
ORIGINAL RESEARCH

Adverse Events Following Limited Resection versus Stereotactic
Body Radiation Therapy for Early Stage Lung Cancer
Qian Wang1, Kimberly Stone2, Jeffrey A. Kern3, Christopher G. Slatore4,5,6,7, Scott Swanson8, William Blackstock, Jr.9,
Rabia Saeed Khan2, Cardinale B. Smith1, Rajwanth R. Veluswamy1, Mark Chidel10, and Juan P. Wisnivesky2,11

1Tisch Cancer Institute, 2Division of General Internal Medicine, and 11Division of Pulmonary and Critical CareMedicine, Icahn School of
Medicine at Mount Sinai, New York, New York; 3Division of Oncology, National Jewish Health, Denver, Colorado; 4Center to Improve
Veteran Involvement in Care and 7Section of Pulmonary and Critical Care Medicine, VA Portland Health Care System, Portland,
Oregon; 5Division of Pulmonary and Critical CareMedicine, Department of Medicine, and 6Department of Radiation Medicine, Knight
Cancer Institute, Oregon Health and Science University, Portland, Oregon; 8Department of Thoracic Surgery, Brigham andWomen’s
Hospital, Boston, Massachusetts; 9Department of Radiology, Wake Forest Baptist Medical Center, Winston Salem, North Carolina; and
10Department of Radiation Oncology, Colorado Permanente Medical Group, Denver, Colorado

ORCID ID: 0000-0002-1201-865X (Q.W.).

Abstract

Rationale: Approximately a quarter of patients with early stage
lung cancer are not medically fit for lobectomy. Limited resection
and stereotactic body radiation therapy (SBRT) have emerged as
alternatives for these patients. Given the equipoise on the
effectiveness of the two treatments, treatment-related adverse
events (AEs) could have a significant impact on patients’
decision-making and treatment outcomes.

Objectives: To compare the AE profile between SBRT versus
limited resection.

Methods: Data were derived from a prospective cohort of patients
with stage I-IIA non-small cell lung cancer who were deemed as
high-risk for lobectomy recruited from five centers across the
United States. Propensity scores and inverse probability weighting
were used to compare the rates of 30- and 90-day AEs among
patients treated with limited resection versus SBRT.

Results: Overall, 65% of 252 patients underwent SBRT. After
adjusting for propensity scores, there was no significant
difference in developing at least one AE comparing SBRT to

limited resection (odds ratio [OR]: 1.00; 95% confidence interval
[CI]: 0.65–1.55 and OR: 1.27; 95% CI: 0.84–1.91 at 30 and
90 days, respectively). SBRT was associated with lower risk of
infectious AEs than limited resection at 30 days (OR: 0.05;
95% CI: 0.01–0.39) and 90 days posttreatment (OR: 0.41; 95% CI:
0.17–0.98). Additionally, SBRT was associated with persistently
elevated risk of fatigue (OR: 2.47; 95% CI: 1.34–4.54 at 30 days
and OR: 2.69; 95% CI: 1.52–4.77 at 90 days, respectively), but
significantly lower risks of respiratory AEs (OR: 0.36; 95% CI:
0.20–0.65 and OR: 0.51; 95% CI: 0.31–0.86 at 30 and 90 days,
respectively).

Conclusions: Though equivalent in developing at least one AE,
we found that SBRT is associated with less toxicity than limited
resection in terms of infectious and respiratory AEs but higher rates
of fatigue that persisted up to 3 months posttreatment. This
information, combined with data about oncologic effectiveness, can
help patients’ decision-making regarding these alternative therapies.
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While approximately half of lung cancers are
at an advanced stage on diagnosis, the
number of patients with early stage disease is
growing with the implementation of low-dose
chest computed tomography screening (1).
Surgery with an anatomic lobar resection
(i.e., lobectomy) via open or video-assisted
thoracoscopic surgery is the standard of care
for medically and physiologically fit patients
with stage I-IIA non-small cell lung cancer
(NSCLC). However, lung cancer is
predominantly a disease of the elderly, with a
mean age at diagnosis of 71 years, and patients
frequently have other smoking-related
comorbidities such as cardiovascular disease
or chronic obstructive pulmonary disease
(COPD) (2). As a result, approximately 25%
of early stage lung cancer patients are
determined to be not medically fit for
lobectomy (3). These patients often have
borderline lung function, multiple
comorbidities, limited functional status, or are
frail; and all of which are considered high-risk
conditions for full lobectomy (4, 5).

Limited resection, segmentectomy or
wedge resection, and stereotactic body
radiation therapy (SBRT) are alternative
treatment options for early stage NSCLC
patients at high-risk for lobectomy (4, 6, 7).
Wedge resection is nonanatomic surgery
consisting of the removal of lung tumor with
a surrounding margin of normal lung
parenchyma. Technically more challenging,
segmentectomy involves the anatomic
removal of a complete lung segment (8).
These limited surgical approaches for lung
resection currently represent approximately
30% of all surgeries for stage I NSCLC (4, 6).
Although not as effective as lobectomy (9),
limited resection is associated with relatively
good 5-year survival rates (8).

