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Abstract

Objectives
Guideline-specified curative therapies for a clinical stage I non-small cell lung cancer 
(NSCLC) are either lobectomy or Stereotactic Ablative Radiotherapy (SABR). As outcomes 
of prospective randomized clinical trials comparing these modalities are unavailable, we 
performed a propensity-score matched analysis to create two similar groups in order to 
compare clinical outcomes.

Methods
We selected 577 patients, 96 VATS or open lobectomy were treated at Erasmus University 
Medical Center Rotterdam and 481 SABR patients were treated at VU University Medical 
Center Amsterdam with clinical stage I NSCLC.

Results
Matching of patients according to propensity score resulted in a cohort that consisted of 
73 patients in the surgery group and of 73 patients in the SABR group. Median follow-up in 
the surgery and SABR group was 49 months and 28 months, respectively. Overall survival 
of patients who underwent surgery was 95% and 80% at 12 and 60 months, respectively. 
For the SABR group this was 94% at 12 months and 53% at 60 months. No statistical 
significant difference (p = 0.089) in survival was found between these groups.

Conclusions
In this study we found no significant differences in overall survival in propensity matched 
patients diagnosed with stage I NSCLC treated either surgically or with SABR. After 3 
years there seems to be a trend toward improved survival in patients who were treated 

surgically.
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Introduction

Lung cancer is the most common cause of cancer-specific mortality worldwide1,2. Surgical 
resection is the preferred treatment for operable early stage NSCLC3. A patient is eligible 
for surgery if the tumor is completely resectable, and the patient is fit to undergo surgical 
intervention. Surgical resection in the form of lobectomy remains the standard of care 
for stage I and II NSCLC as it is associated with less complications and better survival 
outcomes in the elderly4. However, technical improvements have led to the development 
of minimally invasive surgical procedures carried out by Video-Assisted Thoracoscopic 
Surgery (VATS). Several studies have shown the notable benefits of VATS, in particular in 
older and frail patients, and it has gained importance in the last years5,6.
 
Stereotactic Ablative Radiotherapy (SABR) is an option for patients who are not candidates 
for surgery due to medical comorbidities or who are refusing surgery3. Additionally, 
factors such as patient preferences and recommendations of the multidisciplinary team 
play an important role in treatment decision. Individual studies have demonstrated 
excellent locoregional control rates and overall survival7,8. Population studies reveal a 
longer overall survival in elderly early-stage NSCLC patients following the introduction 
of SABR in The Netherlands9. Due to these good results and the low toxicity profile of this 
treatment, in recent years a shift has been observed in patient referred for SABR from 
medically inoperable patients to patients potentially fit for surgery10.

Even though both SABR and surgical resection both appear to be suitable for patients 
presenting with early stage NSCLC and co-morbidities, currently there are no data 
available from randomized controlled trials comparing both treatment modalities. A few 
non-randomized studies comparing different surgical techniques with SABR in matched 
patients have been published, in which no differences in overall survival between both 
treatment groups were detected11–13. However, most of these published studies of VATS 
and surgical techniques examined data from small groups of patients or those treated in 
many centers where a variety of surgical techniques were used. The goal of our study was 
to use databases from two tertiary cancer centers to compare the outcomes of patients 
who underwent lobectomy, either by VATS or by means of thoracotomy, or SABR. The 
outcome of this matched propensity score analysis will provide more information on 
treatment options for stage I NSCLC patients.
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Methods

Study population
From January 2003 to January 2012, 577 consecutive patients (96-VATS or open lobectomy 
treated at Erasmus Medical Center Rotterdam (EMC) and 481-SABR patients treated at 
VU-University Medical Center Amsterdam (VUMC)) were identified with clinical stage-I 
NSCLC. Clinical stage I was based on American-Joint-Committee-in-Cancer 7th-edition 
staging manual14. Clinical staging was done with CT-scan, 18FDG-PET imaging (64 patients 
in surgery group and 72 patients in radiotherapy group) or using minimally invasive 
endoscopic techniques (53 patients in surgery group and 27 patients in radiotherapy 
group) when appropriate. All patients were discussed in a multidisciplinary team before 
treatment. Patients in surgical group underwent lobectomy, either by VATS or by means 
of thoracotomy. Radical lymph node dissection was performed in accordance with 
the guidelines15. Furthermore the observation of enlarged or suspicious lymph nodes 
intraoperative led to sampling of the different node stations. SABR was delivered using 
risk-adapted fractionation schemes, with a more fractionated scheme for larger tumors 
and those adjacent to critical normal organs, as has previously been described16. 

