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Objective: To evaluate the overall survival of patients with operable stage IA

non-small-cell lung cancer (NSCLC) who undergo ‘‘early’’ SBRT (within 0–

30 days after diagnosis) versus ‘‘delayed’’ surgery (90–120 days after

diagnosis).

Summary of Background Data: During the COVID-19 pandemic, national

guidelines have recommended patients with operable stage IA NSCLC to

consider delaying surgery by at least 3 months or, alternatively, to undergo

SBRT without delay. It is unknown which strategy is associated with better

short- and long-term outcomes.

Methods: Multivariable Cox proportional hazards modeling and propensity

score-matched analysis was used to compare the overall survival of patients

with stage IA NSCLC in the National Cancer Data Base from 2004 to 2015

who underwent ‘‘early’’ SBRT (0–30 days after diagnosis) versus that of

patients who underwent ‘‘delayed’’ wedge resection (90–120 days after

diagnosis).

Results: During the study period, 570 (55%) patients underwent early SBRT

and 475 (45%) underwent delayed wedge resection. In multivariable analysis,

delayed resection was associated with improved survival [adjusted hazard

ratio 0.61; (95% confidence interval (CI): 0.50–0.76)]. Propensity-score

matching was used to create 2 groups of 279 patients each who received

early SBRT or delayed resection that were well-matched with regard to

baseline characteristics. The 5-year survival associated with delayed resection

was 53% (95% CI: 45%–61%) which was better than the 5-year survival

associated with early SBRT (31% [95% CI: 24%–37%]).

Conclusion: In this national analysis, for patients with stage IA NSCLC,

extended delay of surgery was associated with improved survival when

compared to early treatment with SBRT.

Keywords: COVID-19, lung cancer, NSCLC, SBRT, stereotactic body

radiation therapy, surgery, wedge resection
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T he first case of COVID-19 in the United States was detected in
Washington State on January 20, 2020.1 By May of 2020, there

were �1.5 million confirmed cases and over 90,000 deaths in all 50
states.2 In response to the pandemic, many hospitals postponed
elective surgeries3–6 and delayed both surgical and systemic treat-

5,7,8,9,10
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ments of cancer to preserve limited hospital resources and
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protect patients from potential exposure to COVID-19. For patients
with operable stage IA non-small-cell lung cancer (NSCLC), several
American and European medical societies have recommended delay-
ing surgery for an extended period of time.4,11–13 In lieu of surgery,
stereotactic body radiotherapy (SBRT) has also been recommended
for patients with operable stage IA NSCLC during the COVID
pandemic.4,9,12–15

Because the current crisis is unprecedented, there is very little,
if any, data to support the above-noted recommendations. It is unclear
whether timely treatment of stage IA NSCLC with SBRT is better
than extended delay of surgery. The objective of this study was to use
data from the National Cancer Data Base (NCDB) to evaluate the
overall survival of patients given SBRT within 0–30 days after
diagnosis versus the overall survival of patients who underwent
wedge resection 90–120 days after diagnosis. We aimed to provide
clinicians with data that could be used to inform treatment decision-
making for patients with stage IA NSCLC either during the present
COVID-19 pandemic or in preparation of any future pandemic
waves.

METHODS

Data Source: NCDB
The NCDB is a clinical oncology database and a joint project

of the Commission on Cancer of the American College of Surgeons
and the American Cancer Society. The data collected from the NCDB
are estimated to include>80% of newly diagnosed lung cancer cases
in the U.S.16 Staging was reclassified using best available data
according to AJCC eighth edition criteria.17

Study Design
All patients with clinical stage IA NSCLC with adenocarci-

noma, squamous cell carcinoma, or large cell histology (identified
via International Classification of Diseases for Oncology, third
edition histology and topography codes) from 2004 to 2015 who
were treated with extended ‘‘delayed’’ wedge resection (ie, wedge
resection performed 90–120 days after diagnosis) or ‘‘early’’ SBRT
(ie, SBRT performed 0–30 days after diagnosis) were included. The
time intervals chosen for ‘‘early’’ and ‘‘delayed’’ were based on
guidelines and observations noted from previous literature, and were
defined a priori as 0–30 days15,18,19 and 90–120 days.4,11,12 As
described previously,20 in an effort to minimize bias, with the
surgical cohort, we chose to limit the inclusion criteria to only
patients who underwent wedge resection, as opposed to anatomic
lung resection (eg, with segmentectomy or lobectomy).

