L))

Check for
updat

Original Article

Stereotactic body radiation therapy or surgery for stage I-li
non-small cell lung cancer treatment? —outcomes of a
meta-analysis

Qiuning Zhang"**, Lihua Shao", Jinhui Tian’, Ruifeng Liu"?, Yichao Geng', Yiran Liao', Hongtao Luo"”,
Long Ge’, Shuangwu Feng', Xiaohu Wang'”?, Zhen Yang*

'Department of Radiation Oncology, The First Clinical Medical College of Lanzhou University, Lanzhou 730000, China; ‘Department of Radiation
Oncology, Gansu Provincial Cancer Hospital, Lanzhou 730050, China; ‘Key Laboratory of Clinical Translational Research and Evidence-based
Medicine of Gansu Province, Lanzhou University, Lanzhou 730000, China; “Basic Medical College of Lanzhou University, Lanzhou 730000, China
Contributions: (I) Conception and design: X Wang, Q Zhang, J Tian, L. Shao; (I) Administrative support: X Wang, Q Zhang, J Tian; (IIT) Provision of
study materials or patients: L Shao, ] Tian, Y Liao, L Ge, Z Yang, R Liu; (IV) Collection and assembly of data: L Shao, Y Liao, Q Zhang, Y Geng, S
Feng, H Luo; (V) Data analysis and interpretation: Q Zhang, X Wang, ] Tian, L Shao, L Ge, R Liu; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.

"These authors contributed equally to this work.

Correspondence to: Xiaohu Wang, MD. Department of Radiation Oncology, The First Clinical Medical College of Lanzhou University, Gansu
Provincial Cancer Hospital, Lanzhou 730050, China. Email: xhwanggansu@163.com.

Background: Stereotactic body radiotherapy (SBRT) has been increasingly recognized as a favourable
alternative to surgical resection for early-stage non-small cell lung cancer (NSCLC). Many retrospective
analyses compared the efficacy of SBRT with that of surgery for NSCLC. However, the difference in efficacy
between SBRT and surgery in patients with early-stage NSCLC remains unclear.

Methods: We searched PubMed, the Cochrane Library, EMBASE and the Chinese Biomedical Literature
Database from inception to March 14, 2018, to identify studies comparing SBRT with surgery in the
treatment of stage I/II NSCLC. STATA 12.0 software was used to perform the meta-analysis.

Results: A total of 15 studies that carried out propensity score matching (PSM) were included. In this
meta-analysis, patients with SBRT had worse overall survival (OS) than those with surgery, but the analysis
restricting studies to the same adjustment factors showed that the difference in OS gradually decreased with
the increase in comparable matching characteristics between the two groups and that there was eventually
no significant difference. Patients treated with SBRT achieved similar cause-specific survival (CSS), local
control, regional control, loco-regional control, and distant control compared with surgery. In addition, a
separate analysis of 6 studies that compared SBRT with lobectomy also showed that with the increase in
comparable matching characteristics between surgery and SBRT; the OS differences gradually decreased, and
there was eventually no significant difference.

Conclusions: In this study, we found more favourable OS for stage I/Il NSCLC treated with surgery, but when
there were increasing numbers of comparable matching characteristics between surgery and SBRT, the differences
in the survival rate were reduced to the point that they were not significant. The CSS and recurrence (local,
regional, or disseminated) differences between surgery and SBRT were also not significant. Therefore, SBRT has
the potential to be an alternative to surgical treatment in patients with stage I/II NSCLC, but these findings need
to be confirmed by large-sample, long-term follow-up randomized clinical studies.
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Introduction

Lung cancer is the most common type of cancer in China,
with an annual incidence of approximately 7,810,001 new
cases (1), and it is also the main cause of cancer death in the
United States (2). In 2018, 154,050 deaths are estimated to
be related to lung cancer (3). Only 18% of all patients with
lung cancer are alive 5 years or more after diagnosis (4).
Advanced diagnosis has been the main obstacle to the
improvement of lung cancer survival rates (5,6). The
National Lung Screening Trial (ACRIN Protocol A6654)
showed that screening individuals with high-risk factors
using low-dose CT decreased the mortality rate from lung
cancer by 20% (7). Thus, early diagnosis and treatment of
lung cancer are extremely important. Lung cancer is the
leading cause of cancer-related deaths worldwide. NSCLC
constitutes approximately 80% of lung cancer cases. For
early-stage NSCLC, lobectomy with mediastinal node
dissection or sampling remains the standard therapy for
operable patients (8). However, some patients cannot
undergo surgical treatment because of considerable
complications or advanced age. Recently, SBRT has been
increasingly used for the treatment of early NSCLC. Chang
et al. (9) reported the results of two phase III clinical trials
(STARS and ROSEL) for operable stage I NSCLC, which
showed that the 3-year survival rate following treatment with
stereotactic ablation radiotherapy (SABR) was higher than
that following treatment with surgery (P=0.037). However,
Samson ez al. (10) performed a clinical study focusing on the
same inclusion criteria as the STARS and ROSEL trials but
with different sample sizes and confirmed that the survival
results of small sample studies were highly variable and
unreliable. The results of retrospective studies on SBRT and
surgery for I/II NSCLC are inconsistent (11,12). Therefore,
we carried out a meta-analysis with the aim of comparing the

efficacy of SBRT and surgery for stage I/II NSCLC.

Methods
Search strategy

The electronic databases searched included PubMed, The
Cochrane Library, EMBASE and the Chinese Biomedical
Literature Database from their inception to March 14, 2018.
All searches used a combination of advanced retrieval and
topic retrieval. References of relevant studies were hand-
searched to identify additional relevant publications. The
search strategy for PubMed is shown in Box 1, and the search
strategies for other databases can be found in Appendix 1.

