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Abstract

Objectives: To compare patterns of care and overall survival (OS) between stereotactic body
radiotherapy (SBRT) and percutaneous local tumor ablation (LTA) for non-surgically managed
early-stage non-small-cell lung cancer (NSCLC).

Materials and methods: The National Cancer Database (NCDB) was queried from 2004 to
2014 for adults with non-metastatic, node-negative invasive adenocarcinoma or squamous cell
carcinoma of the lung with primary tumor size <5.0 cm who did not undergo surgery or
chemotherapy and received SBRT or LTA. Patterns of care were assessed with multivariate logistic
regression. After propensity-score weighting with generalized boosted regression, OS was
assessed with univariate and doubly-robust multivariate Cox regression.

Results: Of 15,792 patients, 14,651 (93%) received SBRT and 1141 (7%) received LTA.
Increasing age (OR 1.01, p =.035), treatment at an academic institution (OR 2.94, p <.001),
increasing tumor size (OR 1.05, p <.001), and more recent year of diagnosis (OR 1.43, p <.001)
were predictive of treatment with SBRT, whereas comorbidities (OR 0.74, p =.003) and treatment
at a high-volume facility (OR 0.05, p <.001) were predictive for LTA. At a median follow-up of
26.2 months, SBRT was associated with improved OS relative to LTA within a propensity-score
weighted doubly-robust multivariate analysis (HR 0.71, p < .001). On weighted subgroup
analyses, improved OS was observed with SBRT for tumor sizes > 2.0 cm (HR 0.72, p <.001) and
for those treated at high-volume facilities (HR 0.71, p < .001). No OS difference was found with
SBRT or LTA in tumor sizes <2.0 cm (HR 0.90, p = .227).

Conclusion: Within the NCDB, SBRT was more commonly utilized and was associated with
improved OS when compared to percutaneous LTA for patients with non-surgically managed
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early-stage NSCLC. Patients with small tumor volumes likely represent an appropriate population
for future prospective randomized comparisons between SBRT and LTA.
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1. Introduction

Lung cancer represents the leading cause of cancer mortality in the United States, with
234,030 new diagnoses and 154,050 deaths estimated for 2018 [1]. Non-small cell lung
cancer (NSCLC) accounts for approximately 80% of all lung cancer diagnoses with the
majority (~80%) presenting with locally advanced or metastatic disease. However, with the
recent implementation of low-dose computed tomography [2] screening protocols, rising
rates of detection of early-stage disease have contributed to a reduction in lung cancer
mortality [3].

Surgical resection remains the historical gold standard for definitive management of
medically operable early-stage NSCLC with prospective randomized evidence suggesting
superiority of lobectomy over sublobar resection [4,5]. However, a substantial proportion of
patients with early-stage NSCLC are deemed medically inoperable at diagnosis, most
commonly due to pre-existing pulmonary or cardiovascular comorbidities. In those with
medically inoperable early-stage NSCLC, stereotactic body radiotherapy (SBRT) has
emerged as a safe and efficacious standard-of-care [6-17]. As an alternative to SBRT,
percutaneous image-guided local tumor ablation (LTA) achieved most commonly via
interventional radiological procedures utilizing thermal ablation (radiofrequency ablation
[RFA], microwave ablation, laser ablation, or cryosurgery) has become an increasingly
recognized treatment option [18-33]. Despite this trend, comparative effectiveness data for
SBRT and LTA in early-stage NSCLC are limited. A pooled analysis of published
experiences suggested possible improved local control with SBRT, but this local control
benefit was not found to result in improved rates of overall survival (OS) [34]. As a result,
we sought to compare OS and patterns of care for patients receiving definitive SBRT or LTA
in non-surgically managed early-stage NSCLC.