In addition, we excluded patients who were coded in the
NCDB as having undergone SBRT because surgery ‘‘was not
recommended/performed because it was contraindicated due to
patient risk factors (comorbid conditions, advanced age, etc).’’ We
also restricted the analysis to patients with no history of prior
malignancy. Patients with other neuroendocrine tumors and previ-
er Health, Inc. All rights reserved.

ously-termed ‘‘bronchioloalveolar’’ tumors were excluded because
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these histologic subtypes are usually associated with better progno-
ses than other types of NSCLC.21,22 The primary outcome was
overall survival.

Statistical Analysis
Patients were grouped based on whether they received ‘‘early’’

SBRT or ‘‘delayed’’ wedge resection. Pearson Chi-square test for
categorical variables and Wilcoxon rank sum test for continuous
variables were used to determine differences in patient and post-
treatment characteristics. Survival was measured from the start date
of treatment to death or date of last follow-up.

We examined differences in cumulative survival in patients
who received ‘‘early’’ SBRT versus ‘‘delayed’’ wedge in the NCDB,
using the Kaplan-Meier method and the log-rank test. In addition, a
multivariable Cox proportional hazards model was used to evaluate
differences in overall survival between the SBRT and wedge groups,
adjusting for age, sex, race, Charlson Deyo comorbidity score
(CDCC score), clinical T status, tumor size, tumor location, histol-
ogy, insurance status, facility type, facility treatment volume, dis-
tance from the hospital, income, education, and year of diagnosis.
The proportional hazards assumption was evaluated for the Cox
models using smooth scaled Schoenfeld residual plots and there were
no violations of assumptions found.

Next, we used propensity scores to match patients in the
‘‘early’’ SBRT and ‘‘delayed’’ wedge treatment groups.23 Briefly,
patients were stratified into 2 groups (ie, those who underwent
‘‘early’’ SBRT and ‘‘delayed’’ wedge) and a logistic regression
model was used to calculate propensity scores based on patient-
and disease-related variables that were determined to most likely act
as confounders. These variables were determined a priori and
included the same above-mentioned variables used in our Cox
proportional hazards model. We applied a greedy nearest neighbor
matching algorithm without replacement with a caliper of 0.01 to
calculate propensity scores. Balance of the match was assessed using
standardized differences. We examined the cumulative survival in the
matched ‘‘early’’ SBRT and ‘‘delayed’’ wedge treatment groups
using the Kaplan-Meier method and log-rank test.

Sensitivity Analyses
The above-mentioned matched analysis using propensity

scores, applying the same covariates and matching algorithm detailed
above, was performed for patients with no co-morbidities, defined as
a CDCC score of 0.

All statistical analyses were performed using R version 3.2.3
(R Foundation for Statistical Computing, Vienna, Austria) and Stata
version 13.0 (StataCorp LP, College Station, TX). This study
was approved by the Institutional Review Boards at Duke and
Stanford University.

RESULTS

During the study period, 570 (55%) patients underwent early
SBRT and 475 (45%) underwent delayed wedge resection (Fig. 1).
Patient and tumor characteristics are detailed in Supplemental
Table 1, http://links.lww.com/SLA/C501. When compared to the
early SBRT group, patients undergoing delayed wedge were younger,
were less likely to be White, had a higher CDCC score, were less
likely to have T1c tumors, and were more likely to have a histology
of adenocarcinoma.

The median follow-up time was 27.6 months (interquartile
range 14.4–47.0 months). There were 251 deaths in the early
SBRT group and 224 deaths in the delayed wedge group. There
were no significant differences in 30-day mortality between the
 Copyright © 2020 Wolters Kluw

delayed wedge [1.1% (n < 10)] and SBRT [0.4% (n < 10)] groups
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(P¼ 0.26). There were no significant differences in 90-day mortality
between the delayed wedge [2.9% (n ¼ 14)] and SBRT [1.9% (n ¼
11)] groups (P ¼ 0.28).