© Translational Cancer Research. All rights reserved.
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#1. Search “Lung Neoplasms”[Mesh]

#2. Search Pulmonary Neoplasm* [Title/Abstract] OR Lung
Neoplasm [Title/Abstract] OR Lung Cancer* [Title/Abstract]
OR Pulmonary Cancer* [Title/Abstract]

#3. Search “Radiosurgery”[Mesh]

#4. Search Radiosurgeries [Title/Abstract] OR Stereotactic
Radiation Therap* [Title/Abstract] OR Stereotactic Radiation*
[Title/Abstract] OR Stereotactic Radiosurger* [Title/
Abstract] OR Gamma Knife Radiosurger* [Title/Abstract]
OR Stereotactic Body Radiotherap* [Title/Abstract] OR
Linear Accelerator Radiosurger* [Title/Abstract] OR LINAC
Radiosurger* [Title/Abstract] OR CyberKnife Radiosurger®
[Title/Abstract]

#5. Search #1 OR #2

#6. Search #3 OR #4

#7. Search #5 AND #6

Box 1 PubMed search strategy.

Inclusion and exclusion criteria

Studies were included if they met the following criteria:
(I) Published in Chinese or English; (II) early-stage
NSCLC strictly limited to stage I and II; (III) the type
of intervention was stereotactic body radiation therapy,
equivalent to SABR and stereotactic radiosurgery. The
control was surgical procedures that could be either full
anatomical resections, including lobectomy, bilobectomy,
and pneumonectomy, or limited lung resection, including
sublobar resection, segmentectomy, and wedge resection;
(IV) retrospective study design; and (V) outcomes of interest
included overall survival (OS), cause-specific survival (CSS),
freedom from progression (FFP), recurrence-free survival
(RFS), disease-free survival (DFS), local control rate (LCR),
regional control rate (RCR), loco-regional control rate
(L-RCR) and/or distant control rate (DCR).

Exclusion criteria: (I) For republished literature, if more
than one study reported the same measurement for the
same clinical trial, only the broader study was selected; if the
measurement indicators were different, the corresponding
measurement indicators were all included in the analysis;
(II) studies with incomplete data or missing information,
such as case reports, reviews, notes, letters, commentaries
and errata; and (III) studies that included other treatment

measures.

Study selection and data collection

Two investigators (L Shao and Y Liao) independently
screened the titles and abstracts of potentially relevant
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studies. We retrieved the full text of relevant studies for
further review by the same two reviewers. A third senior
investigator (Q Zhang) resolved any discrepancies between
the reviewers. The same paired reviewers extracted study
details independently. A third investigator (Q Zhang)
reviewed all data entries. We extracted the following data:
author, study design, study period, patient characteristics
(sex, age, case number, tumour size, stage), interventions
(radiation dose and fractionation schedule), sample size,
length of follow-up, and outcomes of interest [hazard ratios
(HR) with corresponding 95% confidence interval (95%
CI) or relevant data for HR and 95% CI calculation].

Quality assessment

We used the Newcastle-Ottawa Scale (NOS) to assess the
quality of the included studies (13). This scale judged a
study based on three broad perspectives: the selection of
the study groups, the comparability of the groups, and the
ascertainment of either the exposure or outcome of interest
for case-control or cohort studies, respectively.

Statistical analysis

This meta-analysis was performed with STATA 12.0
software. The endpoint outcomes were considered as a
weighted average of individual estimates of the HR in each
included study, using the inverse variance method. In a
meta-analysis, it is usually required that the corresponding
sample statistic of the effect size approximately obey a
normal distribution. When the effect indicator of the
endpoints of interest is the hazard ratio, the effect size is
the logarithm of HR. The InHR were considered to obey
a normal distribution. If the HR and the corresponding
95% CI were reported, the InHR and the corresponding
InLL and InUL were used as data points in the pooled
analysis. If the HR and 95% CI for surgical treatment to
stereotactic radiotherapy were provided, the HR and 95%
CI for stereotactic radiotherapy to surgical treatment were
calculated using the method described by Tierney ez 4. (14).
If the HR or 95% CI was not provided and when the K-M
curves were available, survival data were extracted from
amplified K-M curves using an open digitizing programme
(GetData Graph Digitizer), and the estimates of HR and
95% CI were calculated according to the method described
by Tierney et al. (14).

A sensitivity analysis was conducted for each study to
rule out its predominant influence on the pooled results.
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Heterogeneity was assessed by the )’ test according to the
Cochrane systematic review handbook and was investigated
using the I’ statistic. Studies with an I’ of 25 to 50%, 50%
to 75%, or >75% were considered to have low, moderate,
or high heterogeneity, respectively. The pooled HRs were
first calculated using the fixed-effects model. If there was
high heterogeneity among studies, the randomized-effects
model was used. A P value less than 0.05 was considered
statistically significant.

Results
Overview of literature search and study characteristics

A total of 7,330 studies were identified from the databases,
among which 54 were included in the full-text evaluation.
Fifteen retrospective studies were included in this meta-
analysis (11,12,15-27) (Figure I). All the included studies
were of moderate quality at least. Table 1 shows the basic
characteristics of the 15 studies. Among them, 6 studies
compared SBRT with lobectomy.

Meta-analysis results

(O

Fifteen studies reported OS (11,12,15-27). The pooled
HR showed that surgery was associated with a significantly
higher OS than SBRT (HR =1.81; 95% CI, 1.72-1.90;
P=0.000; Figure 2). The sensitivity analysis demonstrated
that the result of OS was relatively stable and credible
(Table S2). However, the matched baseline characteristics
in each study were not consistent (7able SI). We restricted
studies to the same matched and comparable characteristics,
and the results are shown in Table 2. The effect estimates
of SBRT versus surgery for each of the subgroups were as
follows: matched on six characteristics (11,20,23,25,26) (HR
=1.769; 95% CI, 1.223-2.559; P=0.002); matched on seven
characteristics (11,20,23,25) (HR =1.650; 95% CI, 1.112-
2.447, P=0.013); matched on eight characteristics (11,20,23)
(HR =1.623; 95% CI, 0.848-3.106; P=0.144); and matched
on nine characteristics (11,20) (HR =1.156; 95% CI, 0.623—
2.146; P=0.646). The sensitivity analysis demonstrated that
some of the results of OS for studies that were restricted to

the same matching and comparable characteristics were not
stable (Table S3).