2. Methods

2.1. Data source and study population

Patient data were obtained from the National Cancer Database (NCDB), which includes data
from approximately 1500 accredited cancer facilities and captures nearly 70% of new cancer
diagnoses made in the United States [35]. The NCDB was queried from 2004 through 2014
for adult patients aged 18 or older diagnosed with NSCLC (International Classification of
Diseases in Oncology [ICD-Q0]-3 C340-C349 primary site codes) (Fig. 1). Included tumor
histologies were invasive squamous cell carcinoma (ICD-0-3 8052, 8070, 8071, 8072, 8073,
8074, 8075, 8076, 8078, 8083, 8084) or invasive adenocarcinoma (IDC-0-3 8140, 8141,
8143, 8144, 8255, 8260, 8310, 8323, 8480, 8481, 8490, 8570, 8571, 8572, 8573, 8574).
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Included patients had primary tumor sizes < 5.0 cm with American Joint Committee on
Cancer (AJCC) 6th or 7th Edition clinical tumor (T) stage 1-2 disease and no clinical or
pathologic evidence of metastasis to regional lymph nodes or distant sites. Patients receiving
chemotherapy or surgery other than SBRT or LTA were excluded. The LTA cohort included
those receiving laser ablation or cryosurgery, electrocautery/fulguration, and local tumor
destruction not otherwise specified. Several percutaneous ablation techniques, notably
radiofrequency and microwave ablation, were not explicitly recorded by the NCDB. Patients
were required to have undergone first-line treatment with either SBRT or LTA but were
excluded if they received both treatments. The SBRT cohort was defined as any of the
following dose fractionations: 34 Gray (Gy) in 1 fraction, 54 Gy in 3 fractions, 48 Gy in 3
fractions, 45 Gy in 3 fractions, 50 Gy in 4 fractions, 48 Gy in 4 fractions, 55 Gy in 5
fractions, or 50 Gy in 5 fractions. Patients with a recorded date of last contact or death
within three months of diagnosis were excluded.

2.2. Covariates

Demographic and clinical characteristics included for analysis were age, sex, race, Charlson-
Deyo comorbidity score, facility type (academic versus other), facility treatment volume
(composite of facilities treating the highest 10t percentile versus lowest 90t percentile of
patient volume with LTA or SBRT, calculated separately), tumor size, histology, tumor
grade, clinical T stage (AJCC 6th or 7th edition), SBRT dose fractionation, LTA type, and
year of diagnosis.

2.3. Objectives

The primary objective of this study was to compare rates of OS for non-surgically managed
patients with early-stage, node-negative, non-metastatic NSCLC with primary tumor size <
5.0 cm treated with either SBRT or LTA. OS was measured in months from the date of
diagnosis to the date of death from any cause. A secondary objective was to compare
patterns of care by determining factors associated with receipt of SBRT or LTA. Other
meaningful endpoints such as local or regional recurrence, progression-free survival,
disease-specific survival, and rates of toxicity were unable to be evaluated as these data were
not recorded within the NCDB.

2.4, Statistical analysis

Differences in the distribution of demographic and clinical characteristics among groups
were assessed using Pearson’s chi-squared analysis for categorical variables and two-sided ¢
tests for continuous variables. Multivariate logistic regression was performed to quantify the
predictive value of clinicodemographic characteristics in treatment allocation. Generalized
boosted regression modeling was employed with the propensity-score in an attempt to
equally weight clinicodemographic factors between treatment groups. All factors common to
both treatment groups were included in the propensity-score weighted model, including age,
sex, race, Charlson-Deyo comorbidity score, facility type, facility treatment volume, tumor
size, histology, tumor grade, clinical T stage, and year of diagnosis.

The primary endpoint of OS was assessed using Kaplan-Meier analyses, log-rank regression,
and Cox proportional hazards modeling. Doubly-robust estimation was performed with
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multivariate Cox proportional hazards modeling on the propensity-score weighted cohort.
Significance was defined as any two-sided Pvalue < .05. All analyses were performed using
the STATA 14.2 statistical package (Stata Corporation, College Station, TX).

3. Results

3.1. Factors associated with use of SBRT

Of the 15,792 patients meeting criteria, 14,651 (93%) received SBRT and 1141 (7%)
received LTA. The distribution of demographic and clinical characteristics by treatment
group is shown in Table 1. On multivariate logistic regression, increasing age, treatment at
an academic institution, increasing tumor size, and more recent year of diagnosis were
associated with receipt of SBRT over LTA, whereas patients with comorbidities (Charlson-
Deyo score = 1) and those receiving treatment at a high-volume center for SBRT or LTA
were more likely to receive LTA (Table 2). After propensity-score weighting, demographic
and clinical characteristics were well-balanced between treatment groups (Supplemental
Table Al).

