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Background: Lobectomy has traditionally been recommended for fit patients diagnosed with 

early-stage non-small-cell lung cancer (NSCLC). Recently, however, stereotactic body radio-

therapy (SBRT) has been introduced as an alternative treatment option. The purpose of this 

investigation is to compare survival outcomes for individuals with stage I/II NSCLC treated 

with lobectomy vs SBRT.

Methods: This retrospective study included 191 patients (100 surgery, 91 SBRT) identified 

through the Lung Cancer Evaluation Center, Stony Brook, NY, between 2008 and 2012. Sur-

vival and recurrence rates were compared using Kaplan–Meier curves, log-rank tests, and Cox 

proportional hazard models to adjust for possible confounders. A subset of cases was propensity-

matched to address potential differences in health status between groups.

Results: 1-, 3-, and 5-year survival outcomes were significantly better among patients under-

going lobectomy vs SBRT. Survival rates at 3 years were 92.8% and 59.0% (p<0.001) in the 2 

groups, respectively. Propensity-matched analyses indicated similar findings. Recurrence rates 

were likewise lower among patients undergoing surgery (7.1% vs 21.0%, p<0.01 at 3 years); 

however, statistical significance was not maintained in the propensity-matched analysis.

Conclusion: These findings add to a growing evidence base supporting the use of lobectomy 

vs SBRT in the treatment of lung cancer among healthy, early-stage NSCLC patients.

Keywords: SBRT, lobectomy, survival

Introduction
Lung cancer is the leading cause of cancer mortality worldwide, accounting for 1.3 

million deaths each year.1 In 2018, an estimated 234,030 new cases of lung cancer 

will be diagnosed in the United States and 154,050 disease-related deaths are expected 

to occur.2 The recommended treatment for early-stage non-small-cell lung cancer 

(NSCLC) has historically been lobectomy with mediastinal lymph node dissection,3 

and according to current National Comprehensive Cancer Network (NCCN) guidelines, 

surgery remains the best therapeutic option to date.4,5

Stereotactic body radiation therapy (SBRT) has traditionally been used as a con-

solidated treatment therapy for patients with medically inoperable lung cancer6 and 

in patients considered to be at high-risk as a result of comorbidities, poor pulmonary 

function, and/or advanced age.7 Recently, SBRT is being offered as a treatment option 

for healthy patients with early-stage lung cancer.8,9 It remains unclear, however, how 

survival and recurrence outcomes among patients being treated by SBRT compare to 

such rates among similar patients treated by surgical resection. The purpose of this 
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investigation was to evaluate 1-, 3-, and 5-year survival and 

recurrence outcomes between healthy patients with biopsy-

proven clinical stage I/II NSCLC undergoing primary treat-

ment with surgical resection compared to SBRT.

Methods
Data source/patient selection
A retrospective study of 191 biopsy-proven, early-stage 

NSCLC patients treated at Stony Brook Cancer Center’s 

Lung Cancer Evaluation Center between 2008 and 2012 was 

conducted to assess survival and recurrence outcomes between 

two different treatment modalities for patients with stage I/II 

lung cancer. This investigation included 100 patients treated by 

surgical lobectomy and 91 patients treated nonsurgically with 

SBRT. All patients were clinically staged by physical examina-

tion, imaging and biopsy results. Eligible patients underwent 

positron emission tomography-computed tomography (PET-

CT), which did not show any evidence of metastatic adenopa-

thy. Further, surgical patients also received pathological staging 

with lymph node status. For this investigation, staging was 

based on pathological report for the surgical cases and based on 

PET and biopsy including endobronchial ultasound for those 

treated by SBRT. Exclusion criteria included patients with 

small-cell lung cancer or other cancers that had metastasized 

to the lung, patients staged with IIB cancer or greater, patients 

who underwent resection for benign disease, and those without 

available preoperative staging chest PET/CT scans.