CSS
Four studies (12,18,23,26) assessed CSS. The forest plot
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Records identified through database searching (n=7,330)

Records after duplicates removed (n=1,112) |«

Y

Records screened (n=6,218)

Records excluded (n=6,164) |«

Y

Full-text articles assessed for eligibility (n=54)

Study on elderly patients (n=11)
Conference summary (n=18)
No PSM study (n=8)

No English literature (n=2)

Y

Y

Studies included in quantitative synthesis (meta-analysis) (n=15)

Figure 1 Flow chart of study inclusion. PSM, propensity score matching.

is shown in Figure 3. The CSS (HR =1.49; 95% CI, 0.59-
3.77; P=0.401) was similar between SBRT and surgery
treatments. The sensitivity analysis excluding Hamaji’s
research (Tuble S2) showed that the HR =0.919; 95% CI,
0.50-1.70, the CSS still similar between SBRT and surgery

treatments.

FFP, DFS, or RFS

There were 8 studies that reported FFP, DFS, or RFS
according to the definitions in the literature. Four studies
defined FFP or DFS as the time from the start of treatment
until tumour recurrence or death (22,23,25,26). Surgery
showed significantly better outcomes compared with SBRT
(HR =2.25; 95% CI, 1.65-3.06; P=0.000; Figure 44). The
other four studies (11,15,16,20) defined RFS as freedom
from any tumour recurrence, and the pooled results showed
that there was no significant difference between surgery
and SBRT (HR =0.73; 95% CI, 0.34-1.60; P=0.434;
Figure 4B). According to the results of the sensitivity
analysis, the pooled results are relatively stable and credible

(Tuble S2).

LCR, RCR, L-RCR, or DCR

Three studies (12,23,25) reported data on LCR and RCR
(Figure 5). The pooled analysis showed that SBRT and
surgery had similar LCR/RCR, with pooled HRs of 2.22

© Translational Cancer Research. All rights reserved.

(95% CI, 0.69-7.17; P=0.184) and 1.23 (95% CI, 0.66-2.29;
P=0.517), respectively. Furthermore, four studies reported
data on L-RCR (11,15,20,22), six studies (11,12,20,22,23,25)
reported data on DCR, and the pooled analysis showed that
the differences were not statistically significant, with pooled
HRs of 1.11 (95% CI, 0.44-2.77; P=0.830) and 1.32 (95%
CI, 0.75-2.31; P=0.341), respectively (Figure 5). According
to the results of the sensitivity analysis, the pooled results

are relatively stable (7able S2).

OS comparison between SBRT and lobectomy

Six of the included studies (11,17,20,23,24,26) performed
a comparative study of lobectomy and SBRT for stage 1/11
NSCLC. A pooled analysis of these 6 studies showed that
lobectomy had a better survival benefit over SBRT (HR
=2.00; 95% CI, 1.45-2.74; P=0.000; Figure 6), and the
sensitivity analysis also showed similar results (Table S2).
The pooled results from analyses restricting studies to
those with comparable characteristics are shown in Table
3, and the effect estimates of SBRT to lobectomy for each
subgroup were as follows: matched on three characteristics
(11,20,23,24,26) (HR =2.044; 95% CI, 1.150-3.634;
P=0.015); matched on six characteristics (11,20,23,26)
(HR =1.837; 95% CI, 1.068-3.158; P=0.028); matched
on eight characteristics (11,20,23) (HR =1.623; 95% CI,
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Study %
ID HR (95% CI) Weight
Yerokun (2017) u 165 (1.46,1.86) 1565
Eba (2016) ; 9.00 (1.14, 71.04) 0.05
Kastelijn {2015) — 1.71(0.87.3.35) 0.0
Verstegen (2013) —_— 0.92 (0.42,2.00) 0.38
Cornwell (2018) —_ 2.96 (1.09, 8.07) 0.23
Crabtree (2014) —— 165 (1.00,271) 092
Hamaji (2015) ——— 2.56(1.32, 5.00) 0.51
Matsuo (2014) e 1.39(0.88,2.20) 1.09
Mokhles (2015) ——-i— 173(0.62,482) 022
Puri (2015) . 182 (1.71,1.94) 5761
Puri (2012) +o—t 1.26 (0.89, 1.80) 1.85
Robinson (2013) —_ 1.93(1.28,2.89) 1.38
Rosen (2016) .. 2.01(1.80,2.25) 1842
Varlatto (2013) —_ 1.84 (1.16,2.92) 1.08
Ye (2018) _— 1.79(0.39,8.20) 0.10
Overall (l-squared = 24.3%, p = 0.185) 4 1.81(1.72,1.90) 100.00
1
1
T T
5 115

Figure 2 Pooled analysis of OS between SBRT and surgery. OS, overall survival; SBRT, stereotactic body radiotherapy.

Table 2 Pooled analysis of OS between SBRT and surgery in some studies that were restricted to same matching and comparable characteristics.