SBRT has emerged as a noninvasive
alternative to limited resection for stage I
lung cancer (7). In single arm phase I and II
trials, (10–12) SBRT has been shown to
provide 3-year survival rates between 50%
and 70%, similar to outcomes achieved with
limited resection (10, 11). However, there is
no data comparing the oncologic outcomes
of SBRT versus surgery from well-powered,
randomized controlled trials (RCT) (13–15).
While a meta-analysis of two RCTs (STARS
and ROSEL) showed that SBRT led to better

survival than lobectomy, the sample size was
very small (n=58) and the included trials
were discontinued before follow-up was
completed due to lack of recruitment (15, 16).
Furthermore, systematic reviews of
observational studies comparing limited
resection to SBRT for early stage lung cancer
have shownmixed results (13, 14, 17–23).
As a consequence, there is currently no clear
guidance in terms of oncologic outcomes
defining the best treatment approach for
early stage NSCLC patients who are at
high-risk for lobectomy.

Besides the oncological outcomes,
treatment-related adverse events (AEs) are
important patient-centered outcomes that
may be highly relevant in the case of
equipoise between therapeutic approaches.
Both limited resection and SBRT are
potentially associated with major AEs (24).
However, AE data from well-matched
patients with early stage lung cancer treated
with limited resection or SBRT are limited.
In this study, we used data from a well-
characterized, prospective cohort to compare
the rate of 30- and 90-day AEs in patients
with early stage NSCLC treated with limited
resection versus SBRT.

Material and Methods

Study Participants
The study cohort was enrolled in a
prospective observational trial recruited from
five sites across the United States, including
New York City, New York (Mount Sinai
Health System), Portland, Oregon, (Oregon
Health and Science University/Veterans
Affairs Portland Health Care System),
Boston, Massachusetts (Brigham and
Women’s Hospital and Dana Farber Cancer
Institute), Denver, Colorado, (National
Jewish Health and St. Joseph’s Hospital), and
Wake Forest, North Carolina, (Wake Forest
Baptist Health) from September 2016 to
May 2021. The study was approved by the
Institutional Review Board of all participant
institutions and all patients signed informed
consent. The study methods were compliant
with the STROBE checklist for cohort study.
English- or Spanish-speaking patients who
were potential candidates for limited

resection and SBRT were eligible to
participate in the study if they: 1) had
primary stage IA, IB, or IIA NSCLC with
tumor size< 5 cm and no lymph node
involvement based on information available
prior to curative-intent therapy; 2) were
high-risk for lobectomy based on the
assessment of the treating provider (e.g.,
thoracic surgeon, radiation oncologist, etc.);
and 3) ability to be contacted for longitudinal
follow-up. Patients with 1) severe cognitive
impairment or dementia; 2) history of prior
radiation to the lung; and 3) prior history of
cancer within the last 5 years (except for
non-melanoma skin cancer) were excluded
from the study.

Study Measures
In person and/or virtual (during the
COVID-19 pandemic) interviews were used
to collect information regarding
sociodemographic features including age,
sex, race, ethnicity, education, income, and
insurance status. Tobacco use, including
smoking status and pack-years of smoking,
was obtained by self-report. A self-reported
comorbidity profile was also collected on
study entry including any history of COPD,
hypertension, hypercholesterolemia,
cardiovascular disease (CVD, including
myocardial infarction [MI], coronary artery
disease, valvular heart disease, atrial
fibrillation, peripheral vascular disease)
diabetes, and kidney disease. Body mass
index (BMI, m/kg2) was calculated based on
measurements of height and weight.
Symptoms of depression and anxiety were
assessed with the Patient Health
Questionnaire for Depression and Anxiety
(PHQ-4) (25) and the 15-item short form
of the Geriatric Depression Scale (GDS-15)
(26). The 4-item cognitive function
(Mini-Cog) Test was used to assess cognitive
domains including memory, language
comprehension, visual-motor skills and
executive function (27). The 5-itemMedical
Research Council (MRC) dyspnea scale was
used for grading the impact of breathlessness
on daily activities (28). Pre-treatment
pulmonary function including the forced
expiratory volume in one second (FEV1)
and the FEV1 to forced vital capacity ratio
(FEV1/FVC) were measured by spirometry
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or obtained from review of the electronic
medical record (EMR). Performance status
and self-care capability was evaluated using
the Eastern Cooperative Oncology Group
(ECOG) score (range 0–5) (29). Additionally,
the 6-item Patient-reported Outcomes
Measurement Information System
(PROMIS) scale was used to measure
physical functional status (30). Health-
related quality-of-life was self-reported using
the 8-item Short-Form Survey (SF-8) (31)
and the lung-cancer specific Functional
Assessment of Cancer Therapy-Lung
(FACT-L) scale (32).