In unadjusted analysis, delayed wedge resection was associ-
ated with better survival than early SBRT (5-year survival 49% [95%
CI: 43%–54%] versus 31%% [95% CI: 24%–36%], log-rank, P <
0.001, Fig. 2). In multivariable analysis, delayed wedge resection
was associated with improved survival when compared to early
SBRT [adjusted hazard ratio 0.61; 95% CI: (0.50–0.76): P <
0.001] (Supplemental Table 2, http://links.lww.com/SLA/C501).

Propensity Score-matched Analysis
Propensity-score matching was used to create 2 groups of 279

patients each who had early SBRT or delayed wedge resection that
were well-matched with regard to baseline characteristics (Supple-
mental Table 3, http://links.lww.com/SLA/C501). All standardized
mean differences were less than or equal to 8.7%. The 30-day [1.1%
(n< 10)] and 90-day mortality [2.9% (n< 10)] of the delayed wedge
group was not significantly different from the 30-day [0.4% (n< 10)]
and 90-day mortality [2.9% (n < 10)] associated with the SBRT
group (P ¼ 0.62 and P ¼ 1.00, respectively). Delayed wedge
resection was associated with better survival than early SBRT (5-
year survival 53% [95% CI: 45%–61%] vs 31% [95% CI: 24%–
37%], log-rank, P < 0.001, Fig. 3).

Sensitivity Analysis
Propensity-score matching was used to create 2 groups of 95

patients each who had early SBRT or delayed wedge resection and no
co-morbidities. These groups were well-matched with regard to
baseline characteristics (data not shown). The 30-day [0% (n ¼
0)] and 90-day mortality [2.1% (n< 10)] of the delayed wedge group
was not significantly different from the 30-day [1.1% (n < 10)] and
90-day mortality [1.1% (n< 10)] associated with the SBRT group (P
¼ 1.00 and P ¼ 1.00, respectively). Delayed wedge resection was
associated with better survival than early SBRT (5-year survival 61%
[95% CI: 46%–73%]) versus 31% [95% CI: 22%–42%], log-rank, P
< 0.001, Fig. 4).

DISCUSSION

In this study, we evaluated the perioperative mortality and
long-term survival of patients who underwent ‘‘early’’ SBRT (ie,
SBRT within 30 days of diagnosis) versus ‘‘delayed’’ wedge resec-
tion (ie, wedge resection 90–120 days after diagnosis) for stage IA
NSCLC in the NCDB. In unadjusted, multivariable, and propensity
score-matched analysis, we found that delayed wedge resection was
associated with similar 30- and 90-day mortality and improved long-
term survival when compared to early SBRT. This finding was
consistent in our sensitivity analysis where we performed the same
propensity score-matched analysis, as above, but limited the com-
parison to only patients with no major comorbidities.

Numerous studies have compared outcomes of SBRT to
surgery for early stage NSCLC with conflicting results24–36 and
currently there are 4 randomized trials in progress further evaluating
SBRT vs surgery.37–40 However, none of the data from these prior or
ongoing studies are particularly relevant for decision-making during
the COVID-19 pandemic. Unlike pre-COVID times, when patients
may be presented with a choice between timely receipt of surgery
versus timely receipt of SBRT, during the pandemic, the questions
facing some patients, particularly in areas severely strained by
COVID-19, may be whether to undergo delayed surgery or timely
SBRT. Recommendations from medical societies have noted that
either delayed surgery or early SBRT is appropriate, although, to
er Health, Inc. All rights reserved.

date, there have been no data supporting these guidelines. The
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FIGURE 2. Kaplan-Meier analysis of overall survival for patients
with stage IA NSCLC who received early SBRT (0–30 d after
diagnosis) versus delayed wedge resection (90–120 d after
diagnosis). NSCLC indicates non-small-cell lung cancer; SBRT,
stereotactic body radiotherapy.

FIGURE 1. Flow diagram showing schema of study subject selection of patients with stage IA adenocarcinoma, squamous cell
carcinoma, or large cell carcinoma who received early SBRT (0-30 d after diagnosis) versus delayed wedge resection (90–120 d after
diagnosis). SBRT indicates stereotactic body radiotherapy.