All patients were evaluated by surgeons prior to decid-

ing their course of treatment. The multidisciplinary workup 

included pulmonary function testing and complete cardiac 

status, as well as performance status determinations. Every 

patient was provided information on surgical interven-

tions, as well as SBRT, and subsequently decided (with the 

assistance of the clinical care team) on their individualized 

treatment plan.

Data abstracted for each patient included date of diagnosis, 

age at diagnosis, gender, histology (squamous cell, adenocar-

cinoma, other type), smoking history (current, former, never), 

history of comorbidities including COPD/asthma, history of 

hypertension and diabetes, location of the lesion (left lower 

lobe, left middle lobe, left upper lobe, right lower lobe, right 

middle lobe, right upper lobe), survival status, duration of 

survival, recurrence status, and time to recurrence.

Treatment options
Surgical technique
Lobectomy was performed with frozen section analysis for 

all bronchopulmonary, hilar, and mediastinal lymph nodes. 

Once the tumor was resected, pathological confirmation of 

T1 and NSCLC status was obtained, and histological infor-

mation from the lymph nodes was used for accurate staging. 

Patients were hospitalized for between 3 and 5 days, on aver-

age. Follow-up care included a CT scan after 1 month and 

semi-annually for 2 additional years, followed by CT scans 

every year for 5 years in accordance with NCCN guidelines. 

A PET scan was also performed at 12 months and again at 

24 months for surveillance.

Radiation technique
The lung cancer SBRT treatment regimen at the Stony Brook 

Cancer Center follows recommendations provided by the 

American College of Radiology and the American Society of 

Radiation Oncology. Patients receive 12 Gy for 4 treatments 

delivering high-dose radiation using multiple conformal 

coplanar and non-coplanar beams. This technique has been 

reported to concentrate the prescribed radiation dose to the 

tumor more precisely than conventional radiation therapy.7 

Patients undergoing SBRT have 2 treatments the first week 

and 2 treatments the following week. Patients are subse-

quently followed with CT at 3, 6, 12, 18, and 24 months and 

then yearly as per NCCN guidelines. A PET is performed at 

6, 12, and 24 months for surveillance.

Data used in this investigation did not include any per-

sonal identifiers, thereby ensuring patient confidentiality. As 

such, patient consent was not required by the Stony Brook 

University Institutional Review Board and Committee on 

Research Involving Human Subjects, which approved this 

investigation (approval number 2016-3701-F).

Data analyses
This investigation included 191 cases (n=100 surgery, n=91 

SBRT) with known survival status at 1-year post-treatment. 

χ2 tests and independent sample t-tests were used to evaluate 

differences between groups for categorical and continuous 

data, respectively. Kaplan–Meier (K–M) curves and log-

rank tests were presented to represent differences in 1-, 

3-, and 5-year survival and recurrence outcomes between 

treatment groups. Patients for whom no event occurred 

within the specified time frame were right-censored. K–M 

analyses were conducted independently at 1, 3, and 5 years 

based on available data for the time periods of interest. Cox 

proportional hazard (CPH) models were used to assess any 

possible effects of treatment on survival. The CPH models 

were adjusted for age, gender, smoking status, histology, 

and any comorbidity. HR and 95% CI are presented. Addi-

tionally, a propensity-matched analysis was performed to 
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evaluate 1-, 3-, and 5-year survival and recurrence outcomes 

between treatments groups among cases matched on factors 

found to be significantly different between groups. These 

factors included age at diagnosis, gender, histology, and 

any comorbidity. Propensity scores were calculated for each 

patient using logistic regression with the treatment group 

defined as the dependent variable and all noted covariates 

included as independent factors. Matching was based on 

the “nearest neighbor” approach with a caliper distance of 

0.15. To maximize sample size, “one to many” matching 

was applied in which a single SBRT patient was potentially 

matched to >1 surgical patient with similar propensity 

scores. The standardized mean difference between groups 

was ≤0.1 for each covariate, indicating a well-matched 

sample. The final propensity-based model yielded a total of 

n=76 surgery patients and n=56 SBRT patients who were 

propensity matched and served as the basis for the survival 

and recurrence analyses at year 1. Subsets of these patients 

with available data were evaluated at 3 and 5 years, as well.