Diagnostic, staging and pretreatment
workup including chest tomography,
bronchoscopy, fine needle aspiration,
endoscopic ultrasound, positron emission
tomography, ventilation/perfusion scan, and
cardiac testing were abstracted from the
EMR using a standardized instrument. We
recorded tumor histology (adenocarcinoma,
squamous cell carcinoma, and other), size,
and pretreatment clinical stage (IA, IB, and
IIA) according to the American Joint
Committee on Cancer eighth edition
criteria based on review of the EMR.
Treatment plans (i.e., therapeutic intention)
were obtained by interviewing treating
physicians about each case and
complemented by EMR review of
pretreatment notes.

Participants were followed at 30 and
90 days to obtain information about AEs
using the Common Terminology Criteria
for Treatment-related AE (version 4.0)
which includes classification of severity
(grade 1 to 5) and causality (related or
no-treatment related) (33). These data were
supplemented by review of the EMR. AEs
were classified as: 1) constitutional
(fatigue); 2) cardiovascular (MI, atrial
fibrillation, ventricular arrythmia, transient
ischemic attack, cerebrovascular accident
and venous thromboembolism [VTE]);
3) respiratory (dyspnea, bronchospasm,
atelectasis, pleural effusion, pneumonitis,
hemoptysis, pneumothorax, bronchopleural
fistula, postoperative thoracic procedure
complication, acute respiratory distress
syndrome, and respiratory failure);
4) gastrointestinal (esophagitis);
5) musculoskeletal (chest wall pain, rib
pain, and rib fracture); 6) cutaneous
(rash and skin burn); 7) infectious (urinary
tract infection and other infections);
8) hematological (including anemia
requiring transfusion); 9) neurological
(brachial plexopathy and other neurological

events); and 10) other (e.g., weight loss,
sleeping disturbance, discomfort, etc.).

Statistical Analysis
Baseline characteristics of patients treated
with limited resection versus SBRT were
compared using a t test, Wilcoxon test or
chi-square test for continuous and
categorical variables, as appropriate.
Unadjusted cumulative rates of AEs
occurring within 30 and 90 days of
treatment initiation in patients that
underwent SBRT versus limited resection
were compared using the chi-square test.

We used propensity scores methods to
adjust for differences in the baseline
characteristics of early stage NSCLC patients
treated with SBRT versus limited resection.
We first fitted a logistic regression model
predicting treatment type conditional on
sociodemographic characteristics, smoking
history, baseline comorbidity profile, BMI,
psychiatric assessment (PHQ4 and GDS
scores), Mini-Cog test, patient-reported
respiratory symptoms (MRC scale),
pulmonary function test (FEV1 and FEV1/
FVC ratio), quality of life (PROMIS, SF-8
and FACT-L scores), and pretreatment lung
cancer characteristics (clinical stage and
tumor size). Using this model, we calculated
weights representing the inverse of the
probability of receiving limited resection or
SBRT based on the final therapeutic plans of
the treating team. Then we used logistic
regression with the calculated inverse
probability weightings to compare rates of
AEs among patients treated with limited
resection versus SBRT.We used multiple
imputation (procMI with 10 imputations)
approaches to address missing data.

Sample size calculations showed that with
a cohort of 250 patients, the study had.80%
power to identify a 12% absolute difference in
the rates of AE following limited resection
versus SBRT. All analyses were conducted with
SAS statistical software version 9.4 (SAS
Institute) and using two-sided P values.

Results

A total of 509 patients considered for limited
resection (79% video assisted thoracoscopic
resection and 10% robotic assisted surgery)
or SBRT were approached for participation
in the study. A total of 122 (24%) declined
participation. A total of 387 patients with
lung cancer consented to study participation.
Of these, 2 (,1%) withdrew before

treatment initiation and 47 (12%) were
excluded because they underwent a
treatment other than limited resection or
SBRT. Of the 338 participants in the study
cohort, 252 (75%) reached the relevant
assessments at the time of these analyses and
were included in the study.

Overall, 88 (35%) of participants
underwent limited resection while 164 (65%)
received SBRT. Baseline characteristics
according to treatment are shown in Table 1.
Compared with patients who underwent
limited resection, those who were treated
with SBRT were older (P, 0.0001), more
likely to beWhite (P, 0.0001), less likely to
have an advanced education degree
(P=0.04), and less likely to have private
insurance (P, 0.0001). Physiologically,
patients treated with SBRT were more likely
to have COPD (P, 0.0001), hypertension
(P=0.04), CVD (P, 0.01); and lower FEV1

value (P, 0.0001), lower FEV1/FVC ratio
(P, 0.0001), and an ECOG score of>1
(P, 0.0001) than patients treated with
surgery. Functionally, and from a quality-of-
life standpoint, patients treated with SBRT
reported a higher GDS score (P=0.01), a
lower Mini-Cog score (P=0.03), a higher
MRC score (P, 0.001), a lower PROMIS
T-score (P, 0.0001), lower SF-8 score
(P, 0.0001) and FACT-L scores
(P, 0.0001). Finally, patients who were
treated with SBRT were less likely to have
stage IA lung cancer (P, 0.001).