Exclusion criteria were: previous lung malignancy, synchronous lung tumor, severe 
chronic obstructive pulmonary disease (COPD), other cancers five years before treatment 
of current lung cancer, and neo-adjuvant chemo-radiotherapy. Erasmus-MC is a large 
tertiary hospital that provides specialized care for challenging patients. Even though 
there is a large database of surgically treated lung cancer patients the application of the 
exclusion criteria led to a cohort of only 96 surgical patients for the analysis of this study. 
The majority of the excluded stage-I patients had a history of other cancer or synchronous 
lung tumor.

Data collection
All patients, who received treatment for stage-I NSCLC at EMC or VUMC, were registered 
in a dedicated database. Comorbidity scores were recorded using Charlson Comorbidity 
Index (CCI)17. COPD was defined according to the GOLD-criteria18. Toxicity in SABR group 
and complications in surgery group were scored according to Common Terminology 
Criteria for Adverse Events version 4.019. The definitions of tumor recurrence for both 
modalities were consistent with Table 1 ACCP-STS consensus20. Freedom from progression 
was defined as freedom from any tumor recurrence. 



Surgery or SABR: propensity score analysis | 103

The follow-up period started on the first day of treatment. The overall survival time was 
defined as the difference between the start of treatment and the date of death or last 
follow-up. Patients lost to follow-up were censored at the last known follow-up date. The 
Dutch civil registry was consulted to assess late mortality for surgical patients. The Ethics 
Committee of EMC has approved the conduct of the present study (MEC2013-273). The 
Ethics Committee of VUMC waived the need for informed consent.

Propensity score-matching
To reduce the bias of the retrospective nature of the study and to achieve comparable 
treatment groups a propensity score analysis was performed. Propensity score matching 
offers a way to achieve more balanced groups by matching treatment and control units 
based on a set of baseline characteristics21–24. The propensity score was calculated using 
multivariable logistic regression to model a dichotomous outcome of surgery or SABR for 
the cohort of 577 patients. Patient data were anonymized and outcome data were removed 
before propensity score matching was performed. The following covariates were used to 
match the patients: age, gender, clinical tumor stage, clinical tumor diameter, location 
of the tumor, histology of the tumor before treatment, pathology confirmation before 
treatment, FEV1, Charlson Comorbidity Index, and WHO performance score. Greedy 
matching technique was then used to match patients who were operated to patients that 
received SABR25. A propensity score difference of 0.20 was used as a maximum caliper 
width for matching the two treatment groups. In order to investigate covariate balance 
across the groups, absolute standardized differences for all measured covariates were 
assessed and visualized by constructing a Love-plot24,26.

Study outcome
The main outcome of interest was overall survival, occurrence of distant metastasis, and 
loco-regional failure after treatment for stage I NSCLC either with SABR, lobectomy by VATS, 
and lobectomy by means of thoracotomy. Every recurrence was confirmed with biopsy 
or 18FDG-PET-imaging and discussed in a multi-disciplinary team. All SABR patients who 
were suspected of having a local recurrence, but without pathological confirmation, were 
scored as having a recurrence.

Statistical analysis
The group comparison in the unmatched cohorts of continuous data (baseline and 
follow-up duration) was done using the unpaired t-test unless the data were not normally 
distributed (Kolmogorv–Smirnov–test); in these instances, we used the Mann–Whitney-U-
test for comparison. The group comparison in the unmatched cohort of categorical data 
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was done with the χ2-test or the Fischer-exact test when appropriate. Comparison in the 
matched cohort was done using the McNemar-test and paired sample t-test or Wilcoxon 
signed-rank test when appropriate. Overall survival of patients and time-to-event 
outcomes were determined using the Kaplan–Meier method27. Kaplan–Meier plots were 
truncated at the point in time when 10% of the original population was still at risk28,29. To 
correct for differences in follow-up time the Kaplan–Meier curves were compared using 
the Tarone–Ware-test. All tests were 2-sided, with an α-level of 0.05. Propensity matching 
was done using SAS 9.2 (SAS®, Cary, NC). Statistical software SPSS for Windows version-20 
(SPSS Inc., Chicago, IL) was used to construct descriptive tables. GraphPad Prism-5.00 for 
Windows (GraphPad software, San Diego, CA) was used to construct the Kaplan–Meier 
survival curves.