These analyses were carried out using SPSS version 21 

(IBM Corporation, Armonk, NY, USA).

Results
This investigation included 191 patients with early-stage 

NSCLC treated by either surgical resection or SBRT. Table 1 

presents demographic characteristics of patients stratified by 

group (lobectomy vs SBRT). Patients undergoing surgery 

were younger, on average, than those receiving SBRT (65.5 

vs 73.7 years, p<0.01) and were more likely to be female 

(p=0.03). Additionally, approximately three-quarters of the 

SBRT group had a noted comorbidity, which was significantly 

higher than the 64% of any such comorbidity in the surgery 

group (p=0.05). Although smoking status at the time of 

diagnosis and the location of the lesion were not significantly 

different between groups, the distribution of histology type 

varied between the surgery vs SBRT patients. Adenocarci-

noma and squamous cell cancers collectively represented 

98% of the histologic findings among those undergoing 

resection compared with 89% among those receiving radia-

tion therapy (p=0.03).

Kaplan–Meier curves for all study participants are dis-

played in Figure 1. A significant survival benefit is noted for 

patients undergoing lobectomy compared to those receiving 

SBRT (p<0.001).

CPH models were used to estimate the effect of treatment 

on survival outcomes, while adjusting for age at diagnosis, 

gender, smoking status, histology, and any comorbidity. 

The finding indicate that surgical resection significantly 

improved survival compared to SBRT (HR =0.19, 95% CI 

[0.09, 0.38]). Furthermore, none of the additional factors 

Table 1 Demographic characteristics of lobectomy vs SBRT among early-stage lung cancer patients

Characteristic Lobectomy (N=100) SBRT (N=91) P-value

Age at diagnosis, years 65.5±9.9 73.7±9.8 <0.01
Gender, % male 35.0 50.5 0.03
Histology

Adenocarcinoma 77.0 63.7 0.03
Squamous cell 21.0 25.3
Other 2.0 11.0

Smoking status
Current 45.0 38.5 0.06
Former 53.0 51.6
Never 2.0 9.9

COPD, % 46.0 59.0 0.08
Hypertension, % 34.0 21.7 0.07
Diabetes, % 10.0 7.2 0.51
Any comorbidity, % 64.0 77.1 0.05
Location

LLL 26.0 20.9 0.24
LML – –
LUL 25.0 24.2
RLL 22.0 18.7
RML 5.0 1.1
RUL 22.0 35.1

Abbreviations: LLL, left lower lobe; LML, left middle lobe; LUL, left upper lobe; RLL, right lower lobe; RML, right middle lobe; RUL, right upper lobe; SBRT, stereotactic 
body radiation.
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included in the model were found to be significant predic-

tors for survival.

Table 2 presents the 1-, 3-, and 5-year survival outcomes 

for each treatment group. Both 1- and 5-year survival out-

comes were significantly improved in patients in the resec-

tion group compared to those treated by SBRT. Among all 

cases, survival rates 1-year post surgery were 99.0% for those 

resected compared to 90.1% in the radiation group (p=0.01). 

At 3 years after treatment, survival rates among the patients 

undergoing surgery remained relatively constant (99.0% 

to 92.8%), while corresponding rates in the SBRT group 

decreased by approximately 35% (90.1% to 59.0%). Survival 

was significantly better among surgery patients, with 5-year 

survival found to be >2 times higher among patients who 

underwent lobectomy compared to those receiving SBRT 

(80.4% vs 36.8%, p<0.001). When cases were propensity 

matched for age at diagnosis, gender, histology, and any 

comorbidity, the findings were similar. At 5 years, the survival 

rate among patients undergoing surgery was 76.2% vs 30.0% 

among those receiving SBRT (p<0.001) (Table 2).