3.2. Survival analysis

At a median follow-up of 26.2 months (range 3.0-148.7 months), SBRT resulted in a lower
risk of death when compared to LTA for both the unadjusted cohort (hazard ratio [HR] 0.86,
95% confidence interval [CI] 0.80-0.93, p <.001; log-rank p <.001) and propensity-score
weighted cohort (HR 0.83, 95% CI 0.73-0.94, p =.002) (Fig. 2). Adjusted rates of OS at 1,
2, 3, and 5 years were 87.5% vs. 83.5%, 68.0% vs. 63.0%, 52.2% vs. 45.9%, and 31.0% vs.
26.2% for SBRT and LTA, respectively. The superiority of SBRT over LTA with respect to
OS was confirmed with doubly-robust multivariate analysis of the weighted cohort (Table 3).
In this doubly-robust multivariate model, female sex, non-Caucasian race, and treatment at a
high-volume facility were associated with a lower risk of death; whereas increasing age,
increasing tumor size, and higher tumor grades portended worse OS.

3.3. Subgroup analysis

In an exploratory analysis of the propensity-score weighted cohort, the OS benefit for SBRT
appeared to be consistent across multiple subgroups (Fig. 3). Within this propensity-score
weighted population, lower risks of death were observed with SBRT for tumor sizes > 2.0
cm (HR 0.72, 95% CI 0.61-0.86, p < .001). No differences in rates of OS were found
between SBRT and LTA for tumor sizes < 2.0 cm. In the patient subset treated at high-
volume facilities, a persistent lower risk of death was seen with SBRT versus LTA. No
patient subgroups were identified that experienced improved OS with LTA relative to SBRT.

4. Discussion

Emerging evidence has suggested that percutaneous image-guided LTA may be a feasible
treatment option for medically inoperable early-stage NSCLC [18-33]. However, no
randomized prospective trials have been performed to validate LTA alongside SBRT, which
prospective studies have firmly established as a safe and highly-effective standard-of-care
[6-16]. In a 2016 pooled analysis of published experiences, SBRT was found to have
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superior local control at 1 (97% vs. 77%), 2 (92% vs. 48%), 3 (88% vs. 55%), and 5 years
(86% vs. 42%) when compared to percutaneous LTA performed with RFA [34]. In this
report, incidence of grade > 3 toxicities also appeared to numerically favor SBRT (radiation
pneumonitis, 2%; rib fracture, 2%) over RFA (pneumothorax requiring intervention, 13%).
A single-institutional study evaluating the efficacy of microwave ablation also demonstrated
a high rate of pneumothorax (32%) while the tumor control rates were only 78%, 64%, and
56% at 1, 2, and 3 years, respectively [36]. Others have suggested that SBRT may be more
cost-effective than RFA, with an incremental cost-effectiveness ratio of $14,100 per quality-
adjusted-life-year [37]. Although these findings appear to favor treatment with SBRT,
limited published experiences suggest rates of OS are similar between SBRT and RFA
[34,38].

Our analysis of a propensity-score weighted cohort from the NCDB demonstrated superior
rates of OS with SBRT when compared to LTA for patients with non-surgically managed
early-stage NSCLC. The survival advantage with SBRT persisted after a propensity-score
weighted doubly-robust multivariate adjustment for age, sex, race, comorbidities, facility
type, facility treatment volume, tumor size, histology, tumor grade, clinical T stage, and year
of diagnosis. In an exploratory analysis, rates of OS appeared to favor SBRT across multiple
subgroups, including those with larger tumor sizes (> 2.0 cm) and for those treated at high-
volume facilities. Notably, no propensity-score weighted subgroups were identified that
exhibited improved OS with LTA relative to SBRT.