Results

Patient characteristics
A total of 577 patients with stage-I NSCLC were selected for matching (96 operated and 481 
SABR). Before matching patients in the SABR group were older, with higher CCI and lower 
FEV1%. Median follow-up time in the surgery and SABR group was 54 and 30 months, 
respectively. Baseline characteristics of unmatched patients can be found in Table 1.

Matching of patients according to propensity score resulted in a cohort that consisted 
of 73 patients in the surgery cohort and of 73 patients in the SABR cohort. Absolute 
standardized differences for all measured covariates were <10%, suggesting substantial 
covariate balance across the groups (Figure 1)26. Median follow-up time in the surgery 
and SABR group was 49 and 28 months, respectively. Baseline characteristics of matched 
patients can be found in Table 2.

The surgery group consisted of 32 patients (44%) who underwent VATS-lobectomy and 
41 patients (56%) who underwent lobectomy by means of thoracotomy. Lymph node 
dissection was performed in 62 patients (85%). The median number of dissected lymph 
node zones was 2 (range: 0–5), and the median dissected number of lymph per zone was 
4 (range: 0–20). In 27 patients (37%) six or more nodes were dissected. Nineteen patients 
(26%) were upstaged due to the size of the tumor or unsuspected nodal involvement. 
Unsuspected nodal involvement was detected at surgery in 8 patients (11%). Eleven 
patients were upstaged due to size of the tumor, with 6 patients (8%) upstaging from 
stage-IA to stage-IB and 5 patients (7%) upstaging from stage-IB to stage-IIA. 
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Table 1: Baseline characteristics: unmatched patients

Characteristics
N(%) or mean 
(range) ± SD

Cohort 
(n=577)

VATS or open 
lobectomy 

(n = 96)

SABR 
(n = 481)

p

Age, years 72 (39–91) ± 10 65 (39–83) ± 10 74 (47–91) ± 9 <0.001
Gender
- Male
- Female

333 (58)
244 (42)

57 (60)
39 (40)

276 (57)
205 (43)

0.718

cTNM
- Stage IA
- Stage IB

238 (57)
249 (43)

71 (74)
25 (26)

257 (53)
224 (47)

<0.001

Tumor diameter 
Missing

29 (1–107) ± 13
9(2)

23 (1–66) ± 13
5(5)

30 (8–107) ± 13
4(1)

<0.001

Location
- Right upper lobe
- Right lower lobe
- Right middle lobe
- Left upper lobe
- Left lower lobe

204 (35)
104 (18)

27 (5)
163 (28)
79 (14)

33 (34)
22 (23)

4 (4)
25 (26)
12 (13)

171 (36)
82 (17)
23 (5)

138 (29)
67 (13)

0.746

Pathology pretreatment
- Yes
- No

361 (63)
216 (37)

45 (47)
51 (53)

171 (36)
310 (64)

0.066

Histology pretreatment
- No
- Squamous cell
- Adenocarcinoma
- Other NSCLC

362 (62)
68 (12)
72 (13)
75 (13

51 (53)
17 (17)
11 (12)
17 (18)

311 (64)
51 (11)
61 (13)
58 (12)

0.316

FEV1 (L) 
Missing

1.83 ± 0.78
5(1)

2.41 ± 0.84
2(2)

1.72 ± 0.72
3(1)

<0.001

FEV1 (%) 
Missing

71 ± 24.4
5 (1)

83.59 ± 21.09
2 (2)

68.54 ± 24.29
3 (1)

<0.001

WHO performance score
- 0
- 1
- 2
- 3

106 (18)
277 (48)
172 (30)

22 (4)

56 (58)
30 (32)

7 (7)
3 (3)

50 (11)
247 (51)
165 (34)

