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Abstract
Purpose: Stereotactic body radiation therapy (SBRT) use has increased among patients without pathologic confirmation (PC) of lung

cancer. Empirical SBRT without PC raises concerns about variation in workup and patient selection, but national trends have not been

well described. In this study, we assessed patterns of empirical SBRT use, workup, and causes of death among a large national non-

small cell lung cancer (NSCLC) cohort.

Methods and Materials:We identified 2221 patients treated with SBRT for cT1-T2aN0M0 NSCLC in the Veterans Affairs health care

system from 2008 to 2015. We reviewed their pretreatment workup and assessed associations between absence of PC and clinical and

demographic factors. We compared causes of death between PC and non-PC groups and used Cox proportional hazards modeling to

compare overall survival and lung cancer specific survival (LCSS) between these groups.

Results: Treatment without PC varied from 0% to 61% among Veterans Affairs medical centers, with at least 5 cases of

stage I NSCLC. Overall, 14.9% of patients were treated without PC and 8.8% did not have a biopsy attempt. Ten percent of

facilities were responsible for almost two-thirds (62%) of cases of treatment without PC. Of non-PC patients, 95.5% had

positron emission tomography scans, 40.6% had biopsy procedures attempted, and 12.7% underwent endobronchial

ultrasound. Non-PC patients were more likely to have cT1 tumors and live outside the histoplasmosis belt. Age, sex,

smoking status, and Charlson comorbidity index were similar between groups. Lung cancer was the most common cause of

death in both groups. Overall survival was similar between groups, whereas non-PC patients had better LCSS (hazard

ratio = 0.77, P = .031).
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Conclusions: Empirical SBRT use varied widely among institutions and appropriate radiographic workup was consistently used in this

national cohort. Future studies should investigate determinants of variation and reasons for higher LCSS among non-PC patients.

Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Stereotactic body radiation therapy (SBRT) is increas-

ingly used for definitive treatment of early stage non-small

cell lung cancer (NSCLC).1,2 It is considered the standard

of care for medically inoperable patients with early stage

node-negative disease,3 and studies show excellent local

control with relatively low toxicity in this population.4-6

Based on these results, SBRT has also been investigated as

an alternative to lobectomy in operable patients with early

stage NSCLC.7-12 Although pathologic confirmation (PC)

of NSCLC before SBRT is ideal, many early stage lung

tumors are difficult to biopsy owing to small size and/or

unfavorable location. In these instances, biopsies may be

nondiagnostic or not attempted owing to low likelihood of

success. In other patients, biopsies are avoided owing to

potential associated risks of major complications that are

associated with medical comorbidities, including chronic

obstructive pulmonary disease (COPD). In the absence of

PC of NSCLC, clinical and imaging characteristics are

used to assess the likelihood of malignancy and to guide

empirical treatment decisions.13-16

Multiple single-institution studies comparing SBRT

with and without PC have been reported with percentages

of non-PC cases ranging from 29% to 65%.17-21 This rate

appears to be much lower in general practice in the

United States, with reported values of 4.5% from the

National Cancer Database (NCDB) and 9.2% from the

Surveillance, Epidemiology, and End Results (SEER)

registries.22,23 No differences in overall survival (OS) or

local control between groups were observed in these stud-

ies, whereas the SEER study showed improved cancer-

specific survival in the non-PC group.23 A recent system-

atic review also found better lung cancer specific survival

(LCSS) in patients without PC relative to those with

biopsy-proven disease undergoing SBRT.24 Two-year

OS was better in those without PC, whereas 5-year OS

was the same in both groups. Although these findings are

important to consider when comparing outcomes from

surgery and SBRT in trials not requiring PC, they do not

provide information about the appropriate use of empiri-

cal SBRT, or how it is being implemented in practice.

The purpose of this study was to assess patterns of SBRT

use without PC for patients with early stage NSCLC in a

large national sample of veterans diagnosed within the Vet-

erans Affairs (VA) integrated health care system. The sub-

jective nature of risk-to-benefit analysis and the influence

of clinician experience on the decision to offer SBRT with-

out tissue confirmation may lead to substantial variability in
the use of empirical SBRT across institutions. Little is

known about this variability, as reported data on practice

patterns of empirical SBRT on a large scale are scarce. This

information, along with data regarding workup, survival

outcomes, and specific cause of death analysis in this popu-

lation could assist thoracic oncology practitioners when

faced with this clinical dilemma. We hypothesized that

treatment without PC would be common in this group of

patients who often have comorbidities that put them at

higher risk of complications from biopsies and/or surgery.

