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Introduction

Lung cancer is the leading cause of cancer related death (1-5)  
with an estimated yearly global incidence of 1.8 million  
and an estimated yearly mortality of 1.6 million (1). Surgery 
is the treatment of choice for early stage non-small cell lung 
cancer (NSCLC) and can give five-year survival rates as 

high as 70% (3,6). Anatomical lobectomy with lymph node 
dissection is considered the standard of care for clinical (c)
T1, N0 peripheral lung nodules since the landmark trial 
reported by the Lung Cancer Study Group (LCSG) in 
1995 (2,3,5,7-10). An important prerequisite for lobectomy 
however, is the adequacy of pulmonary function and 
functional status of the patients. There are an estimated 
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30% of patients with surgically resectable tumors, but are 
medically unfit for lobectomy (8). Segmentectomy has 
traditionally been considered a compromise operation for 
patients with limited pulmonary reserve, advanced age, 
severe comorbidities or other clinical features that may 
preclude lobectomy (2,7). However, there is a growing body 
of evidence that supports anatomic segmentectomy with 
oncologic outcomes similar to lobectomy in early stage 
NSCLC less than 2 cm in greatest dimension (4,7).

The risk of developing metachronous, recurrent or 
second primary lung cancer has been estimated at 1% to 2% 
per patient-year. Hence, patients following segmentectomy 
are more likely to withstand further therapeutic lung 
cancer surgery (11-13). Nevertheless, selection criteria 
for lobectomy versus segmentectomy should include 
consideration of several important clinical variables, not 
fully defined yet, and caution must be exercised regarding 
inappropriate use of segmentectomy in patients otherwise 
good surgical candidates for lobectomy. Important 
clinical determinants that strongly support lobectomy 
over segmentectomy include, but not limiting to, young 
age, aggressive tumor histology and (c)N1/N2 disease 
(14,15). The purpose of this study is to further characterize 
long term survival outcomes following lobectomy and 
segmentectomy in patients with high grade (poorly 
differentiated and undifferentiated) NCSLC ≤2 cm using 
Surveillance, Epidemiology and End Results (SEER) 
database. We present the following article in accordance 
with the STROBE checklist (available at http://dx.doi.
org/10.21037/jtd-20-1530).

Methods

Study population

We conducted a retrospective database study using 
the SEER database, a registry of the National Cancer 
Institute (16). The SEER database is an extensive source of 
population-based data that covers approximately 28% of the 
US population. We queried 18 SEER registries (November 
2018 submission) from 2004 to 2015 for all patients with 
high grade early stage pathological (p)T1, ≤2 cm, node-
negative disease status (p)N0 NSCLC who underwent 
either segmentectomy or lobectomy. Though the SEER 
database does not include the TNM 8th edition for tumor 
staging, all cases were manually staged according to the 8th 
edition by incorporating data on tumor size, lymph node 
and metastasis status. Using the “International Classification 

of Disease, Third Edition” (ICD-O-3) codes, we queried for 
primary site “lung” (ICD-O-3 C34.1–C34.9). Tumor of 
the main bronchus (ICD-O-3 C34.0) overlapping tumors 
and tumors with unspecified locations were excluded. 
The SEER database uses the four-tier system for tumor 
grade. Based on this, we included only grade III (poorly 
differentiated) and grade IV (undifferentiated) tumors in our 
cohort. Our study conforms to the Declaration of Helsinki 
(as revised in 2013). Since our study utilizes de-identified 
data from a publicly accessible database, individual consent 
is waived and our study is exempt from IRB review.

Selection of covariates

Data extracted from SEER included patient demographics 
(age, sex, marital status), tumor characteristics (location, 
histology, grade, size), surgery type (lobectomy vs. 
segmentectomy), number of lymph nodes sampled, overall 
survival (OS) in months, cancer specific survival in months 
and patient status at the end of the follow-up period. 
Patients receiving any form of induction or adjuvant 
treatment (chemotherapy or radiation treatment) were 
excluded. The primary outcome measured was OS.