Overall, unadjusted analyses (Table 2)
showed that there were no significant
differences in the proportion of patients
treated with SBRT versus limited resection
that developed at least one AE (25.6% versus
29.6%, P=0.50) 30 days posttreatment. Most
30-day AEs after SBRT (85.8%) and limited
resection (88.5%) were mild (grades I and II).
However, the number of patients with grade
III/IV respiratory AEs was low in both the
SBRT and surgical groups (2 [1.2%] versus 1
[1.1%]. However, one patient in the surgical
group died within 30 days of surgery. The
most common 30-day AEs for both groups
were respiratory (70% dyspnea, 22%
atelectasis, 13% pneumothorax, and 11%
pleural effusions), with a higher risk found
among those who underwent limited
resection (58.3% versus 41.7% for SBRT,
P=0.002). In addition, patients that
underwent limited resection were more likely
to develop infectious AE than SBRT-treated
patients (8.0% versus 0.6%, P=0.003), and
fatigue was more frequently reported in
patients who had SBRT than limited
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resection (17.7% versus 8.0%, P=0.04).
No statistically significant difference in the
30-day rate of neurological, cardiovascular,
cutaneous, gastrointestinal, hematological or
musculoskeletal AEs were found between the
treatment modalities (P. 0.05 for all
comparisons).

Similarly, there was no significant
difference in the proportion of patients
treated with SBRT versus limited resection
that developed at least one AE at 90 days post
treatment (34.2% versus 34.1%, P=0.99).
The proportion of grade I and II AEs were
89.3% for SBRT and 90.0% for surgery.
Respiratory complications remained the
most common 90-day AE for both
procedures and were more common among

patients treated with limited resection than
SBRT (53.3% versus 46.7%, P 0.004). The
number of severe respiratory AEs at 90-days
was low in both groups (3 [1.8%] versus 1
[1.1%] in the SBRT and surgical group,
respectively). Prevalence of fatigue remained
higher at 90 days among patients who
underwent SBRT than limited resection
(21.3% versus 9.1%, P=0.01). There were no
statistically significant differences in the rates
of infectious AEs between SBRT and limited
resection (4.3% versus 8.0%, P = 0.25).
Limited resection was again associated with a
higher risk of 90-day cardiovascular
complications than SBRT (4.6% versus 0.6%,
P=0.05). No significant 90-day differences
were observed in neurological, cutaneous,

gastrointestinal, hematological, or
musculoskeletal AEs between SBRT versus
limited resection(P. 0.05 for all
comparisons). Most AEs at 390 days
posttreatment in both arms were also not
severe (grades I and II).

In propensity scored adjusted analyses
(Table 3), at 30 days, there were no
statistically significant differences in the odds
of experiencing at least one AE (OR, 1.00;
95% CI, 0.65–1.55) when comparing SBRT
to limited resection. When stratified by
organ system, patients treated with SBRT
had 2.47 greater odds of developing fatigue
(OR, 2.47; 95% CI, 1.34–4.54) than those
who underwent limited resection. In
addition, patients treated with SBRT were at
lower risk of developing infectious (OR, 0.05;
95% CI, 0.01–0.39) and respiratory
complications (OR, 0.36; 95% CI, 0.20–0.65)
than those treated with limited resection.

Similarly, at 90 days there were no
statistically significant differences in the risk
of developing at least one AE (OR, 1.27; 95%
CI, 0.84–1.91). Compared with patients who
underwent limited resection, patients treated
with SBRT had higher odds of developing
fatigue (OR, 2.69; 95% CI, 1.52–4.77) but
lower odds of respiratory (OR, 0.51; 95% CI,
0.31–0.86) AEs. Patients who underwent
SBRT remained at lower risk of developing
infectious AEs than patients treated with
limited resection (OR, 0.41; 95% CI,
0.17–0.98). No differences were found in
the adjusted risk of cardiovascular or
musculoskeletal 90-day AEs. We were not
able to compare the adjusted risk of
neurological, cutaneous, gastrointestinal,
and hematological AEs due to the overall
low rates of these complications.

Discussion

Limited resection and SBRT are the main
treatment options for patients with early
stage lung cancer who are not good
candidates for lobectomy. In this prospective
cohort of patients with stage I-IIA NSCLC,
we found that SBRT and limited resection
were associated with similar risks of
developing at least one AE at the 30-day and
90-day landmarks. When stratifying AEs by
organ system, SBRT was associated with a
higher risk of fatigue; whereas the risks of
respiratory complications were significantly
higher among patients treated with limited
resection. Limited resection was associated
with higher risk of 30-day infectious AEs

Table 1. Baseline characteristics of study patients treated with stereotactic body
radiation therapy versus limited resection*

Characteristic
SBRT Limited Resection
N=164 N=88

Age, years, mean (SD) 74.3 (7.6) 69.7 (8.3)
Female, No. (%) 82 (50.0) 50 (56.8)
Race/ethnicity, No. (%)
White 141 (86.0) 57 (64.8)
Black 15 (9.2) 12 (13.6)
Hispanic 3 (1.8) 15 (17.1)
Other 5 (3.1) 4 (4.6)