Matching and comparable basic Study Surgery  SBRT Heterogeneity Meta-analysis results

features number N N 2 (%) P HR (95% Cl) P z
Age/sex/tumour size/stage/CCI/FEV1 5 271 271 20.4 0.285 1.769 (1.223-2.559) 0.002 3.03
Age/sex/tumour size/stage/CCl/ 4 234 234 22.5 0.276 1.650 (1.112-2.447) 0.013 2.49
FEV1/tumour site

Age/sex/tumour size/stage/CCl/ 3 178 178 48.3 0.144 1.623 (0.848-3.106) 0.144 1.46
FEV1/tumour site/pathology

Age/sex/tumour size/stage/CCl/ 2 137 137 0 0.332 1.156 (0.623-2.146) 0.646 0.46

FEV1/tumour site/pathology/WHO
performance score

OS, overall survival; SBRT, stereotactic body radiotherapy; CCl, Charlson Comorbidity Index; FEV1, forced expiratory volume in 1 second.

0.848-3.106; P=0.144); and matched on nine characteristics
(11,20) (HR =1.156; 95% CI, 0.623-2.146; P=0.646). The
sensitivity analysis of studies that were restricted to the
same matched and comparable characteristics showed that
the results were not very stable (Table S3).

Publication bias

A funnel plot was generated for OS to evaluate publication
bias (Figure 7). Egger’s test (P=0.773) indicated that there

was no obvious publication bias.

© Translational Cancer Research. All rights reserved.

Discussion

Lung cancer is the world’s leading cause of cancer-
related death (28). The prevalence of early-stage NSCLC
is expected to increase given the current trends in the
widespread implementation of computed tomography
(CT) screening (7,29). Although lobectomy remains the
treatment of choice for early-stage NSCLC, some patients
with early-stage NSCLC are not considered candidates
for lobar resection because of concomitant severe medical
comorbidities or patient preference. SBRT is a non-invasive
treatment that delivers precisely targeted ablative doses of
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Figure 5 Pooled analysis of LCR, RCR, L-RCR, and DCR between SBRT and surgery. LCR, local control rate; RCR, regional control
rate; L-RCR, loco-regional control rate; DCR, distant control rate; SBRT, stereotactic body radiotherapy.

Figure 6 Pooled analysis of OS between SBRT and lobectomy. OS, overall survival; SBRT, stereotactic body radiotherapy.

radiation using the principles of stereotaxis, rigorous patient radiation therapy for medically inoperable patients with
early-stage NSCLC. SBRT in medically operable patients
was first reported in Japan (30), where higher 3-year rates

of local control (94%) and OS (86%) were documented

immobilization and/or tumour tracking, and modern
radiotherapy treatment planning. SBRT was initially
introduced as an alternative to conventionally fractionated
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Table 3 Pooled analysis of OS between SBRT and lobectomy in some studies that were restricted to the same matching and comparable

characteristics

Matching and comparable basic Study Lobectomy SBRT Heterogeneity Meta-analysis results

features number N N 12 (%) =) HR (95% CI) =) 7
Age/sex/tumour size 5 236 236 43.6 0.131 2.044 (1.150-3.634) 0.015 2.44
Age/sex/tumour size/stage/CCI/FEV1 4 215 215 39 0.178 1.837 (1.068-3.158) 0.028 2.2
Age/sex/tumour size/stage/CCl/ 3 178 178 48.3 0.144 1.623 (0.848-3.106) 0.144 1.46
FEV1/tumour site/pathology

Age/sex/tumour size/stage/CCl/ 2 137 137 0 0.332 1.156 (0.623, 2.146) 0.646 0.46

FEV1/tumour site/pathology/WHO
performance score

OS, overall survival; SBRT, stereotactic body radiotherapy; CCl, Charlson Comorbidity Index; FEV1, forced expiratory volume in 1 second.
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Figure 7 Funnel diagram for OS in the 15 included studies. OS,

overall survival.

in patients refusing surgery. Outcomes from SBRT are
so promising that there are increasing numbers of studies
on the effect of surgery and SBRT for the treatment of
early-stage NSCLC. Three randomized clinical trials were
carried out, but they were all terminated because of poor
accrual (31-33). Retrospective studies have shown that the
survival rate of early-stage NSCLC patients treated with
SBRT may be worse, better, or not different compared with
that of patients treated with surgery (11,17,20).

We included fifteen retrospective studies in this meta-
analysis. The baseline characteristics of patients in the
surgical treatment group were better than those of patients
in the SBRT group; therefore, propensity matching analysis
was used to compensate for significant baseline differences
between the two groups to achieve an objective analysis of
the association between treatment and outcomes. Based on
the pooled analysis of these PSM studies, we found that the
OS of SBRT for stage I/II NSCLC was inferior to that of
surgery (P=0.000), but there were no significant differences

© Translational Cancer Research. All rights reserved.

in LCR (P=0.184), RCR (P=0.517), L-RCR (P=0.830) or
DCR (P=0.341). In addition, the pooled results showed
that surgery yielded lower rates of tumour recurrence or
death (P=0.000), but there was no significant difference
in the rate of absence of tumour recurrence between
surgery and SBRT (P=0.434). This further confirmed that
surgical treatment of NSCLC was associated with a better
survival advantage over SBRT, but there is no difference in
recurrence. It is noteworthy that there was no significant
difference between surgery and SBRT in the CSS (P=0.401),
indicating that patients who undergo SBRT have the same
risk of dying from cancer as those undergoing surgery,
even though the OS is worse than that associated with
surgical treatment. Therefore, compared with surgical
treatment, SBRT patients are unhealthier and die more
often from non-cancer causes. In the study of Eba ez a/. (24),
multivariate analysis of OS showed that age and C/T
ratio had a significant impact on OS. In the study by
Robinson er al. (12), a univariate analysis revealed that
ACE-27, CCI, sex, age and FEV1 had significant effects on
survival, and a multivariate analysis showed that CCI and
age had a significant impact on OS. Research conducted
by Varlotto et al. (16) showed that OS was significantly
correlated with histology, Charlson Comorbidity Index,
tumour size, aspirin use, and SBRT/SABR based on a
univariate analysis, while a multivariate analysis without
propensity score (PS) correction correlated better OS with
surgery, lower Charlson Comorbidity Index score, and
adenocarcinoma histology. After adjusting for propensity
scores, OS correlated only with the Charlson Comorbidity
Index. The study by Ye ez al. (15) showed that COPD
(yes/no), sex (male vs. female), site (central vs. peripheral),
age, tumour size, SUVmax, histology, T status, treatment