These findings are in contrast to a similar 2004—2014 NCDB analysis that found no
statistical differences in rates of OS between SBRT and LTA within a propensity-score
matched patient cohort treated for tumor sizes < 3.0 cm at high-volume facilities [38].
However, several factors may have contributed to the observed superiority of SBRT within
the current study. Attempts were made in both studies to account for the quality of
treatments by controlling for facility treatment volume, but this surrogate measure may not
have been sufficient. In contrast to the referenced study, our analysis utilized a strict
definition of SBRT, including only clinically-relevant prospectively-studied SBRT dose
fractionation schemes achieving biologically effective doses = 100 Gy (a./p = 10), a dose
threshold which is known to be prognostic [11]. Conversely, no analogous treatment metrics
were available within the NCDB to ensure high-quality percutaneous ablation techniques
were performed. The NCDB registry does not include explicit codes for treatment with RFA
or microwave ablation for cancers of the lung (ICD-0-3 C340-9). As a result, it is unclear
how the RFA treatment cohort was defined in the referenced study. As defined by the
NCDB, our percutaneous LTA cohort consisted of patients coded to have received laser
ablation or cryosurgery, electrocautery/fulguration, or local tumor destruction not otherwise
specified, with the assumption that patients receiving RFA or microwave ablation may also
have been included. The limitations of the dataset in selecting for delivery of high-quality
LTA certainly could have contributed to the observed superiority of SBRT in the current
study.

Our results may also be partially explained by the inclusion of larger tumor sizes up to 5.0
cm. Historically, LTA has often been clinically reserved for smaller tumors measuring < 3.0
cm due to declining rates of local control observed with increasing tumor size [23,31].
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Indeed, we found no significant difference in rates of OS between SBRT and LTA within a
propensity-score weighted subset of patients with tumor sizes < 2.0 cm. However, improved
OS was seen with SBRT in the weighted subgroup comprised of patients with tumor sizes of
2.1-3.0 cm. These findings highlight the need for future randomized prospective trials that
can assist in further defining optimal patient selection and comparative-effectiveness
between SBRT and LTA.

Our study was strengthened by a large sample size, achieved via a nationwide hospital-based
population and relatively broad inclusion criteria, allowing for higher statistical power and
potentially more generalizable findings. Within this population, treatment with SBRT was
much more common than LTA (93% vs. 7%, respectively). SBRT was also relatively more
common than LTA in patients with increasing age, in patients with fewer comorbidities, in
those treated at academic facilities, in those with larger tumor sizes, and in patients treated
more recently. Relative to SBRT, LTA was more commonly performed at high-volume
facilities. These observed patterns of care suggest that SBRT remains the prevailing
standard-of-care for the majority of medically inoperable early-stage NSCLC.

This study has several limitations, including potential effects from occult biases. To
minimize potential confounders and biases, we utilized stout statistical methodology with
propensity-score weighting via generalized boosted regression modeling and doubly-robust
estimation with multivariate analysis of the weighted sample [39-41]. However, it remains
difficult to control for all unknown confounders outside of a prospective randomized trial. In
our analysis, relevant covariates were selected for propensity-score weighting a priori,
contributions from potential unidentified confounders were otherwise unaccounted for. In
addition, our analysis was restricted only to available data within the NCDB. Examples of
potentially meaningful unavailable data included patient-level toxicity data, quality-of-life
data, tumor location (e.g., central versus peripheral), local and regional tumor control,
salvage treatments, progression-free survival, and disease-specific survival.

5. Conclusion

Within a propensity-score weighted NCDB hospital-based population, higher rates of OS
were observed with SBRT versus percutaneous LTA in patients treated definitively for non-
surgically managed early-stage NSCLC. This finding persisted across multiple subgroups,
including those with tumor sizes > 2.0 cm and for those treated at high-volume facilities. In
the subset of patients with small tumor sizes < 2.0 cm, rates of OS were not significantly
different between SBRT and LTA. These findings are hypothesis-generating and warrant
further prospective evaluation of the comparative effectiveness of SBRT and LTA in early-
stage NSCLC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Non-Small Cell Lung Cancer
2004-2014 NCDB
n=1,393,073

\J

Invasive Squamous Cell Carcinoma or Adenocarcinoma
n=1,027,676

Y
Tumor Size £ 5c¢cm
cT1-2, cNO, cMO (drop if pT3-4, pN1-3, pM1)*

n = 210,466
Y
No Chemotherapy
n=178,061

A

SBRT or LTA without Surgery
n = 20,868

Y
Date of Last Contact or Death < 3 months

n = 15,792
I
Y Y
SBRT LTA
n = 14,651 n=1,141

Fig. 1.

ansort diagram of study population.