Statistical analysis

Data from the SEER database was imported on to the 
Statistical Package for the Social Sciences software (SPSS 
v.23.0, IBM Corp., USA) for further analysis. Unadjusted 
comparison between groups was conducted using the 
chi-square test or Fisher’s exact test (as appropriate) for 
categorical variables and Student’s t-test for continuous 
variables. Comparisons for non-parametric variables was 
done using Mann Whitney U test. Survival time was 
measured from the time of diagnosis to the time of death 
or last follow-up, median and 5-year survival indices were 
estimated by the Kaplan-Meier method and compared 
using log-rank test. We subsequently computed propensity 
scores to assess the probability of being assigned to a 
treatment group (segmentectomy or lobectomy), based 
on the observed patient’s demographic, and pretreatment 
clinical characteristics. Logistic regression model was 
used to calculate the propensity scores derived from these 
confounding preoperative parameters. These variables 
were determined a priori and included age, sex, race, 
year of diagnosis, marital status and preoperative tumor 
characteristics (size, histology, tumor location). The most 
appropriately-matched pairs were selected based on the 
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propensity scores using a 1:1 nearest neighbor algorithm 
(R-plugin 2.14.2 for SPSS v21.0). The standardized 
differences for each variable in the lobectomy and 
segmentectomy cohorts were 0.1 or less, except for tumor 
location, indicating well-matched samples. After the 
propensity score matching, differences in pre-treatment 
clinical and demographic variables between groups were 
further assessed using Pearson’s chi-square or Fischer’s 
exact test for categorical variables and Student’s t-test for 
continuous variables. The Kaplan-Meier method was used 
to compare OS between the propensity matched groups. 
Additionally, multivariate cox-regression was used to study 
relationship between various patient and disease-specific 
factors and survival.

Results

We identified 591,071 patients with lung cancer between 
2004 and 2015; 4,332 patients met our inclusion criteria. 
Lobectomy was done in 3,977 (91.8%) patients while 
355 (8.2%) patients underwent segmentectomy. The 
median follow-up for the lobectomy group was 53 months 
whereas for the segmentectomy group it was 40 months. 
Baseline demographics and clinical characteristics for 
segmentectomy and lobectomy groups are detailed in  
Table 1. Patients undergoing lobectomy were found to be 
younger (mean: 67.4 vs. 70.2, P<0.01) and had a larger 
tumor size (mean: 15.3 vs. 14.7 mm, P=0.04).

Survival analysis—unmatched cohort

Patients who underwent lobectomy had a significantly 
higher OS than patients who underwent segmentectomy 
(P<0.01) (Figure 1). The median OS values was 90 and  
62 months for lobectomy and segmentectomy respectively. 
One-, 3- and 5-year survival for the lobectomy group was 
91.8%, 65.8% and 44.5%, whereas for the segmentectomy 
group it was 90.7%, 56.9% and 32.1% respectively (P=0.46, 
P<0.01 and P<0.001, respectively).

Propensity score matching and multivariate survival 
analysis

Propensity matching yielded 640 patients (320 matched 
pairs) from lobectomy and segmentectomy groups. There 
were no significant differences in baseline characteristics 
between the two groups after matching (Table 2). Patients 
following lobectomy had significantly higher OS when 

compared to patients undergoing segmentectomy (P=0.011) 
(Figure 2). The median OS values was 87 and 62 months for 
lobectomy and segmentectomy respectively. One-, 3- and 
5-year survival for the lobectomy group was 90.9%, 66.3% 
and 45.9% whereas for the segmentectomy group it was 
91.3%, 57.5% and 33.8% respectively (P=0.89, P<0.05 and 
P<0.01). We further investigated the correlation between 
OS and other covariates in a Cox Regression Analysis. 
Multivariate analysis demonstrated that lobectomy was 
associated with significantly improved survival (HR: 0.84, 
95% CI: 0.714–0.989, P=0.036). Additionally, married 
status, adenocarcinoma histology and number of lymph 
nodes sampled were associated with better survival (P<0.05), 
while advanced age and male gender had worse survival 
outcomes (P<0.05) (Table 3).