We aimed to assess variability among institutional use of

SBRT to identify predictors of treatment without PC and

hypothesized that a small number of facilities would be

responsible for the majority of cases of treatment without

PC. We also aimed to ascertain typical pretreatment workup

in this cohort to compare survival outcomes and specific

causes of death between patients with and without PC.
Methods and Materials
Patients and institutions

We identified patients with newly diagnosed American

Joint Committee on Cancer 7th edition stage I (T1-

T2aN0M0) NSCLC from 2008 to 2015 in the VA Corpo-

rate Data Warehouse (CDW),25 accessed through the VA

Informatics and Computing Infrastructure (VINCI). The

CDW provides both clinical data and administrative

claims, including diagnoses and current procedural termi-

nology (CPT).26 VINCI incorporates tumor registry data

from VA centers that are collected by trained registrars

according to American College of Surgeons standards. It is

estimated that 90% of incident cancers within the VA sys-

tem are captured within VINCI.27 Treatment with SBRT

was determined by a combination of claims data using

CPT codes for SBRT and radiation dose and elapsed days

consistent with SBRT (minimum 48 Gy in maximum 16

elapsed days). We included patients treated at any of the

20 VA facilities that offer SBRT28 and those treated out-

side the VA system. A subset of electronic health records

was reviewed to confirm that SBRT was used in 100% of

the identified cases. Single fraction SBRT use (eg, 34 Gy x

1) was extremely rare in this cohort.

Patients were divided into 2 groups based on the pres-

ence or absence of PC before SBRT as determined by the

cancer registrar-coded field on type of diagnosis (PC: his-

tologic or cytologic, non-PC: clinical or radiologic). The

percentage of cases without PC was determined for the

http://creativecommons.org/licenses/by-nc-nd/4.0/
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whole cohort and for each institution in which the diagno-

ses of NSCLC were made. For patients treated without

PC, biopsy attempts before empirical SBRT were deter-

mined using CPT codes. Biopsy procedures were identi-

fied from CPT codes for transthoracic needle lung

biopsy, bronchoscopy with brushings or biopsy, bron-

choscopy with cytology and brush, and surgical lung

biopsy. CPT codes were also used to determine use of

positron emission tomography (PET) scans and endo-

bronchial ultrasound in the year before treatment for all

patients. VA patients who had procedures or treatment

outside the VA system but paid for by the VA on a fee-

basis were also included, as they are captured by the

CDW with the same CPT codes.
Statistical analysis

We reported descriptive statistics for the overall cohort

and separately for facilities at or above and below the 90th

percentile for treatment without PC. Associations between

PC and clinical and demographic variables were assessed

using x2 tests for categorical variables and Student t tests

for continuous variables. Covariates included age, sex,

geographic location, tumor-stage, smoking status, Charlson

comorbidity index (calculated using CPT codes from the

year before diagnosis), primary payer at diagnosis, and VA

facility complexity score of the facility in which the diag-

nosis was made (not necessarily where treatment was pro-

vided).29 Complexity scores divide VA facilities into 5

levels based on patient volume, patient risk teaching, and

research, with lower numbers and letters representing

more complex facilities.29 For geographic location, the

fraction of patients from within the “histoplasmosis belt”

treated without PC was compared with that of patients out-

side this region.30 The number of patients with and without

PC were compared by year of diagnosis, and logistic

regression was used to assess for changes in this rate over

time. For patients without PC, the association between T-

stage and biopsy attempt was assessed using a x2 test.

The Kaplan-Meier method was used to generate OS

curves. For deceased patients, cause of death was estab-

lished using the National Death Index (NDI). Deaths

coded as “secondary malignant neoplasm” were included

in the lung cancer group, based on published results com-

paring death certificates and NDI.31 Cox proportional

hazards modeling was used to compare OS and LCSS

between PC and non-PC groups. Competing risk analysis

was performed using the Fine-Gray model, and cumula-

tive incidences of lung cancer death were compared

between the groups. Statistical analyses were performed

using SAS software, version 9.4 (SAS Institute, Cary,

NC). P values ≤ .05 from a 2-tailed test were considered

statistically significant.