NOTE. Clinical and pathologic tumor staging as per the American Joint Committee on
Cancer 6t Edition for patients diagnosed from 2004 — 2009. Patients diagnosed from 2010 —
2014 were staged according to the 7" Edition.

Abbreviations: NCDB, National Cancer Database; cm, centimeter; cT, clinical tumor stage;
cN, clinical nodal stage; cM, clinical metastasis stage; pT, pathologic tumor stage; pN,
pathologic nodal stage; pM, pathologic metastasis stage; SBRT, stereotactic body
radiotherapy; LTA, local tumor ablation.
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LTA 1141 673 245 63 17 2 1 LTA13125 7020 1769 218 34 2 1
Fig. 2.

Kaplan-Meier analysis of overall survival by treatment modality for A) unadjusted and B)
propensity-score weighted cohorts.

NOTE. Number at risk in panel A represent actual numbers of patients at risk, whereas the
number at risk in panel B represent a pseudo-population generated after propensity-score
weighting the unadjusted population.

Abbreviations: SBRT, stereotactic body radiotherapy; LTA, local tumor ablation.
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ther 0.93 (0.62, 1.40
Charlson Comorbitity Score
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2012-2014 0.88 (0.72, 1.08
Overall 0.83 (0.73, 0.94)
Fig. 3.

Forest plot of propensity-score weighted subgroup analyses of overall survival by treatment

modality.

NOTE. Hazard ratios, 95% confidence intervals, and P values determined by univariate Cox

proportional hazards modeling of the propensity-score weighted cohort.
Abbreviations: No., number; HR, hazard ratio; Cl, confidence interval; cm, centimeter;

Clinical T Stage, clinical tumor stage as per American Joint Committee on Cancer 6th or 7th

Edition; SBRT, stereotactic body radiotherapy; LTA, local tumor ablation.
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Distribution of demographic and clinical characteristics among treatment groups.

Table 1

Characteristic SBRT LTA P

No. of patients 14,651 (93) 1141 (7) -
Follow-up, months <.001
Median 26.1 28.0

Range 3.0-148.7 3.0-144.4

Age. years 75 75 488
Range 26-90 32-90

i/leg(le 6,758 (46) 515 (45) 518
Female 7,893 (54) 626 (55)

Race <.001
Caucasian 12,905 (89) 1045 (92)

Other 1,651 (11)  85(8)

Charlson comorbitity score <.001
0 8,256 (56) 542 (48)

1 4,003 (27) 381 (33)

2 1,671 (11) 169 (15)

3+ 721 (5) 49 (4)

Facility type .019
Academic 6,400 (44) 539 (47)

Other 8,248 (56) 601 (53)

Facility treatment volume <.001
Lowest 90% 13,321 (91) 595 (52)

Highest 10% 1330 (9) 546 (48)

Tumor size, cm <.001
Median 2.1 18

Range 0.1-5.0 0.1-5.0

Tumor size, cm <.001
<20 6,924 (47) 695 (61)

2.1-3.0 4,781(33) 342 (30)

3.1-5.0 2,946 (20) 104 (9)

Histology 127
Squamous cell carcinoma 6,324 (43) 466 (41)
Adenocarcinoma 8,327 (57) 675 (59)

Grade .360
Well-differentiated 1,279 (18) 99 (18)
Moderately-differentiated 2,929 (42) 254 (45)
Poorly-differentiated 2,722 (39) 207 (37)