Education, No. (%)
High school or below 51 (31.1) 31 (35.2)
Some college 38 (23.2) 11 (12.5)
Completed college 44 (26.8) 23 (26.1)
Advanced degree 17 (10.4) 19 (21.6)

Annual income, No. (%)
,$50,000 80 (48.8) 37 (42.1)

Insurance, No. (%)
Private 45 (27.4) 49 (55.7)
Medicare 52 (31.7) 28 (31.8)
Medicaid 5 (3.1) 2 (2.3)
Other 47 (28.7) 6 (6.8)
Missing 15 (9.2) 3 (3.4)

Smoking status, No. (%)
Current 29 (17.7) 12 (13.6)
Pack-years, mean, SD 43.5 (31.0) 47.0 (70.3)

Comorbidities, No. (%)
COPD 105 (64.0) 27 (30.7)
Hypertension 100 (60.1) 43 (48.9)
High cholesterol 71 (43.3) 49 (55.7)
Cardiovascular disease 94 (57.3) 33 (37.5)
Diabetes 36 (22.0) 16 (18.2)
Chronic kidney disease 13 (7.9) 5 (5.7)
BMI, kg/m2, mean (SD) 26.9 (6.0) 28.6 (6.7)

Characteristic SBRT Limited Resection

PHQ-4, median, IQR† 2 (1–4) 2 (0–4)
GDS, median, IQR‡ 7 (6–8) 6 (5–7)
Mini Cog, median, IQR§ 3 (1) 5 (1)
MRC scale, median, IQRjj 2 (1–3) 1 (1–3)
FEV1% predicted, mean, SD 64.9 (25.4) 85 (24.8)

(Continued)
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than SBRT, but such difference was less
pronounced at 90 days. These data suggest
that while common, most AEs following
these treatments are not severe. This
information can facilitate patient-provider
discussions regarding patient preferences for
these procedures.

There is currently equipoise in terms of
oncologic outcomes for treating patients who
are not candidates for lobectomy due to the
lack of RCT results comparing alternative
therapies. AEs may play an important role in
selecting the treatment of patients with stage
I-IIA NSCLC who are at high risk for

treatment-related complications. Data
regarding AEs from randomized trials
comparing SBRT to surgery are limited.
Pooled analysis of the STARS and ROSEL
trials (15) examined grade 3 or higher severe
acute and chronic AEs in patients with
adequate performance status randomized to
SBRT (n=31) versus anatomic lobectomy
(n=27). During a median follow-up of 35 to
40 months, 3 (10%) patients in the SBRT
group versus 13 (48%) patients in the surgery
group had severe AEs, including 1 death in
the surgery group. Previous meta-analyses of
observational studies (13, 14, 18, 20, 22, 23)

focused on comparing survival outcomes
between SBRT versus surgery with only a few
reporting AEs (17, 19). In a meta-analysis by
Cao and colleagues that included 23 studies
(19), the most common 30-day AEs after
SBRT were fatigue (0–27%), radiation
pneumonitis (1–20%), chest pain (0–11%),
and rib fractures (0–12%), whereas air leak
(0–12%), pneumonia (0–13%), cardiac
arrhythmia (0–12%), andMI (0–2%) were
more common after surgery (including
lobectomy and limited resection).
Periprocedural mortality was 0% for SBRT
but up to 8% postsurgery in the studies
included in the meta-analysis. A more recent
meta-analysis of cohort studies reported
similar 30-day and 90-day mortality between
SBRT versus sublobar resections (17).
Althoughmeta-analyses summarized the
available literature, the heterogeneity in study
design, patient population, and surgical
techniques, including lobectomy, limited the
validity of the AE pooled estimates (17, 19).
In this study, we evaluated AEs at two time
points after limited resection or SBRT in a
well-characterized cohort of patients that
underwent a standardized evaluation before
treatment. We found that most AEs were not
severe, with the exception of the death of a
patient due to cardiomyopathy at Day 27
post limited resection. Additionally, patients
treated with limited resection were at
increased risk of pulmonary and
cardiovascular AEs. Our results add to the
existing literature by providing adjusted
estimates controlling for several predictors
that are not usually collected in observational
studies and that may confound the
relationship between procedure type and risk
of AEs.

Constitutional AE
Fatigue is a complex symptom that is usually
multifactorial in patients with cancer and is
closely related to anxiety, depression,
respiratory symptoms, and functional status
(34). In an earlier study measuring quality of
life after curative radiotherapy in patients
with stage I NSCLC (n=46), the frequency
of fatigue was as high as 80% pretreatment
with a gradual increase in severity over the
2 weeks following radiation therapy (35).
While surgery, in general, is associated with a
greater symptom burden than radiation
therapy, large studies providing quantitative
analyses of the prevalence of fatigue in the
early postoperatively period in patients with
stage I-II lung cancer are lacking. One single-
center study (n=98) showed that

Table 1. (Continued)