Table 3 presents the 1-, 3-, and 5-year recurrence for 

patients treated by lobectomy vs SBRT. At year 1, lung 

cancer recurrence rates were 4 times higher among patients 

receiving SBRT compared to those undergoing surgical 

resection (8.8% vs 2.0%, p=0.04). At 5 years, more than 

one-quarter of patients treated with radiation were found 

to have had a recurrence compared to 12.3% among those 

treated by surgery (p=0.05). When the cases in both groups 

were propensity matched, the findings showed similar rates 

of recurrence at 1, 3, and 5 years, but the differences between 

treatment modalities did not achieve statistical significance, 

likely due to the reduced sample sizes.

Discussion
Data are limited regarding the efficacy of surgical resec-

tion vs SBRT in the treatment of fit patients diagnosed 

with early-stage lung cancer. Although some studies have 

reported improved outcomes among patients treated with 

lobectomy compared to SBRT,7,8,10 others have found no 

significant differences in survival and/or recurrence between 

the 2 treatment modalities.11 Investigations to date have been 

challenged by issues related to sample selection biases, 

patient recruitment, and other factors. The present study of 

191 patients treated for stage I/II lung cancer at the Stony 

Brook Cancer Center found a significantly higher survival 

rate and fewer recurrences, both short term and long term, 

among patients undergoing surgical resection compared to 

those treated by SBRT. Although lobectomy appears to yield 

superior outcomes to SBRT, prospective studies are necessary 

to more accurately quantify the magnitude of the differences 

Figure 1 5-Year K–M survival curves for patients treated by lobectomy vs SBRT.
Abbreviations: K–M, Kaplan–Meier; SBRT, stereotactic body radiation.
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in both survival and recurrence among early-stage lung can-

cer patients treated by these modalities.

Survival outcomes
Several studies have compared survival rates between 

early-stage lung cancer patients undergoing surgical resec-

tion with those receiving SBRT, and the findings have been 

somewhat inconsistent. In one study of 58 operable, stage I 

NSCLC patients (31 SABR, 27 surgery), the 3-year survival 

outcomes were found to be superior in the SABR group 

compared to those undergoing lobectomy (95% vs 79%, 

respectively).9 Surgical resection, however, resulted in signifi-

cantly improved outcomes in several other investigations. In 

a study including 183 elderly (≥75 years) patients, a survival 

advantage was reported among 154 cases treated with lobec-

tomy compared to 35 treated with SBRT, with overall 5-year 

survival rates of 67.6% and 43.8%, respectively.11

Likewise, in another investigation, data were combined 

from 4 institutions and included 132 stage I lung cancer 

patients who underwent lobectomy and 137 who received 

SBRT.10 Patients in both groups were matched on histol-

ogy, Charleston comorbidity index, tumor size, history of 

diabetes, and/or hypertension and forced expiratory volume 

in 1 second. In the matched-pair analysis, the overall 5-year 

survival was superior in the surgical than the SBRT group 

(69.2% vs 33.7%, respectively; p=0.004). However, it was 

noted that after adjustment for treatment selection, the 

survival outcomes were found to be similar in both groups.

In a third study, survival outcomes among 462 patients 

with stage I lung cancer who underwent surgery were com-

pared to corresponding outcomes among 76 lung cancer 

cases who received SBRT.7 Surgery patients were reported 

to be younger and more fit than those in the radiation group, 

with fewer comorbidities and better pulmonary function test 

scores. In an unmatched analysis, the 3-year overall survival 

was significantly better in the surgery than the SBRT group 

(68% and 32%, respectively). However, after propensity 

matching 57 high-risk surgical patients to 57 SBRT patients, 

overall survival at 3 years was not found to be statistically 

significant (54% vs 38%).