FIGURE 3. Kaplan-Meier analysis of overall survival for propen-
sity score-matched patients with stage IA NSCLC who received
early SBRT (0–30 d after diagnosis) versus delayed wedge
resection (90–120 d after diagnosis). NSCLC indicates non-
small-cell lung cancer; SBRT, stereotactic body radiotherapy.
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FIGURE 4. Kaplan-Meier analysis of overall survival for propen-
sity score-matched patients with stage IA NSCLC who had a
CDCC score of 0 (no major comorbidities) and received early
SBRT (0–30 d after diagnosis) versus delayed wedge resection
(90–120 d after diagnosis). CDCC indicates Charlson comor-
bidity score; NSCLC indicates non-small-cell lung cancer; SBRT,
stereotactic body radiotherapy.
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present study findings suggest that, in the setting of the COVID
pandemic, if a patient has stage IA NSCLC and cannot readily and
safely undergo surgery immediately, then waiting for surgery 3–4
months after diagnosis is a strategy that can be carefully considered
in a multidisciplinary setting.

Limitations
Because of the study’s observational design, there is potential

for residual confounding and selection bias to exist. To avoid a
possible scenario where the surgery cohort is healthier or comprises
patients medically operable by criteria not captured by the NCDB
and to avoid a situation where the SBRT group is less healthy or
comprises patients who were medically inoperable due to factors not
captured by the NCDB, we excluded patients who had received
SBRT because their physician thought surgery was contraindicated
due to patient risk factors (eg, comorbid conditions, elderly age, etc).

Of note, in this study, for the surgery group, we specifically
evaluated patients who underwent wedge resection, to try to limit
confounding. Standard-of-care for stage IA NSCLC is lobectomy
with mediastinal lymph node dissection or systematic lymph node
sampling, and wedge resection is generally reserved for patients with
poor pulmonary function or major comorbidities.11 We chose not to
compare SBRT to lobectomy though, because of concerns previously
raised. A critique of previous studies evaluating lobectomy vs SBRT
is that results may be biased in favor of surgery because patients who
undergo lobectomy may be healthier than patients who undergo
SBRT.41 We aimed to minimize bias by selecting, for the surgery
group, patients who underwent wedge resection, as these patients
generally have more underlying comorbidities than patients under-
going anatomic lung resection. Of note, in the present study, the
wedge resection group had more comorbidities and were presumably
less fit than the SBRT group. By including only wedge resections, the
surgery cohort likely included higher-risk patients and may be more
similar to the SBRT cohort than a surgery cohort that included
patients undergoing anatomic lung resections.

Although there are important covariates such as pulmonary
function data that are not available in the NCDB, in our multivariable
analysis and propensity-score matching, we were able to include
 Copyright © 2020 Wolters Kluw

key covariates such as comorbidity scores. Of note, as a sensitivity
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analysis, we performed a matched analysis using propensity scores
limited to patients with no major comorbidities and found results that
were consistent with the primary analysis.

There are several more limitations to the study. First, our
results are not necessarily generalizable to stage IB and other stages
of NSCLC. In addition, they are not necessarily generalizable to
other types of anatomic lung resection (eg, segmentectomy and
lobectomy). However, given that anatomic lung resection is stan-
dard-of-care for early-stage NSCLC and associated with better out-
comes than wedge resection, the study findings can likely be
extrapolated to anatomic lung resection as well. Second, cancer-
specific and recurrence-free survival are not available in the NCDB.
Third, the NCDB does not have data on whether the tumors were
peripheral or central, and patients who underwent SBRT may have
had central tumors not amenable to wedge resection.

Lastly, for future lines of investigation, it will be important to
evaluate whether patients who have SBRT followed by delayed
surgery have better or worse short- and long-term outcomes than
patients with delayed surgery alone, given that ‘‘salvage’’ or ‘‘com-
pletion’’ wedge resection after SBRT could be a consideration for
patients who, during the COVID-19 pandemic, underwent SBRT but
otherwise would have been candidates for surgery.

CONCLUSIONS

In this national analysis, for patients with stage IA NSCLC,
extended delay of surgery was associated with improved survival
when compared to early treatment with SBRT. This finding can be
used to help inform the treatment decision-making process for early-
stage NSCLC during the COVID-19 pandemic and in future
pandemic waves.
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