Discussion

Since the results of the LCSG showed higher rate of 
recurrence and decreased OS with sublobar resection, 
lobectomy has remained the standard of care for early stage 
1A NSCLC (4). Over the last two decades, a growing body 
of evidence that comprised primarily of large retrospective 
reviews, supported oncologic equivalence of segmentectomy 
and lobectomy for early stage NSCLC, and with better 
preservation of lung function (14,17-19). Previous studies have 
cited following criteria for segmentectomy: tumors ≤2 cm,  
anatomically favorable location with margins ≥2 cm, and 
no evidence of clinically positive lymph nodes (14). Further 
studies have explored the various tumor histopathological 
characteristics as a point of comparison between lobectomy 
and segmentectomy for early stage NSCLC (15). However, 
this is the first study to investigate the impact of high-
grade tumors on OS in patients undergoing lobectomy or 
segmentectomy for ≤2 cm NSCLC.

Segmentectomy as compared to wedge resection has 
the distinct advantage of achieving oncologic outcomes 
comparable to lobectomy, in a select group of patients (14). 
However, caution must be exercised when selecting patients 
for segmentectomy purely on the grounds of tumor size 
and achievable margins ≥2 cm. Certain histological types, 
such as large cell neuroendocrine tumor has been shown 
to exhibit significantly worse survival outcomes following 
wedge resection and segmentectomy, as compared to 
lobectomy (14,15). Similarly, Eguchi et al. studied the ‘spread 
through air spaces’ (STAS) as a form of invasion, wherein 
tumor cells extend beyond the tumor edge within the lung 
parenchyma (20). Interestingly, patients with STAS who 
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Table 1 Baseline demographics and clinical characteristics for patients with high grade (p)T1N0 (≤2 cm) non-small cell lung cancer

Parameters Lobectomy (n=3,977) Segmentectomy (n=355) P value
Standardized 
differences*

Age <0.01 0.31

Mean/SEM 67.4/0.143 70.2/0.468

Sex, n (%) 0.88 0.023

Male 1,888 (47.5) 167 (47.0)

Female 2,089 (52.5) 188 (53.0)

Race, n (%) 0.25 0.03

White 3,484 (87.6) 316 (89.0)

Black 294 (7.4) 28 (7.9)

Asian 118 (3.0) 9 (2.5)

Other 81 (2.0) 2 (0.6)

Marital status, n (%) 0.18 0.04

Single 427 (10.7) 39 (11.0)

Married 2,232 (56.1) 184 (51.8)

Divorced 540 (13.6) 45 (12.7)

Widowed 587 (14.8) 71 (20.0)

Separated 34 (0.9) 1 (0.3)

Unknown 157 (3.9) 15 (4.2)

Tumor location, n (%) <0.01 0.18

Right upper lobe 1,584 (39.8) 113 (31.8)

Right middle lobe 248 (6.2) 5 (1.4)

Right lower lobe 574 (14.4) 57 (16.1)

Left upper lobe 1,057 (26.6) 112 (31.5)

Left lower lobe 514 (12.9) 68 (19.2)

Tumor histology, n (%) 0.18 0.03

Squamous cell carcinoma 1,424 (35.8) 132 (37.2)

Adenocarcinoma 1,887 (47.4) 160 (45.1)

Large cell carcinoma 222 (5.6) 25 (7.0)

Neuroendocrine 36 (0.9) 7 (2.0)

Other 408 (10.3) 31 (8.7)

Tumor grade, n (%) 0.39 0.01

Poorly differentiated, grade III 3,813 (95.9) 337 (94.9)

Undifferentiated, grade IV 164 (4.1) 18 (5.1)

(p) T stage, n (%) <0.01

(p)T1a 530 (13.3) 66 (18.6)

(p)T1b 3,447 (86.7) 289 (81.4)

Table 1 (continued)
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Table 1 (continued)