Characteristic SBRT Limited Resection

FEV1/FVC ratio, mean, SD 58.6 (16.2) 68.0 (12.6)
ECOG Performance status, No. (%)
0 55 (33.5) 61 (69.3)
1 77 (47.0) 16 (18.2)
2 21 (12.8) 3 (3.4)
3 5 (3.1) 1 (1.1)
Missing 6 (3.7) 7 (8.0)

PROMIS (T score), mean, SD¶ 28.6 (7.9) 37.1 (8.0)
SF8 physical scale, mean, SD** 40.1 (9.2) 48.0 (9.4)
SF8 mental scale, mean, SD†† 50.3 (9.5) 52.8 (9.1)
FACT-L, mean, SD‡‡ 19.0 (3.2) 20.7 (2.8)
Tumor information
Clinical stage, No. (%)

IA 103 (63.2) 74 (85.1)
IB 56 (34.4) 13 (14.9)
IIA 4 (2.5) 0 (0.0)

Tumor size, No. (%)
,3 cm 103 (63.2) 74 (85.1)

Definition of abbreviations: BMI=body mass index; COPD=chronic obstructive pulmonary
disease; ECOG=Eastern Cooperative Oncology Group; FACT-L=Functional Assessment of
Cancer Therapy-Lung; FEV1= forced expiratory volume in one second; FVC= forced vital
capacity; GDS=Geriatric Depression Scale; IQR= interquartile range; MRC=Medical Research
Council dyspnea scale; PHQ-4=Patient Health Questionnaire for Depression and Anxiety;
PROMIS=Patient-reported Outcomes Measurement Information System; SBRT=stereotactic
body radiation therapy; SD=standard deviation; SF8=8-item Short-Form Survey.
*The percentage of participants with missing data for specific covariates were: education=7%,
Income=28%, Insurance=7%, Smoking Status=9%, BMI= 8%, PHQ-4=8%, GDS=10%,
Mini-Cog=37%, Medical Research Council Scale=10%, FEV1% predicted=19%, FEV1/FVC
ratio=22%, ECOG=5%, PROMIS=6%, SF8 physical scale=16%, SF8 mental scale=16%,
FACT-L=7%, Clinical stage=1%, and Tumor Size=1%. All other variables had no missing
data.
†The PHQ-4 measures symptoms of anxiety and depression. Scores are rated as: no (0–2),
mild (3–5), moderate (6–8), or severe (9–12) symptoms.
‡GDS score measures symptoms of depression. Scores of 0–4 suggest no symptoms; 5–8
indicate mild depression symptoms; 9–11 indicate moderate depression symptoms; and 12–15
indicate severe symptoms of depression.
§The Mini cog test is used to screen for dementia; scores of 3–5 indicates a negative screen.
jjThe MRC scale measures the extent to which patients’ breathlessness affects their mobility.
¶The PROMIS scale measures physical functional status; population-based reference T-scores
(mean: 50, standard deviation: 10) are used to evaluate patients’ responses.
**The SF-8 physical scale measures the physical component of health-related quality of life.
A higher score indicates better quality of life.
††The SF-8 mental health scale measures the mental health component of health-related quality
of life. A higher score indicates better self-reported reported quality of life.
‡‡The FACT-L measures lung cancer-specific health-related quality of life. A higher score
indicates better quality of life.
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approximately half of the patients reported
fatigue 1 month after thoracotomy with the
prevalence declining to 38% byMonth 4
post-procedure (36). Fatigue can negatively
impact quality of life, and is often
undertreated (37). Thus, our findings that
this symptom is more common after SBRT is
important in guiding providers to assess for
fatigue, provide counseling, and timely
referral to rehabilitation for patients with
more severe symptoms (37).

Respiratory AE
Respiratory complications were among the
most common AEs observed in our cohort as
well as in previous studies (19, 21, 38). It is
important to point out that the types of
respiratory AEs were different among
patients treated with limited resection versus
SBRT. As in prior reports, pneumonia and
air leak were more common after surgical
resection (19), while symptomatic radiation

pneumonitis was almost exclusively
associated with SBRT (38). In our study,
while patients who underwent limited
resection had a higher risk of respiratory
complications, in general, the rates of severe
(grade III/IV) AEs were low, and similar in
both groups. Unfortunately, the low number
of severe AEs did not allow for formal
statistical comparisons across groups.
Most patients with lung cancer treated
with limited resection have reduced lung
function or other severe smoking-associated
comorbidities, which are independent risk
factors for postoperative pneumonia (4, 6, 39).
Moreover, postoperative pneumonia carries
a highmorbidity andmortality, and is
associated with lower long-term survival (40).
These findings highlight the need for
aggressive postoperative management to
reduce the risk of pulmonary infections. For
then SBRT-associated respiratory AE profile,
tumor location plays an important role (41).