19 (4)

<0.001

Charlson comorbidity 
score
- 0
- 1
- 2
- 3
- 4
- ≥5

56 (10)
180 (30)
150 (26)
104 (18)

43 (8)
44 (8)

28 (29)
30 (31)
21 (22)
10 (11)

4 (4)
3 (3)

28 (6)
150 (31)
129 (26)
94 (20)
39 (8)
41 (9)

<0.001

VATS indicates video-assisted thoracoscopic surgery; SABR indicates stereotactic 
ablative radiotherapy.
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Table 2: Baseline characteristics: matched patients

Characteristics
N(%) or mean 
(range) ± SD

Cohort 
(n = 146)

VATS or open 
lobectomy 

(n = 73)

SABR
 (n = 73)

p

Age 67(39–89) ± 10 67 (39–83) ± 9 67 (47–89) ± 10 0.592
Gender
- Male
- Female

86 (59)
60 (41)

44 (60)
29 (40)

42 (58)
31 (42)

0.868

cTNM
- Stage IA
- Stage IB

105 (72)
41 (28)

54 (74)
19 (26)

51 (70)
22 (30)

0.690

Tumor diameter
Missing

25 (1–70) ± 13
5 (3)

24 (1–66) ± 13
5 (7)

25 (8–70) ± 12
-

0.231

Location
- Right upper lobe
- Right lower lobe
- Right middle lobe
- Left upper lobe
- Left lower lobe

47 (32)
33 (23)
10 (7)

37 (25)
19 (13)

22 (30)
19 (26)

4 (6)
17 (23)
11 (15)

25 (34)
14 (20)

6 (8)
20 (27)
8 (11)

0.796

Pathology pretreatment
- Yes
- No

62 (43)
84 (58)

34 (47)
39 (53)

28 (38)
45 (62)

0.405

Histology pretreatment
- No
- Squamous cell
- Adenocarcinoma
- Other NSCLC

84 (58)
18 (12)
19 (13)
25 (17)

39 (53)
10 (14)
10 (14)
14 (19)

45 (62)
8 (11)
9 (12)

11 (15)

0.300

FEV1 (L) 
Missing

2.29 (0.82)
2 (1.4)

2.30 (0.83)
2 (2.7)

2.27 (0.81)
-

0.834

FEV1 (%) 
Missing

80.88 (21.19)
3 (2)

80.37 (20.11)
2 (3)

81.38 (22.33)
1 (2)

0.860

WHO performance score
- 0
- 1
- 2
- 3

63 (43)
67 (46)
13 (9)
3 (2)

36 (49)
27 (37)
7 (10)
3 (4)

27 (37)
40 (55)

6 (8)
–

0.776

Charlson comorbidity 
score
- 0
- 1
- 2
- 3
- 4
- ≥5

28 (19)
51 (35)
36 (25)
16 (11)
10 (7)
5 (3)

15 (20)
24 (33)
18 (25)
9 (12)
4 (6)
3 (4)

13 (18)
27 (36)
18 (25)
7 (10)
6 (8)
2 (3)

0.844
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Figure 1: Love plots for absolute standardized differences for baseline covariates between 
patients treated surgically or with stereotactic ablative radiotherapy, before and after 
propensity score matching. LLL: left lower lobe; LUL: left upper lobe; RML: right middle lobe; 
RLL: right lower lobe; RUL: right upper lobe.

Patients upstaged at surgery received adjuvant treatment, with 5 patients (7%) receiving 
chemotherapy and 7 patients (10%) treated with radiotherapy (nodal disease in 1 patient 
and positive surgical margins in 6 patients (in 4 patients the cancer cells extended to the 
edge of the removed tissue and 2 patients had close margin with growth in surrounding 
lymph node or extension to the pleura)). Seven patients (10%) did not received adjuvant 
treatment due to poor performance status or they refused adjuvant treatment.

The total radiation dose delivered to SABR patients ranged from 54 to 60 Gy, delivered in 
3 (38%), 5 (44%) or 8 (18%) fractions. Overall treatment time in the SABR group was 1.7 
weeks. Median duration of hospital stay after surgery was 8 days (range: 1–68 days).