Parameters Lobectomy (n=3,977) Segmentectomy (n=355) P value
Standardized 
differences*

Tumor size (mm) 0.04 –0.17

Mean/SEM 15.3/0.059 14.7/0.212

Number of lymph nodes <0.01  

Mean/SEM 8.81/0.124 4.35/0.303

*, Standardized differences only presented for preoperative variables, used in propensity score analysis. SEM, standard error of the mean.
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Figure 1 SEER database was used to study patients with high grade (p)T1N0M0 NSCLC (≤2 cm), who underwent lobectomy or 
segmentectomy. OS was compared between lobectomy (n=3,977) and segmentectomy (n=355) using log-rank test. Patients who underwent 
lobectomy had a significantly longer OS than patients who underwent segmentectomy (90 vs. 62 months; P<0.01). SEER, Surveillance, 
Epidemiology and End Results; NSCLC, non-small cell lung cancer; OS, overall survival.

Table 2 Baseline demographics and clinical characteristics for high grade (p)T1N0 (≤2 cm) NSCLC and comparison between segmentectomy 
and lobectomy groups for propensity matched cohort

Characteristics Lobectomy Segmentectomy P value

Age, mean (years) 68.75 69.25 0.62

Sex, n (%) 0.07

Male 133 (41.6) 156 (48.8)

Female 187 (58.4) 164 (51.3)

Race, n (%) 0.35

White 292 (91.3) 286 (89.4)

Black 15 (4.7) 25 (7.8)

Asian 10 (3.1) 7 (2.2)

Other 3 (0.9) 2 (0.6)

Table 2 (continued)
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Figure 2 SEER database was used to study patients with high grade (p)T1N0M0 NSCLC (≤2 cm), who underwent lobectomy or 
segmentectomy. Propensity score analysis was used to create 1:1 matched pairs between lobectomy and segmentectomy (n=320 each). 
Patients who underwent lobectomy had a significantly longer OS than patients who underwent segmentectomy (87 vs. 62 months; P=0.011). 
SEER, Surveillance, Epidemiology and End Results; NSCLC, non-small cell lung cancer; OS, overall survival.
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Table 2 (continued)

Characteristics Lobectomy Segmentectomy P value

Marital status, n (%) 0.6

Single 24 (7.5) 35 (10.9)

Married 176 (55.0) 177 (55.3)

Divorced 44 (13.8) 42 (13.1)

Widowed 61 (19.1) 50 (15.7)

Separated 3 (0.9) 1 (0.3)

Unknown 12 (3.8) 15 (4.7)

Tumor histology, n (%) 0.66

Squamous cell carcinoma 112 (35) 119 (37.2)

Adenocarcinoma 153 (47.8) 148 (46.3)

Large cell carcinoma 25 (7.8) 19 (5.9)

Neuroendocrine 2 (0.6) 5 (1.6)

Other 28 (8.8) 29 (9.1)

Tumor grade, n (%)     0.56

Poorly differentiated, grade III 308 (96.3) 305 (95.3)

Undifferentiated, grade IV 12 (3.8) 15 (4.7)

(p)T stage, n (%) 0.83

(p)T1a 47 (14.7) 49 (15.3)

(p)T1b 273 (85.3) 271 (84.7)

Tumor size, mean (mm) 15.03 14.65 0.28

NSCLC, non-small cell lung cancer.
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Table 3 Clinical and pathologic characteristics with associated HR based on cox regression multivariate analysis of OS in patients with high-grade 
<2 cm NSCLC following lobectomy or segmentectomy