Rare and potentially lethal AEs such as
pulmonary hemorrhage or airway necrosis
have been reported in central tumors within
2 cm of the trachea or proximal bronchial
tree (41). Radiation pneumonitis, which
typically develops 1 to 3 months post-
treatment, is one of the most common
(15–40% incidence) and clinically
challenging AEs after SBRT (38). In addition
to a dose-response relationship with
radiation, pre-existing pulmonary conditions
such as COPD are independent risk factors
for developing pneumonitis (38). 4D
computed tomography planning-based
thoracic radiation has shown promising
results in reducing this rate (38). In addition
to glucocorticoids, several therapies targeting
free radical production, inflammatory cells,
cytokine, and growth factors are under
investigation as potential novel treatments
for radiation pneumonitis (38).

Infectious AE
Extrapulmonary infection is more common
in patients undergoing surgery than SBRT,
especially within 30 days post-procedure.
Previous reports showed that urinary tract
infection (2–14% incidence) and surgical site
wound infection (,1–6% incidence) are the
second and third most common infectious
AE, respectively, following pulmonary
infections (40, 42). Extrapulmonary
infections can lead to prolonged hospital
stay, increased morbidity and worsen long-
term survival (40). However, the incidence of
extrapulmonary infections also increased in
patients treated with SBRT after 30 days.

Table 2. Unadjusted rates of adverse events among patients with early stage non-small cell lung cancer treated with stereotactic
body radiation therapy versus limited resection

Adverse Event

30 d Post Treatment 90 d Post Treatment

SBRT Grade III/IV Surgery Grade III/IV P Value* SBRT Grade III/IV Surgery Grade III/IV P Value*
No. (%)† No. (%)‡ No. (%)† No. (%)‡ No. (%)† No. (%)‡ No. (%)† No. (%)‡

At least 1 AE 42 (25.6) 6 (14.2) 26 (29.6) 3 (11.5) 0.50 56 (34.2) 6 (10.7) 30 (34.1) 3 (10.0) 0.99
Constitutional 29 (17.7) 0 (0.0) 7 (8.0) 0 (0.0) 0.04 35 (21.3) 0 (0.0) 8 (9.1) 0 (0.0) 0.01
Respiratory 15 (41.7) 2 (13.3) 21 (58.3) 1 (4.8) ,0.01 21 (46.7) 3 (14.3) 24 (53.3) 1 (4.1) ,0.01
Infectious 1 (0.6) 0 (0.0) 7 (8.0) 2 (28.5) ,0.01 7 (4.3) 2 (28.5) 7 (8.0) 2 (28.5) 0.25
Cardiovascular 1 (0.6) 1 (100.0) 2 (2.3) 0 (0.0) 0.28 1 (0.6) 1 (100.0) 4 (4.6) 0 (0.0) 0.05
Cutaneous 3 (1.8) 1 (33.3) 0 (0.0) 0 (0.0) 0.55 4 (2.4) 1 (25.0) 0 (0.0) 0 (0.0) 0.30
Musculoskeletal 4 (2.4) 1 (25.0) 2 (2.3) 0 (0.0) 0.99 5 (3.1) 1 (20.0) 2 (2.3) 0 (0.0) 0.99
Gastrointestinal 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 0.99 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 0.99
Neurological 1 (0.6) 1 (100.0) 0 (0.0) 0 (0.0) 0.99 1 (0.6) 1 (100.0) 0 (0.0) 0 (0.0) 0.99
Hematological 0 (0.0) 0 (0.0) 1 (1.1) 0 (0.0) 0.35 0 (0.0) 0 (0.0) 1 (1.1) 0 (0.0) 0.35

Definition of abbreviations: AE=adverse event; SBRT= stereotactic body radiation therapy.
*P value compares the statistical significance for overall (i.e., all grades) AEs between SBRT vs. surgery.
†Indicates the percentage of participants in the treatment group that experienced AEs of any level of severity.
‡Indicates percentage of the total AEs that were grade III or IV.

Table 3. Propensity-score adjusted probability of adverse events among patients
with early stage non-small cell lung cancer treated with stereotactic body radiation
therapy versus limited resection

Adverse Events
30 d Post Treatment 90 d Post Treatment

OR (95% CI) OR (95% CI)

At least 1 adverse event 1.00 (0.65–1.55) 1.27 (0.84–1.91)
Constitutional 2.47 (1.34–4.54) 2.69 (1.52–4.77)
Respiratory 0.36 (0.20–0.65) 0.51 (0.31–0.86)
Infectious 0.05 (0.01–0.39) 0.41 (0.17–0.98)
Cardiovascular 0.23 (0.03–1.89) 0.15 (0.02–1.12)
Musculoskeletal 0.67 (0.21–2.09) 1.11 (0.41–3.05)

Definition of abbreviations: CI = confidence interval; OR=odds ratio.
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Prolonged (.4 wk) decrease in circulating
lymphocytes and natural killer cells has been
observed in patients treated with SBRT
leaving these patients at higher risk of
infections (43). Therefore, identifying high-
risk patients, such as those with diabetes, and
developing multidisciplinary strategies to
reduce the risk of extrapulmonary infections
are critical in this older and vulnerable
population.