Transl Cancer Res 2019;8(4):1381-1394 | http://dx.doi.org/10.21037/tcr.2019.07.41



Translational Cancer Research, Vol 8, No 4 August 2019

(SBRT ws. surgery) and smoking status were related to
OS through the univariate analysis; the multivariate
analysis showed that OS was only correlated with tumour
size and SUVmax. Based on this finding, and although
propensity score matching (PSM) was conducted in each
of the included studies, there were significant differences
in the matching baseline characteristics (Table S1);
therefore, we further analysed OS results according to the
match of the basic characteristics of the patients in each
PSM study. The results are shown in Table 2 and show
that with an increase in matching and comparable basic
characteristics between the SBRT and surgical treatment
groups, the difference in survival between the two groups
gradually decreased, and there was eventually no significant
difference. In addition, a separate meta-analysis of 6
studies that compared lobectomy with SBRT for stage I/11
NSCLC also yielded similar OS results (7zble 3). However,
according to the sensitivity analysis (7zble S3), some of the
above results changed after deleting a study, indicating that
the results were not stable. However, it is worth noting
that the number of studies restricted to the same matching
and comparable characteristics for analysis was small, and
there may be many potential factors affecting the pooled
results, more studies need to be involved in the research
to validate the results in the future. We further conducted
an OS pooled analysis for studies restricted to a single
matching and comparable characteristic (Tables $4,S5). The
results show that the pooled HR based on age, pathology,
FEV1 and especially WHO performance score (P=0.16)
was reduced compared with the pooled HR (1.809) for the
entire study. According to the sensitivity analysis, the pooled
results are relatively stable and credible (Tables $4,55).
Therefore, age, pathology, FEV1 and WHO performance
score may have significant effects on survival. In the current
study, only partial adjustment factors were included in the
PSM; however, some of the unmeasured characteristics may
be confounders that could affect the results of OS. Chang
et al. (9) reported the results of a phase III randomized
clinical study that balanced the basic characteristics of
patients in the surgery and SBRT groups, and the results
showed that SBRT had a survival advantage over surgery.
In view of the above findings, although SBRT is commonly
used to treat medically inoperable patients with early-
stage NSCLC, in patients with stage I/II NSCLC, who
usually choose surgical treatment, and with better baseline
characteristics, such as a better WHO performance score,
higher FEV1 and lower CCI, SBRT may be an effective
alternative treatment and is worthy of further study.

© Translational Cancer Research. All rights reserved.
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Compared with SBRT, surgical treatment of stage 1/11
NSCLC can include the performance of mediastinal lymph
node sampling/dissection, can reveal occult nodal disease,
and then corresponding patients will receive radiotherapy or
chemotherapy to reduce recurrence and distant metastasis.
However, in our meta-analysis, we did not find differences
in LCR, RCR, L-RCR, or DCR between surgery and
SBRT. Several theories have been postulated to explain
this phenomenon, including the possible improvement of
function of the immune system by radiation that is mediated
by T-cell regulation (34,35). The high radiation doses
used in SABR may also have resulted in low-dose spillage
to the regional nodes, possibly eliminating microscopic
disease (36). Surgery-induced oxidative stress may potentiate
tumour growth through the local release of cytokines, and
growth factors may stimulate tumour growth (37).

The present study has some limitations. Most
importantly, this study was based on retrospective trials.
To date, three phase 3 random trials have been initiated to
compare SBRT with surgery in patients with early-stage
NSCLC, but all of them were closed early because of
slow accrual. New randomized trials, such as randomized
phase III studies of sublobar resection (SR) versus SABR
in high-risk patients with stage I NSCLC (STABLe-
mates; CT01622621, formerly American College of
Surgeons Oncology Group Z4099) and SABRTooth
(ISRCTN13029788) (38), are now ongoing, and it is
likely to be several years before the results are reported.
Second, although all the included studies performed
PSM, the matching characteristics of each study were
not the same. In addition, propensity matching, although
technically feasible, is essentially infeasible because
medically inoperable patients who received SBRT have no
true counterpart in the surgery cohort. Third, different
surgical methods and radiation doses may have different
efficacies in the treatment of early NSCLC. Although the
surgical treatments and stereotactic radiotherapy doses
vary among the studies included in this report, the data
provided by each study are limited, making it difficult
to conduct further analysis. Fourth, because the results
of most studies included in our meta-analysis show that
surgery has a significant survival advantage over SBRT,
our findings may have potential bias.

Conclusions

In conclusion, compared with SBRT, surgery was associated
with more favourable survival for stage I/II NSCLC, but
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when increasing numbers of comparable characteristics
between surgery and SBRT were matched, the differences
in survival gradually decreased until they were no longer
significant. There were also no significant differences in
CSS and recurrence (local, regional, or disseminated).
Therefore, SBRT has the potential to be an alternative to
surgical treatment in patients with stage I/II NSCLC, but
these findings need to be confirmed by large-sample, long-
term follow-up randomized clinical studies.
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Supplementary

Appendix 1 Search strategies of all databases
besides PubMed

EMBASE

#1. ‘lung cancer’/exp

#2. “pulmonary neoplasm*”: ti, ab, kw OR “lung neoplasm”:
ti, ab, kw OR “lung cancer*”: ti, ab, kw OR “pulmonary
cancer®”: ti, ab, kw