One of the largest studies to date comparing long-term 

survival outcomes of healthy lung cancer patients with stage 

I disease resulted from a retrospective investigation using 

data from the National Cancer Database.8 A total of 13,562 

Table 2 1-, 3-, and 5-year survival rates among patients with early-stage lung cancer stratified by treatment modality

Survival time Lobectomy (% survived) SBRT (% survived) P-value

All casesa

1-year 99.0 90.1 0.01
3-year 92.8 59.0 <0.001
5-year 80.4 36.8 <0.001

Propensity-matched casesb

1-year 100.0 94.6 0.04
3-year 92.2 56.5 <0.001
5-year 76.2 30.0 <0.001

Notes: aAll cases – year 1: n=100 surgery, n=91 SBRT; year 3: n=83 surgery, n=78 SBRT; year 5: n=56 surgery, n=68 SBRT. bPropensity-matched cases were matched on age 
at diagnosis, gender, histology, and any comorbidity. Year 1: n=76 surgery, n=56 SBRT; year 3: n=64 surgery, n=46 SBRT; year 5: n=42 surgery, n=40 SBRT.
Abbreviation: SBRT, stereotactic body radiation.

Table 3 1-, 3-, and 5-year recurrence rates among patients with early-stage lung cancer stratified by treatment modality

Recurrence time Lobectomy n (%) recurrences SBRT n (%) recurrences P-value

All casesa

1-year 2 (2.0) 8 (8.8) 0.04
3-year 6 (7.1) 17 (21.0) 0.01
5-year 7 (12.3) 20 (26.0) 0.05

Propensity-matched casesb

1-year 2 (2.6) 4 (7.1) 0.22
3-year 5 (7.8) 9 (18.8) 0.08
5-year 6 (14.3) 10 (22.2) 0.34

Notes: aAll cases – year 1: n=100 surgery, n=91 SBRT; year 3: n=84 surgery, n=81 SBRT; year 5: n=57 surgery, n=77 SBRT. bPropensity-matched cases were matched on age 
at diagnosis, gender, histology, and any comorbidity. Year 1: n=76 surgery, n=56 SBRT; year 3: n=64 surgery, n=48 SBRT; year 5: n=42 surgery, n=45 SBRT.
Abbreviation: SBRT, stereotactic body radiation.
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clinical stage I patients treated with lobectomy were found 

to have significantly better outcomes than 1,781 patients 

receiving SBRT (p<0.001). Additionally, in a propensity-

matched analysis of 1,781 pairs of patients within the same 

study, surgery remained superior to radiation treatment with 

5-year survival rates of 59% vs 29% (p<0.001), respectively.

Results from the present investigation are consistent 

with other reports supporting the survival benefit of surgery 

over SBRT among early-stage NSCLC patients; however, 

the magnitude of the survival rates found in this investiga-

tion were significantly higher than those presented in other 

reports. The unmatched 3-year survival for the lobectomy 

and SBRT groups in the current study were 93% and 59%, 

respectively, compared to 68% and 32% in the study reported 

by Crabtree et al.7 Similar survival outcomes were also found 

with the propensity-matched analyses in both studies (92% 

and 57% survival at 3 years in the present investigation; 54% 

and 38% survival at 3 years in the study reported by Crabtree 

et al7). Additionally, our 5-year survival rates for the SBRT 

group in a propensity-matched analysis were consistent with 

those originating from the National Cancer Database (30% 

vs 29%); however, 5-year survival tended to be improved 

among patients in the present investigation compared to 

similarly matched lobectomy patients from the National 

Cancer Database (76% vs 59%). These findings add to the 

growing evidence base to support the use of lobectomy over 

SBRT in the treatment of early-stage lung cancer patients 

who are deemed to be fit for surgery, however, highlight the 

need for additional studies to better quantify the magnitude 

of the differences.