Other AE
Cardiovascular morbidity is a major concern
when assessing eligibility for surgical
resection. Prior studies showed that rates of
cardiac arrhythmia post-lung resection range
from 4 to 11% (19, 42). Similarly, a large
study (n=9,033) using data from the Society
of Thoracic Surgeons reported between
1999 to 2006 found the rates of postoperative
MI, deep venous thrombosis, and pulmonary
embolism were,1% (42). However, the
majority of patients in this study underwent
lobectomy (42), which is used in patients
with safer cardiovascular profile,
potentially explaining the lower risk of
complications (44).

Chest wall toxicities, which
encompasses skin toxicity (1–14%
incidence), chest wall pain (10–44%
incidence), and rib fractures (5–17%
incidence), can occur when SBRT is used to
treat peripheral lung lesions (45, 46). Skin
toxicity usually develops 3–6 weeks post-
SBRT whereas chest wall pain and rib
fractures are longer-term problems with a
median onset of 13 months and 19 months
posttherapy, respectively (45, 46). Peripheral
nerve damage has been suggested as a
potential cause of chest wall pain after SBRT,
with obesity and higher radiation disease
established risk factors (47). In our study, the
rates of cutaneous AEs (rash and skin burn)
associated with SBRT was 1.8% and 2.8% at
30 days and 90 days, respectively, consistent
with previous literature (45, 46). We
additionally found that the rates of short-
termmusculoskeletal AEs (including chest
wall pain, rib pain, and rib fracture) post-
SBRT were 2.4% and 3.1% at 30 days and
90 days, lower than reported long-term
musculoskeletal AE rates (45, 46). Post
thoracotomy pain is prevalent in patients

who underwent thoracotomy (33–91%), and
was more commonly associated with open
thoracotomy than video-assisted thoracic
surgery (48). The majority of the
postthoracotomy pain was neuropathic with
a median onset of 7 days and could last for
months (49). Advanced age, duration of
surgery (.2.5 h), and preoperative use of
hypnotic medication were risk factors for
post thoracotomy pain (49). No postsurgical
neurological AEs were observed in our
cohort, which could be due to a relatively
younger patient population, surgical
technique, and perioperative care.

Acute esophagitis is also commonly
seen after SBRT (incidence of grade. 3:
5–20%) (46). This AE usually presents 2–3
weeks after SBRT and is a dose-limiting
toxicity that varies in frequency by tumor
location (46). The spectrum of esophagitis
can range frommild disease to perforation
and can lead to tracheoesophageal fistula
formation and severely compromised
nutritional status (45). We only observed 1
non-severe esophagitis (,1%) post-SBRT
treatment at 30 days. Radiation-induced
brachial plexopathy (RIBP) has been
reported in up to 19% of cases months to
years post-SBRT especially after treatment of
apical lung tumors in proximity of the
brachial plexus (46). Symptoms include
upper extremity paresthesia, motor weakness
and neuropathic pain (45). The severity of
RIBP is positively associated with the dose
delivered (50). No grade 3–4 neurological AE
was observed in patients treated with SBRT,
and only 1 patient developed non-severe AE.
Amore sophisticated risk model is under
development to better quantify the dose
tolerance of brachial plexus and potentially
minimize the risk of RIBP (50).

Strengths and Limitations
Our prospective study design allowed us to
collect detailed data regarding the baseline
characteristics of study participants that
could guide the use of limited resection
versus SBRT. Additionally, prospective data
collection minimized recall bias. We also
used standardized definitions of AEs based
on well-established criteria. The study was
conducted in multiple sites across several
geographic locations which increases the

generalizability of our findings. However,
lack of random treatment allocation can lead
to systematic differences in the distribution
of pretreatment characteristics and confound
potential differences in AEs observed in the
two treatment groups. Most participating
medical centers routinely discuss in
multidisciplinary tumor board meetings the
treatment of patients with early stage lung
cancer . However, it is possible that some
patients may have not been evaluated by a
surgeon and a radiation oncologist,
potentially introducing biases in the
treatment used.While we used propensity
score methods to attenuate the impact of
allocation bias, we could not adjust for
unmeasured confounders. Although the
study was powered to identify differences in
the most frequent AE after limited resection
versus SBRT, several complications
(including perioperative mortality) and
severe AEs had low frequency. Therefore, we
cannot exclude potential associations with
treatment type. Additionally, our follow-up
did not allow us to capture long-term
toxicities, such as secondary malignancies
after chest radiation, or to compare the
oncologic outcomes of patients treated with
SBRT versus surgical resection.

In conclusion, our study found that
among patients with stage I-IIA NSCLC
with tumor size< 5 cm, SBRT was
associated with lower risk of developing
respiratory AEs compared with limited
resection; however, SBRT was linked to a
higher risk of fatigue up to 3 months
posttreatment. Limited resection was
associated with a higher risk of 30-day
infectious AEs than SBRT, but this
difference was less pronounced at 90 days.
As lung cancer screening becomes
increasingly adopted, the treatment of
early lesions will become more critical.
Understanding the postprocedure-related
AE profile, in combination with data
about oncologic effectiveness, especially
among elderly and vulnerable population,
could provide practical knowledge to
directly inform patient-centered cancer
care. �
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