Clinical T stage <.001
cT1 11,439 (78) 1017 (89)
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Characteristic SBRT LTA P
cT2 3212 (22) 124 (11)
SBRT dose -
34Gyin1fx 60 (< 1) -
48 Gy in 3 fx 165 (1) -
45 Gy in 3 fx 151 (1) -
54 Gy in 3 fx 2,887 (20) -
50 Gy in 4 fx 1,278 (9) -
48 Gy in 4 fx 3,797 (26) -
55 Gy in 5 fx 720 (5) -
50 Gy in 5 fx 5593 (38) -
LTA type -
Laser/Cryotherapy - 564 (49)
Electrocautery/Fulguration - 97 (9)
LTA NOS - 480 (42)
Year of diagnosis <.001
2004 12(<1) 2502
2005 32(<1) 32 (3)
2006 114 (< 1) 54 (5)
2007 196 (1) 87 (8)
2008 439 (3) 122 (11)
2009 757 (5) 143 (13)
2010 1,435(10) 133 (12)
2011 1,906 (13) 162 (14)
2012 2,578 (18) 123 (11)
2013 3,299 (23)  135(12)
2014 3,883(27) 125 (11)

Note: Data presented as No. (%) unless otherwise noted. P values given by Pearson’s chi-squared and two-sided #tests for categorical and

continuous variables, respectively.

Page 15

Abbreviations: SBRT, stereotactic body radiotherapy; LTA, local tumor ablation; No., number; cm, centimeter; Clinical T Stage, clinical tumor

stage as per American Joint Committee on Cancer 6th or 7th Edition; Gy, gray; fx, fraction; NOS, not otherwise specified.
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Table 2

Multivariate logistic regression model of factors predictive of SBRT.

OR 95% CI P
Age 1.01 1.00-1.02 .035
Sex
Male Reference
Female 1.05 0.86-1.28 .655
Race
Caucasian Reference
Other 1.18 0.83-1.67 .362
Charlson comorbidity score
0 Reference
21 0.74 0.61-0.90 .003
Facility Type
Other Reference
Academic 2.94 2.30-3.75 <.001
Facility treatment volume
Lowest 90% Reference
Highest 10% 0.05 0.04-0.07 <.001
Tumor size 1.05 1.03-1.07 <.001
Histology
Squamous cell carcinoma Reference
Adenocarcinoma 1.04 0.84-1.29 .712
Grade
Well-differentiated Reference
Moderately-differentiated 0.84 0.63-1.13 .247
Poorly-differentiated 1.07 0.79-1.44 675
Clinical T stage
cT1 Reference
cT2 1.12 0.76-1.64 .564
Year of diagnosis 1.43 1.37-1.50 <.001

Note. Age (per year), tumor size (per centimeter), and year of diagnosis (per year) were treated as continuous variables.

Abbreviations: SBRT, stereotactic body radiotherapy; OR, odds ratio; Cl, confidence interval; Clinical T Stage, clinical tumor stage as per
American Joint Committee on Cancer 6th or 7th Edition.

Lung Cancer. Author manuscript; available in PMC 2020 December 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Ager et al. Page 17

Table 3

Doubly-robust estimation of overall survival with multivariate Cox proportional hazards modeling of the
propensity-score weighted cohort.

HR 95% CI P
Local therapy
LTA Reference
SBRT 0.71 0.59-0.85 <.001
Age 1.01 1.00-1.02 .003
Sex
Male Reference
Female 0.79 0.67-0.93  .005
Race
Caucasian Reference
Other 0.61 0.48-0.76 <.001
Charlson comorbidity score
0 Reference
21 1.07 0.91-1.26 .391
Facility Type
Other Reference
Academic 1.08 0.90-1.31 412
Facility treatment volume
Lowest 90% Reference
Highest 10% 0.77 0.63-0.94 .010
Tumor size, cm
<20 Reference
2.1-3.0 1.21 1.00-1.46 .051
3.1-5.0 1.76 1.15-2.71 .010
Histology
Squamous cell carcinoma Reference
Adenocarcinoma 0.83 0.70-1.00 .050
Grade
Well-differentiated Reference
Moderately-differentiated 1.39 1.02-1.89 .035
Poorly-differentiated 1.48 1.08-2.03 .015
Clinical T stage
cT1 Reference
cT2 1.02 0.68-1.54 .922
Year of diagnosis 1.03 0.99-1.08 .108

Note: Age (per year) and year of diagnosis (per year) were treated as continuous variables.

Abbreviations: HR, hazard ratio; Cl, confidence interval; LTA, local tumor ablation; SBRT, stereotactic body radiotherapy; cm, centimeter; Clinical
T Stage, clinical tumor stage as per American Joint Committee on Cancer 6th or 7th Edition.
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