2 This helps in explain-

ing lung cancer’s position as the number-one cancer killer. 

Several researchers have thus attempted to study prognostic 

biomarkers that would help us understand why surgical 

treatment of tumors that are similar according to current 

TNM staging yields different outcomes. In the evaluation 

of short term prognosis, B-type natriuretic peptide (BNP) 

has been studied, and was shown to be correlated with an 

increased rate of postoperative complications after early-

stage NSCLC resection. In a study done by Nojiri et al on 

elderly patients undergoing pulmonary resection for lung 

cancer, a preoperative BNP level >30 pg/mL had sensitivity 

of 79% and specificity of 83% for predicting postoperative 

cardiopulmonary complications after pulmonary resection 

for lung cancer. BNP was the most important predictor of 

postoperative complications in this study, of which the most 

common were cardiac arrhythmia, specifically atrial fibril-

lation, followed by pneumonia.30 Cagini et al also looked 

at the significance of the postoperative increase in BNP 

and whether this reflected a higher incidence of postopera-

tive complications. They followed 294 patients undergoing 

noncardiac thoracic surgery with a median baseline BNP 

of 29.5 pg/mL. They again demonstrated that patients who 

developed postoperative cardiopulmonary complications had 

at baseline significantly greater BNP values compared with 

those without complications (38.5 vs 26.5, P<0.0001). Logis-

tic regression analysis showed major pulmonary resections 

(lobectomies or pneumonectomies), BNP ≥118.5 at postop-

erative day 1, and age ≥65 years to be the only independent 

predictive variables. In the subset of patients undergoing 

major pulmonary resection (n=228), BNP ≥118.5 pg/mL at 

postoperative day 1 was associated with a 3.5-fold increase 

in the risk of cardiopulmonary complications.31

As of the date of publication of this review, there has been 

no pathologic or serum prognostic marker adopted in the 

early-stage NSCLC population, while the ongoing research 

is vast. In the following paragraph, we list the different 

biomarkers currently under review. Diagnostic pathologic 

biomarkers for lung adenocarcinoma include CK7, TTF1, and 

napsin A. The prognostic value of these markers was studied 

by Ma et al. Patients with high expression levels of TTF1 and 

napsin A, and high coexpression levels of TTF1–napsin A had 

better survival rates than those with low levels of expression. 

The expression levels of CK7 did not have any statistically 

significant effect on patients’ survival.32 Genome analyses 

of endothelial cells identified genes specifically expressed 

by tumor endothelial cells called tumor endothelial markers. 

In a retrospective study done by Pircher et al, correlation 

with clinical data revealed that increased tumor endothelial 

marker expression (Robo4, ECSCR, and Clec14) within 

NSCLC stromal tissue correlated with prolonged OS of 
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operated NSCLC patients.33 MicroRNAs are small noncod-

ing single-stranded RNAs approximately 19–22 nucleotides 

in length, which act by silencing mRNA, thus negatively 

regulating gene expression at the posttranscriptional level. 

Multiple key cell functions are under microRNA regulation, 

such as growth, proliferation, metabolism, and apoptosis. 