#3. ‘stereotactic radiotherapy’/exp

#4. “Radiosurgeries”: ti, ab, kw OR “Stereotactic Radiation
Therap*”: ti, ab, kw OR “Stereotactic Radiation*”: ti,
ab, kw OR “Stereotactic Radiosurger*”: ti, ab, kw OR
“Gamma Knife Radiosurger*”: ti, ab, kw OR “Stereotactic
Body Radiotherap*”: ti, ab, kw OR “Linear Accelerator
Radiosurger*”: ti, ab, kw OR “LINAC Radiosurger*”: ti, ab,
kw OR “CyberKnife Radiosurger*”: ti, ab, kw

#5.#1 OR #2

#6.#3 OR #4

#7.#5 AND #6

Cocbrane Library

#1. MeSH descriptor: [Lung Neoplasms] explode all trees
#2. (pulmonary neoplasm*): ti, ab, kw OR (lung neoplasm): ti,
ab, kw OR (lung cancer®): ti, ab, kw OR (pulmonary cancer®):

ti, ab, kw

#3. MeSH descriptor: [Radiosurgery] explode all trees

#4. (Radiosurgeries): ti, ab, kw OR (Stereotactic Radiation
Therap*): ti, ab, kw OR (Stereotactic Radiation*): ti, ab, kw
OR (Stereotactic Radiosurger®): ti, ab, kw OR (Gamma Knife
Radiosurger*): ti, ab, kw OR (Stereotactic Body Radiotherap*):
ti, ab, kw OR (Linear Accelerator Radiosurger®): ti, ab, kw
OR (LINAC Radiosurger*): ti, ab, kw OR (CyberKnife
Radiosurger*): ti, ab, kw

#5.#1 OR #2

#6.#3 OR #4

#7.#5 AND #6

CBM

#1. Pl PR AN AL ]

#2. (M [ T 5 BB RED OR “AR/Nam e " [ 1]
FBUATAE]) OR Ml IR [ FH 7 BL 4 fiE]) OR “SCUE il
T[T B R RED) OR “PifiRe [ F 7 BL R i)

#3. U AR AR ALY ]

#4. ((SLASE [ BURHRTT [ # 7 BL B BE]) OR “SBRT[#
JH 7B RED) OR “SLARGE FTRT [ 7 B 2 B

#5.#1 OR #2

#6. #3 OR #4

#7.#5 AND #6



Table S1 Patient and disease characteristics used for matching in the included studies

Study

Matching characteristics

Ye et al. 2018

Varlotto et al. 2013

Verstegen et al. 2013

Rosen et al. 2016

Robinson et al. 2013

Puri et al. 2012
Puri et al. 2015

Mokhles et al. 2015

Matsuo et al. 2014
Kastelijn et al. 2015

Hamaiji et al. 2015

Eba et al. 2016
Crabtree et al. 2014

Cornwell et al. 2018

Yerokun et al. 2017

Age, male/female, tumour size, clinical staging, pathologic cell type*, tumour location, smoking status,
SUVmax, COPD

NA

Age, male/female, tumour size, clinical staging, CCI, FEV1, pathologic cell type, tumour location, WHO
performance score

Age*, male/female, tumour size, clinical staging, pathologic cell type*, tumour location, grade*, facility type,
race, spanish hispanic origin, primary payer, median income, high school degree, urban/rural, facility location

Age*, male/female, tumour size, clinical staging, CCI*, FEV1*, pathologic cell type, DLCO*, ACE score*, FVC*,
race, SUVmax

Age, male/female*, clinical staging, FEV1*, DLCO*, ACE score

Age, male/female, tumour size, clinical staging, CCl, facility type, race, urban location, income >$35,000/year,
chemotherapy*, median survival*

Age, male/female, tumour size, clinical staging, CCl, FEV1, pathologic cell type, tumour location, hypertension,
WHO performance score

Age, male/female, tumour size, CCl, FEV1, pathologic cell type*, performance status (0:1)
NA

Age, male/female, tumour size, clinical staging, CCI, FEV1, pathologic cell type, tumour location, smoking
status, comorbidities, serum CEA, serum SCC antigen, mortality within 30 days of treatment, follow-up period

Age, male/female, tumour size, C/T ratio

Age, male/female, tumour size, clinical staging, CCI, FEV1, tumour location, hypertension, smoking status,
race, weight (Ib), DLCO*

Age, male/female, tumour size, clinical staging, CCI, FEV1, pathologic cell type, hypertension, smoking status,
mediastinal staging via EBUS*

Age, male/female, tumour size, CCl, pathologic cell type, tumour location, facility type, insurance status,
distance to hospital

*, the characteristics have significant differences between SBRT and surgery (P<0.05). NA, not applicable; FEV1, forced expiratory volume
in one second; CEA, carcinoembryonic antigen; DLCO, diffusing capacity of lung for carbon monoxide; ACE, adult comorbidity evaluation;
FVC, forced vital capacity; SUVmax, maximum standardized uptake value; CCIl, Charlson Comorbidity Index; SCC, squamous cell

carcinoma.



Table S2 The results of the sensitivity analysis Table S2 (continued)