Variables HR 95% CI P value

Age, mean (years) 1.04 1.03–1.05 <0.001

Male gender 1.3 1.18–1.44 <0.001

Race

White 1

Black 0.95 0.79–1.15 0.62

Asian 0.74 0.54–1.01 0.06

Other 1.02 0.71–1.47 0.91

Marital status  

Divorced 1

Married 0.8 0.70–0.92 0.002

Single 1.04 0.86–1.26 0.7

Widowed 0.97 0.82–1.15 0.74

Tumor histology

Adenocarcinoma 1

Squamous cell carcinoma 1.14 1.03–1.26 0.01

Large cell carcinoma 1.27 1.06–1.53 0.01

Neuroendocrine 1.63 1.06–2.53 0.03

Other 1.16 0.99–1.36 0.06

Tumor grade

Poorly differentiated, grade III 1

Undifferentiated, grade IV 0.92 0.72–1.17 0.5

Tumor size, mean (mm) 1.01 0.99–1.02 0.47

(p)T stage

(p)T1a 1

(p)T1b 0.99 0.82–1.20 0.94

Surgery type

Segmentectomy 1

Lobectomy 0.84 0.714–0.989 0.04

Lymph nodes examined 0.98 0.97–0.99 <0.001

OS, overall survival; NSCLC, non-small cell lung cancer.

underwent sublobar resection as opposed to lobectomy for 
T1 NSCLC, showed higher risk of locoregional recurrence 
despite adequate margin to tumor ratio (≥1). This was 
corroborated by Kim et al. and others, who have shown 
STAS and PD-L1 expression as important prognostic 

variables in patients with early stage NSCLC (21). On 
the contrary, the concept of tumor metabolic activity as 
measured by the PET scan [standard uptake value (SUV) 
max] as a point of contention between lobectomy and 
segmentectomy was dispelled by Kamel et al., where the 
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authors showed equivalent survival between lobectomy 
and segmentectomy for (c)T1N0 NSCLC, with SUV max 
values ≥3 g/dL (22). Similarly, Razi et al. showed equivalent 
survival between lobectomy and segmentectomy for clinical 
stage IA lung cancer with unsuspected (p)N1/N2 disease, 
essentially challenging the dogma mandating lobectomy when 
unsuspected microscopic lymph node metastases is diagnosed 
intraoperatively (23). In essence, there are potentially host 
of yet unknown histopathological markers that may portend 
poorer prognosis with limited lung resection surgery.

Histologic grade of a tumor provides prognostic information 
in addition to that provided by the stage of the disease (24). A 
previous analysis of 5,018 hospital-based patients diagnosed 
between 1997 and 2003 and 712 population-based patients 
diagnosed between 1984 and 2003 with NSCLC revealed that 
histologic grade was significantly associated with survival after 
adjustment for the effects of age, sex, smoking status, tumor 
stage, histologic subtype and treatment administered (25).  
In our cohort of (p)stage 1, grade 3 and 4 NSCLC less than 
2 cm, we have shown that both unmatched and matched 
cohorts demonstrate significantly better survival outcomes for 
lobectomy as opposed to segmentectomy. To the best of our 
knowledge, our study is the first to compare segmentectomy 
and lobectomy specifically for high grade NSCLC and 
significantly enhances our understanding for appropriate 
patient selection for segmentectomy.

It is also important to appreciate that our study, being a 
population-based database is multi-institutional and mirrors 
the practice across the United States. However certain 
limitations exist to our data that is inherent to any large 
population-based study. Being a retrospective study, some 
degree of selection bias is inevitable. We tried to remedy 
this by using a propensity-matched and multivariate analysis. 
Secondly the SEER database does not contain information 
on patient comorbid conditions. These may be an important 
confounding factor when looking at survival outcomes 
as patients who undergo segmentectomy tend to have a 
greater number of comorbidities and reduced baseline 
lung function. Also important are the technical disparities 
among operators on what constitutes a segmentectomy. 
Another important distinction that could not be made from 
SEER database, is whether the information on histologic 
grade was available prior to planned operation, or on final 
pathology after the surgical resection.

Conclusions

Based on our analysis of 4,332 patients over 12 years, we 

conclude that lobectomy is associated with better long-
term survival outcomes as compared to segmentectomy for 
small peripheral NSCLC ≤2 cm and high grades of tumor 
differentiation. We believe that additional work is needed 
to further refine the criteria for segmentectomy, stratifying 
various NSCLC histologies with their respective grades to 
allow for more comprehensive selection for segmentectomy.
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