MicroRNAs have thus been studied in NSCLC for their 

diagnostic and prognostic value in both tissue diagnosis and 

more recently as circulating miRNAs.34 Pathologically, there 

have been several reports of the Let7 miRNA family, as well 

as a study that looked at miR383 and its association with an 

improved clinical outcome in NSCLC.34,35 Elevated circu-

lating miRNAs, such as miR486, miR195, miR30d, miR1, 

and miR499, were shown to be associated with improved 

survival.34,36 However, high miR125b, Let7f, and miR30e3p 

serum expression was reported to be an independent predic-

tor of poor survival in NSCLC patients of various stages.34 

EGFR status is a well-known predictive marker in stage 

IV NSCLC, yet its prognostic role in early-stage NSCLC 

is not well defined. Izar et al studied the prognostic role of 

EGFR status in treatment-naive resected stage I NSCLC, 

and found that mutation of the EGFR gene is a positive 

prognostic marker.37 Another predictive marker that has 

been well studied in advanced-stage NSCLC is the check-

point inhibitor PDL1, yet its role in early-stage NSCLC is 

controversial. After studying two cohorts with a total of 544 

patients, Velcheti et al found that the expression of PDL1 

was a positive prognostic marker regardless of stage.38 More 

recently, however, Tsao et al studied the expression of PDL1 

in 982 patients with resected NSCLC, and found that it was 

neither prognostic nor predictive of any benefit from adjuvant 

chemotherapy.39 Ki67 is a nuclear nonhistone protein that 

is expressed during all phases of the cell cycle except the 

resting stage (G
0
), and thus is a useful marker of prolifera-

tion. A meta-analysis of 32 studies involving 5,600 patients 

done by Wen et al showed a negative association between the 

level of Ki67 expression and OS and disease-free survival, 

especially in the subgroup of Asian patients with stage I–II 

adenocarcinoma.40 MIC1, a member of the TGFβ super-

family, was found to be prognostic and suggestive of poor 

early outcomes using a cutoff of >1,465 pg/mL with 72.2% 

sensitivity and 66.1% specificity.41 Another aspect tackled 

by Spaks et al was the level of CXCL4, which in their study 

was found to be reflective of tumor angiogenic activity and 

associated with a higher relapse rate, as well as worse OS and 

disease-free survival.42 It is important to note, however, that 

this was a single-institution experience of only 50 patients 

with early-stage NSCLC undergoing surgical resection. 

Mortalin, a member of the HSP70 family, which is involved 

in multiple cellular processes, was found to be prognostic in 

patients with early-stage NSCLC. Mortalin overexpression 

was significantly correlated with high histological grades, 

advanced stages, lymph-node metastases, and lower disease-

free survival and OS.43 GLDC was recently described as 

a critical enzyme of tumor-initiating cells. HIF1α is the 

unique subunit that determines HIF-system activity, thereby 

regulating the adverse effects of hypoxia on cancer outcome. 

The combination of low-GLDC–negative HIF1α expression 

was significantly prognostic for longer survival in resected 

early-stage NSCLC, as demonstrated by Berezowska et al.44 

As the immune system plays a pivotal role in cancer, the 

study of immunorelated markers in the resected specimen 

may provide valuable prognostic information of NSCLC. 

The presence of CD8+ cells in the tumor compartment has 

been associated with better outcome, whereas the presence 

of FOXP3+ cells in the tumor-near stromal area was associ-

ated with worse OS.45

All of these prognostic factors studied could either serve 

as potential targets for future therapy or help delineate a 

treatment plan in the decision for adjuvant chemotherapy or 

more stringent criteria for surveillance in tumors with poor 

prognostic factors. To date, however, none of these prognostic 

factors has been validated in a Phase III clinical trial with 

regard to their effect on OS after treatment allocation based 

on their presence. Further studies are needed in this regard.

Conclusion and ongoing trials
The hope is that the answer to all the previous questions 

and controversies will be derived from two major multi-

institutional prospective randomized trials currently inves-

tigating the intentional use of sublobar resections for stage 

IA NSCLC. The first is under way in North America, Alli-

ance/CALGB 140503,46 and the other, which has completed 

enrollment is in Japan – JCOG0802/WJOG4607.47 The main 

difference between these two studies and the LCSG trial is 

that tumor size is now limited to less than or equal to 2 cm 

in both trials. The Alliance/CALGB 140503 trial has a target 

of 1,258 patients, and it includes both segmentectomy and 

wedge resection as an intentional treatment option compared 

with lobectomy. The primary end point studied is disease-free 

survival, and the secondary end points studied are OS, local 

and systemic recurrence, and pulmonary function, as mea-

sured by expiratory flow rate 6 months postoperatively. The 

JCOG0802/WJOG4607 trial has a target of 1,100 patients, 

and only intentional segmentectomy is used for comparison 

with lobectomy. The primary end point studied is OS, and 

the secondary end points are disease-free survival, local 

recurrence, and perioperative complications.
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