Study omitted hr ul I Study omitted hr ul I

oS LRC
Yerokun 1.8400707  1.7465854  1.9385599 Robinson 2.8066239  0.55206022 14.245398
Eba 18073877 1.7228516  1.8960718 Hamaji 1.4087356  0.96393794  2.05878
Kastelijn 18094635 1.7246432  1.8984553 Crabtree 3.5956235  0.5200488  24.860184
Verstegen 18136526 1.7286876  1.9027938 Combined 22168428  0.68552249  7.1688269
Cornwell 1.8069048  1.7223189  1.8956448 RCR
Crabtree 1.8104978  1.7254543  1.8997327 Crabiree 1 28017 008629088 5.70437
Hamayj 18056992 1.7210512 1.8945105 Hamaji 1.0520202  0.55643898  1.9889807
Matsuo 18142195 1.7289299  1.9037163 Robinson 15083785  0.81575012  2.7890964
Mokhles 1.8091191  1.724434 1.897963 Combined 1.2287541  0.65902543  2.2910143
Puri 17940363  1.6668215  1.9309602 LRCR
Puri 18213148 1.7353703  1.9115158 Kastelijn 0.90567803  0.28358454  2.8924453
Robinson 1.8073045  1.722218 1.8965948 Verstegen 1 754505 088367951  5.4827980
Rosen 1.7663994  1.6751817  1.862584 Mokhles 0.93215638  0.26229578  3.3127315
Varlotto 1.8086122  1.7235931  1.8978251 e 10030768 0.28603643  3.5065713
ve 1.808966 1.7243375 18977481 Combined 11059231  0.44077615  2.7748005
Combined 1.8089472  1.7243604  1.8976834 oCR

css Kastelijn 1.3352301  0.68837976  2.5899065
Cornwell 1.3648237 044740593 4.1634312 Verstegen 15862026  0.90612304  2.7767076
Hamayj 0.91862035  0.49507394  1.7045199 Crabtree 1.4209255  0.66007811  3.0587735
Puri 21175666 078394288 5.7199168 Hamaji 1.0237905  0.73714757  1.4218956
Robinson 1.79502 0.43099326  7.1465039 Mokhles 1.3104142  0.67754769  2.5344126
Combined 14895626 0.58800853  3.7734091 Robinson 13211111 0.64130294  2.7215447

RFS and DFS Combined 1.3150553  0.7484743  2.3105276
Hamaii 2.0039792  1.3983246  2.8719602 Lobectomy vs. SBRT 08
Crabtree 2.408608 1.6349978  3.5482571 Verstegen 00371864 18075077  2.0700007
Kastelijn 25226545 17660397  3.6034217 Roson 90443203 11500062 56338234
Cornwell 21214278 1.5168952  2.9668865 Mokhles 2.0352147  1.3764541  3.0092535
Combined 22454038  1.6462356  3.0626468 Hamai 18950923 12384275 29027023

RFS Eba 1.9469334  1.4940101  2.5371647
Verstegen 0.99619269  0.5796833  1.7119689 Cormwel 10151517 18214743 27755408
Mokhles 0.71148819  0.23445702 2159097 Combined 1.9953141  1.452325 2.7413137
Ye 0.55184406  0.26303679  1.1577539

hr, hazard ratio; ul, upper CI limit; Il, lower CI limit; OS, overall
Varlotto 0.73461908 0.23294972 2.3166597 survival; CSS, cause-specific survival; FFP, freedom from
progression; RFS, recurrence-free survival; DFS, disease-free

Combined 0.73248023 0.33585692 1.5974877 survival; LCR, local control rate; RCR, regional control rate;

‘Table S2 (continued) L-RCR, loco-regional control rate; DCR, distant control rate;
SABR, stereotactic ablation radiotherapy.



Table S3 The results of sensitivity analysis for some studies that
were restricted to the same matching and comparable characteristics

Table S3 (continued)

Study omitted

hr

ul

SBRT vs. surgery

Age/sex/tumour size/stage/CCI/FEVA

Cornwell
Crabtree
Hamaji
Mokhles
Verstegen

Combined

Age/sex/tumour size/stage/CCI/FEV1/tumour site

Crabtree
Hamaji
Mokhles
Verstegen

Combined

1.6495802
1.8368011
1.579457
1.782833
2.0083621
1.7689382

1.6228749
1.4343506
1.6216862
1.9035183
1.6495802

1.1118855
1.0681913
1.0551697
1.1317002
1.4169319
1.2226687

0.84796333
0.97291517
0.9721716
1.3119954
1.1118855

2.4472978
3.1584585
2.3642497
2.8086004
2.8466566
2.5592725

3.1059396
2.1146364
2.7051458
2.7617338
2.4472977

Age/sex/tumour size/stage/CCI/FEV1/tumour site/pathology

Hamaji
Mokhles
Verstegen

Combined

1.1559277
1.5628695
2.27895

1.6228749

0.62260908
0.57187903
1.3025346

0.84796335

2.1460795
4.2711153
3.9873126
3.1059396

Age/sex/tumour size/stage/CCI/FEV1/tumour site/pathology/
WHO performance score

Verstegen
Mokhles

Combined

1.732
0.917
1.1559276

0.62119561
0.42207512
0.62260911

4.8291135
1.9922732
2.1460795

Study omitted hr Il ul
SBRT vs. lobectomy
Age/sex/tumour size
Verstegen 2.5995011 1.6162257 4.1809793
Mokhles 2.1960237 1.0460625 4.6101642
Hamaji 1.9456136 0.8923775 4.2419405
Eba 1.8368011 1.0681913 3.1584585
Cornwell 1.8996218 0.93906474  3.8427203
Combined 2.0443205 1.1500961 3.6338233
Age/sex/tumour size/stage/CCI/FEV1
Verstegen 2.4252729 1.4882857 3.9521639
Mokhles 1.8709387 0.90483546  3.8685613
Hamaji 1.5760972 0.78540981 3.1627851
Cornwell 1.6228749 0.84796333  3.1059396
Combined 1.836801 1.0681913 3.1584586

Age/sex/tumour size/stage/CCI/FEV1/tumour site/pathology

Verstegen
Mokhles
Hamaiji

Combined

2.27895

1.5628695
1.1559277
1.6228749

1.3025346

0.57187903
0.62260908
0.84796335

3.9873126
4.27111583
2.1460795
3.1059396

Age/sex/tumoursize/stage/CCI/FEV1/tumour site/pathology/
WHO performance score

Verstegen
Mokhles

Combined

1.732
0.917
1.1559276

0.62119561
0.42207512
0.62260911

4.8291135
1.9922732
2.1460795

Table S3 (continued)

hr, hazard ratio; ul, upper ClI limit; Il, lower CI limit; CCl, Charlson
Comorbidity Index; FEV1, forced expiratory volume in one

second.