Recurrence outcomes
To date, only a limited number of reports describe recurrences 

among early-stage lung cancer patients treated by lobectomy 

vs SBRT, and the findings have been inconsistent. In one 

study by Varlotto et al,10 which included 132 cases treated 

with lobectomy and 137 with SBRT, both total recurrence 

and locoregional recurrence outcomes were found to be 

similar. Total recurrence control at 5 years was achieved 

in 55.5% of surgical patients and 83.3% of those receiving 

stereotactic radiation (p=0.258). Similarly in a study of 58 

stage I healthy NSCLC patients, 86% of SABR patients were 

recurrence-free at 3 years compared to 80% of the patients 

undergoing lobectomy. This difference was not statistically 

significant (p=0.54).

In a second study by Crabtree et al,7 which included 462 

surgery and 76 SBRT patients with stage IA disease, 3-year 

local tumor control was found to be significantly better among 

those undergoing surgery compared to those receiving SBRT 

(96% vs 89%, p=0.04). It was noted, however, that no such 

differences were observed for patients with stage IB cancer 

treated with either modality (p=0.89). Further, a propensity 

match of 57 patients undergoing resection and 57 receiving 

SBRT also showed no difference of local recurrence control 

at 3 years (88% vs 90%).7

Findings from the present study suggest better tumor 

control (fewer recurrences) among patients undergoing 

lobectomy compared to those receiving SBRT. At 3 years, 

recurrence control was 93% and 79% (p=0.01) in each 

group, respectively, which is consistent with rates reported 

by Crabtree et al7 (96% and 89%, respectively). At 5 years, 

control was achieved for 88% and 74% (p=0.05) among those 

receiving the respective treatment modalities in the present 

investigation. After propensity matching of cases in both 

groups, 5-year recurrence rates tended to be higher among 

patients receiving SBRT compared to lobectomy; however, 

the findings did not achieve statistical significance, likely 

due to the reduced sample size in the latter analysis. To our 

knowledge, comparable 5-year recurrence data have not been 

reported by other studies to date. Additional prospective 

investigations are required to better quantify the true mag-

nitude of the differences in outcomes between the 2 groups.

Limitations
This study has several limitations including its reduced 

sample size, retrospective study design, and unavailable 

data for factors that may influence outcomes. These include 

(but are not limited to) pulmonary function tests and lack 

of pathological staging information for patients receiving 

SBRT. Although it would be optimal to compare lobectomy 

vs SBRT outcomes in a controlled randomized trial, such 

attempts by the American College of Surgeons Oncology 

Group and others have not been successful to date, mainly 

due to challenges with accruing patients.8,12,13

Given the observational nature of studies designed to 

evaluate the efficacy of the 2 treatment modalities, it is 

often difficult to identify comparable patients in each group. 

There is a fair amount of heterogeneity among patients with 

regard to age, pulmonary function, and other factors. Typi-

cally, patients receiving SBRT are disproportionately less 

healthy than surgical candidates, thus introducing inherent 

biases into the investigation.6 Since comorbidities have been 

associated with worse health outcomes and more complex 

clinical management,14 we adjusted for such comorbidities 
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(COPD/asthma, hypertension and diabetes), in our analyses. 

In addition, to further address possible sample selection 

biases, we also performed a propensity-matched analysis, 

which is designed to account for the imbalance between 

groups.15 We matched the surgical and SBRT patients on 

age at diagnosis, gender, histology, and any comorbidity, and 

the findings were similar to those based on the full cohort. 

At 5 years, the survival rate among patients undergoing 

surgery was 76.2% vs 30.0% among those receiving SBRT 

(p<0.001).

Three randomized trials were not completed due to poor 

accrual – primarily because of bias of investigator. Our insti-

tution treatment selection is also biased – surgical patients 

have better pulmonary and general function, and SBRT 

patients have poor functional status. Because SBRT showed 

a strong survival benefit in inoperable patients, it is projected 

to be at least the same in operable patients.

Conclusion
Our study comparing survival and recurrence rates among 

early-stage lung cancer patients treated by lobectomy vs 

SBRT suggests that lobectomy leads to improved outcomes 

in fit patients undergoing surgical resection. Additional 

studies, including well-designed and sufficiently powered 

randomized trials, are necessary to better quantify the sug-

gested survival benefit.
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