Treatment toxicity
Complications after surgery were observed in 31 patients (42%) with Common Terminology 
Criteria for Adverse Events (CTCAE) grade-1 observed in 13 patients (18%), grade-2 in 
13 patients (18%), and grade-3 in 5 patients (7%). After six weeks, a single patient (1%) 
developed grade-5 side effects. This patient developed pseudomonas pneumonia and 
renal failure, and died 68 days after surgery. Four patients (5%) needed reoperation due to 
hemothorax, thoracic empyema or persistent air leak.

In the SABR patients, no mortality was observed after 90 days of treatment. Complications 
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within 6 weeks after SABR were observed in 34 patients (47%), with grade-1 toxicity 
observed in 28 patients (38%) and grade-2 in 7 patients (10%). Side effects after 6 weeks 
were observed in 24 patients (33%). Late side effect grade-1 was observed in 16 patients 
(22%), grade 2 in 7 patients (10%), and grade 3 in 1 patients (1%) due to central stenosis.

Survival
The observed overall survival of patients who underwent surgery was 95% (95% 
Confidence Interval (CI) = 86–98%) at 12 months and 80% (95%CI = 66–88%) at 60 months. 
For SABR group this was 94% (95%CI = 85–98%) at 12 months and 53% (95%CI = 35–68%) 
at 60 months. The survival between the two patient groups was not statistically significant 
(Tarone–Ware p-value = 0.089) ( Figure 2a). The median follow-up time to any recurrence 
was 10 months in both treatment groups. Freedom from progression was not significantly 
different between the two treatment groups (p-value = 0.903). Among surgical patients 
freedom from progression at 12 and 60 months was 93% (95%CI = 84–97%) and 76% 
(95%CI = 62–85%), respectively. This was in SABR group 93% (95%CI = 83–97%) at 12 
months, and 70% (95%CI = 52–82%) at 60 months ( Figure 2b).

Distant metastasis occurred in 24 patients (10 patients in surgery group, 12 patients in 
SABR group). Distant control rates were not significantly different between the two 
groups (p-value = 0.334). Among surgical patients, the distant control rates at 12 and 60 
months were 96% (95%CI = 87–99%) and 85% (95%CI = 72–92%), respectively. This was 
in the SABR group 94% (95%CI = 85–98%) at 12 months, and 74% (95%CI = 56–86%) at 60 
months ( Figure 2c).

Loco-regional control rates were also not significantly different between the two groups 
(p-value = 0.221). Corresponding 12- and 60 months loco-regional control rates in the 
surgery group were 97% (95%CI = 89–99%) and 90% (95%CI = 80–96%), respectively. This 
was in the SABR group 97% (95%CI = 87–99%) at 12 months, and 79% (95%CI = 63–89%) 
at 60 months ( Figure 2d).

Discussion

This propensity score-matched analysis reveals that overall survival of patients with 
clinical stage-I NSCLC treated surgically or with SABR is similar up to 3 years. After 3 years 
there seems to be a trend toward better survival for surgical patients. Loco-regional 
control rates, distant metastasis and freedom from progression did not differ significantly 
between treatment groups.
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Figure 2: Kaplan–Meier plot of: (a) Cumulative survival after stereotactic ablative 
radiotherapy (SABR), lobectomy by means of video-assisted thoracoscopic surgery (VATS) or 
thoracotomy; (b) freedom from progression after SABR, lobectomy VATS or thoracotomy; (c) 
distant control after SABR, lobectomy by VATS or thoracotomy; (d) loco-regional control after 
SABR, lobectomy by VATS or thoracotomy.

An important advantage of surgery in early stage NSCLC is the possibility of lymph node 
staging through lymph node dissection pre-operatively and during the operation. With 
optimal lymph node staging, patients with microscopic lymph node metastasis can be 
identified to receive adjuvant treatment. A possible explanation of the trend toward 
better survival for surgical patients after 3 years could be the practice variation in removal 
of suspicious lymph node zones during surgery. For example Verhagen et al. previously 
reported that in four hospitals in the Netherlands in only 4% of patients a complete lymph 
node dissection was performed30. However, it remains controversial whether complete 
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lymph nodes dissection and upstaging after surgery improves survival of patients with 
early stage NSCLC31,32. 