Table S4 Pooled analysis of OS between SBRT and surgery in some studies that were matched and comparable with respect to a single

characteristic
Heterogeneity Meta-analysis results
Matched and comparable Study number
& P HR 95% Cl P z

Age 11 28.90% 0.17 1.685 (1.502-1.892) 0.000 8.87
Sex 12 23.30% 0.215 1.814 (1.672-1.968) 0.000 14.33
Tumour size 12 23.30% 0.215 1.814 (1.672-1.968) 0.000 14.33
Tumour site 7 38.30% 0.137 1.793 (1.542-2.084) 0.000 7.59
Pathology 7 4.20% 0.394 1.665 (1.494-1.856) 0.000 9.21
FEV1 6 12.50% 0.335 1.630 (1.255-2.117) 0.000 3.66
CClI 8 13.80% 0.322 1.775 (1.681-1.875) 0.000 20.56
WHO performance score 3 0 0.56 1.302 (0.901-1.882) 0.16 1.41
Stage 10 25.60% 0.207 1.831 (1.653-2.027) 0.000 11.64

OS, overall survival; SBRT, stereotactic body radiotherapy; CCl, Charlson Comorbidity Index; FEV1, forced expiratory volume in one
second.



Table S5 Sensitivity analysis for OS between SBRT and surgery in
some studies that matched and compared a single characteristic

Table S5 (continued)

t itt h 1l I
Study omitted hr I ul Study omitted r u

Tumour size/sex
WHO performance score

Matsuo 1550277 062260808 21450795 Yerokun 1.8682752  1.7224461  2.0264506
Mokhles 12482964  0.84137028  1.8520312 Eba 18133087 1.6874046  1.948607
Verstegen 1.4418236  0.94897151  2.1906402 Verstegen 1.827387 1.7110267  1.9516605
Combined 302361 0.90105604  1.8817441 Cornwell 1.8080132  1.6648475  1.9634902
CClI Crabtree 1.8175399 1.663331 1.9860457
Verstegen 17811882  1.6861216  1.8816148 Hamaji 18048924 1.6622403  1.9597869
ouri 6464717 1475185 | 837647 Matsuo 1.8280365  1.6869751  1.982844
Mokhles 17331141 1.5635493  1.9210681 Mokhles 18129864 1.6601011  1.9799514
Vatsuo 01522 16143737 19169145 Puri 17996904  1.5719037  2.0604858
Hamai 768838 15980154 1.8878198 Robinson 1.8072671  1.6516297  1.9775708
Crabtree 17366304  1.5642656  1.9279879 Rosen 1.7636899  1.6402458  1.8964244
Cornwell 17380165  1.5049125  1.8939604 ve 18124709 1.6599579  1.9789964
Verokun — 587473 5 0025289 Combined 1.8141657  1.6722329  1.9681452
Combined 1.744878 1.6019877  1.9005136 Age
- Yerokun 16628933  1.3799418  2.0038629
Verstegen 1.754642 13204036 2.3150022 Eba 16912272 1.5269233  1.8782109
Mokhles 1.6232841 19388787 2 1269646 Verstegen 1.7187033 1.5561492 1.8982375
Mateuo 7603524 12806404 24197586 Cornwell 16729795  1.4894521  1.8791207
Crabiros 6226661 11038670 22054745 Crabtree 16797321 1.4780302  1.9089595
Cornwell 15605381  1.1904382  2.0456996 Hamaji 1.666374 14838452 1.8713567
Hamai 5022434 11308502 1.9956085 Matsuo 17038975  1.5108503  1.9216111
Combined 6301331 12552573 21169636 Mokhles 16779509  1.4815413  1.9003987
Pathology Puri 15047312 1.3600457  1.8686769
Verstegen 1.6849387  1.5009949  1.880151 Puri 1.7457726  1.5927151  1.9135388
Robinson 16445134  1.3653029  1.9808236 ve 16781578 - 1.4827392  1.8993316
Vokhies 844364 14025178 2.0230231 Combined 16854631  1.5018507  1.8915234
Matsuo 17211684  1.4475336  2.0465208 Stage
Hamai 1 545655 L arar20e 18370256 Verstegen 1.8585182  1.7230624  2.0046227
Cornwell 1.6536372  1.4825866  1.8444222 Cornwell 18199849 1.6401489  2.0195391
Verokun 1+ 730846 13010578 2.3026062 Crabtree 1.8321621  1.6365567  2.0511467
Combined 16711456 14659635  1.905046 Hamaji 1.8151941  1.6352527  2.0149362
Tumour site Mokhles 1.8243045  1.6318126  2.0395031
ve arrass 15173078 21063612 Puri 17718397  1.4668602  2.1402283
Rosen 1.6519463  1.4746035  1.8506172 Pur 18623133 1.7650927  1.9648887
Verstegen | B4gs2 16249082 2.0719573 Robinson 1.8146738  1.6156299  2.0382395
Mokhles 17890148  1.5162021  2.1109152 Rosen 1.7402323  1.5199064  1.992497
Hamaji 1.760498 15058082  2.0582657 e 18234518 1.631714r 2.037719
Crabtree 1.8011726  1.5160294  2.1399472 Combined 1.830589 1.653334 2.0268475
hr, hazard ratio; ul, upper CI limit; I, lower CI limit; OS, overall
Yerokun 1.9698706 1.7690516 2.1934862 survival; SBRT, stereotactic body radiotherapy; CCl, Charlson
Combined 1.7928256 1.5420132 2.0844334 Comorbidity Index; FEV1, forced expiratory volume in one

second.
Table S5 (continued)