A limitation of surgical approach is that adjuvant therapy is usually needed in patients 
with incomplete excision of cancer. In this study 6 patients received adjuvant treatment 
in the form of radiotherapy due to positive surgical margin. Another explanation for 
the observed better outcome after surgery could be that patients treated with SABR 
are patients who were not eligible for a surgical treatment due to (patient and tumor) 
characteristics that were not included in the propensity score matching. There are many 
causes of death in lung cancer patients but Nichols et al. concluded that respiratory 
failure is by far the most frequent immediate cause of death in lung cancer patients (after 
tumor burden)33. Radiation therapy damages the lungs and blood vessels which could 
led to respiratory failure over time. This may explain the observed increased mortality in 
this patient group. Unfortunately, we were not able to provide cancer specific survival in 
this study. More research is needed to illustrate the causes of death and types of specific 
comorbidities contributing to the death.

Overall survival rates and loco-regional control rates in both groups are within the 
range reported previously for both treatment modalities11,34. Theories of improved 
immunological response following SABR have been postulated35,36. These theories 
might help to explain the similar freedom from progression in both treatment groups, 
even though SABR patients with microscopic lymph node metastasis are not identified 
with lymph node dissection. It remains unclear what the mechanism of tumor immune 
response (of combination immune-radiation therapy) is and how long the effect is 
maintained37.

The type and severity of complications observed after treatment differ between the SABR 
group and the surgery group. In SABR patients no treatment-related deaths were observed. 
Furthermore, late side effect grade-3 was observed in one SABR patient. In the surgical 
group one patient died due to renal failure and pseudomonas infection and 5 patients 
needed additional intervention. These differences in complications are important to 
address when treatment options are discussed with the patient. The observed treatment 
related toxicity and mortality is comparable with rates published previously5,38.

One of the strengths of present study is that patients in both treatment groups were treated 
in a single tertiary academic institution, with few variability in techniques and surgical 
team. In a previous study, published by Verstegen and colleagues, comparing SABR and 
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VATS-lobectomy in stage I–II NSCLC using propensity score matching, similar overall 
survival was observed in both patient groups, with improved loco-regional control in the 
SABR group11. However, the surgical outcome of the latter study might have been inferior 
due to the fact that surgical patients were treated in a number of different hospitals, by 
surgeons who may not have completed their learning curve.

The data of the present study must be interpreted within the context of the study design 
and population. Even with the accurate matching there are still some differences between 
patients in two treatment groups. Patients with WHO score > 2 were not accurately 
matched; this may cause differences in outcomes of patients. Furthermore, not all 
differences between both patient groups might be captured, as matching was done with 
only a limited number of variables. Staging procedure was not included as a covariate 
in propensity model. Before matching 36% of SABR patients (n = 171) were staged using 
minimal invasive endoscopic techniques, in surgery group this was 75% (n = 72). Using this 
technique in propensity model would limit the number of SABR patients for the analysis. 
Majority of patients were staged using CT-scan and/or 18FDG-PET imaging, adding these 
covariates would not have added value. Also, other factors not taken into account in the 
matching process may be responsible for the observed differences in outcome.

SABR has become a standard treatment option for patients unable or unwilling to 
undergo surgical resection. Good oncological outcome in these patients, has resulted in 
an increased interest for the use of SABR for potentially operable patients. No data on 
clinical trials comparing surgery and SABR for early stage NSCLC are currently available, 
but there are several published studies comparing both treatments, in which SABR seems 
to achieve at least comparable results to surgery, with a milder toxicity profile. However, 
it is important to realize that this is a propensity matched study of 2 selected subgroups 
of surgical and SABR patients. In the unmatched population patients in the surgery group 
were younger and had less comorbidity.

In conclusion, in propensity-matched clinical stage-I NSCLC patients who underwent 
SABR or surgery no difference in survival is observed up to 3 years, suggesting comparable 
effectiveness of treatment options with regard to patient survival. The observation 
that overall survival diverged after 3 years requires further research to elucidate the 
determinants of prognosis in relation to treatment options for patients with stage-I 
NSCLC, in order to facilitate patient-tailored treatment selection and optimize clinical 
decision making.
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