This study was approved by the VA Ann Arbor

Healthcare System institutional review board.
Results
During the study period of 2008 to 2015, 2221 patients

with early stage NSCLC at 117 institutions were treated

with SBRT. The median number of cases diagnosed per

institution was 12 (interquartile range, 3-32). Three hun-

dred thirty patients (14.9%) received diagnoses without

PC with an institutional rate of 0% to 100% (median, 0%;

interquartile range, 0%-15%). When excluding 36 institu-

tions with fewer than 5 cases diagnosed, this range was

0% to 61% (median, 4%; interquartile range, 0%-15%)

(Fig 1). Of the 81 institutions with at least 5 cases diag-

nosed, 34 had no patients treated without PC. Biopsies

were attempted in 134 (40.6%) of non-PC patients,

whereas 196 (59.4%) patients were treated without an

attempt at biopsy. This represents 8.8% of the total cohort

who were treated without a pretreatment biopsy attempt.

Almost two-thirds (62%) of patients treated without PC

were treated at facilities whose rates of treatment without

PC were at or above the 90th percentile (90th percentile

represented a treatment without PC rate of 43.3%). When

separately considering facilities at or above versus below

the 90th percentile with respect to treatment without PC,

a greater proportion of patients was treated without a

biopsy attempt in the at or above 90th percentile group

(76%) compared with the below 90th percentile group

(51%). PET use was 98% versus 94% at facilities at or

above versus below the 90th percentile, respectively. The

number of SBRT treatments increased over time from

112 in 2008 to 453 in 2014 (Fig 2A). The percentage of

non-PC cases ranged from 11.0% in 2010 to 18.0% in

2015 (Fig 2B), with a significant trend for increasing pro-

portion over time (P = .0085).

Patient characteristics for both groups are shown in

Table 1. Most patients were men with a smoking history

and at least 1 major comorbidity. There were no signifi-

cant differences between PC and non-PC groups in terms

of age, sex, smoking status, or Charlson comorbidity

score. A higher percentage of patients in the PC group

had T2 tumors (23.6% compared with 10.9% in the PC

group, P < .0001) and lived within the histoplasmosis

belt (39.1% compared with 27.0% in the non-PC group,

P < .0001). Most patients in both groups had PET scans

before SBRT, whereas only a small percentage had endo-

bronchial ultrasound. Of the 330 non-PC patients, 21 of

36 patients (58.3%) with T2 tumors underwent biopsy

procedures compared with 113 of 294 patients (38.4%)

with T1 tumors (P = .02).

OS was not significantly different between PC and

non-PC groups (Fig 3A), with medians of 34 and 37

months, respectively (P = .29). Conversely, LCSS was

significantly higher in the non-PC group than in the PC

group (median 49 months vs 38 months, P = .031). This

is illustrated in Figure 3B, showing cumulative incidence

of lung cancer death curves generated using a competing



Figure 1 Distribution of non-pathologic confirmation (PC) cases by institution. Waterfall plot showing the range in percentage of ste-

reotactic body radiation therapy treatments without PC among the institutions that diagnosed at least 5 patients in the study, of which at

least 1 was treated without PC. An additional 34 institutions diagnosed at least 5 patients but none went on to receive SBRT without

PC. PC = pathologic confirmation; NSCLC = non-small cell lung cancer.
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risks model. Multivariable analyses demonstrated that

increasing age, T2a tumor stage, and Charlson score were

negatively associated with OS, whereas sex, smoking sta-

tus, PC, and PET scan use were not (Table 2). T2a tumor

stage, PC, and lack of PET scan were negatively associ-

ated with LCSS, whereas age, sex, smoking status, and

Charlson score were not (Table 2).

By the time of analysis, 1220 patients (55%) died:

56% of PC patients and 49% of non-PC patients (Table 3).

Lung cancer was the most common cause of death in both

groups (57% PC, 47% non-PC). Deaths due to other can-

cers were also more common in the PC group (9% vs

4%). COPD was the most common nonlung cancer cause

of death in the non-PC group at 21% compared with 9%

in the PC group. Percentages of deaths due to cardiovas-

cular disease, infection, and other causes were similar

between groups.
Discussion
In this study, we found that 15% of patients treated

with SBRT for early stage NSCLC in a large integrated

health care system were treated without PC. Among those

who were treated without PC, approximately 40% had

evidence of a biopsy attempt, and 96% had a fluorodeox-

yglucose-PET/computed tomography scan before treat-

ment. The use of empirical SBRT was highly variable

among medical centers, and a trend toward increasing

use over time was identified. The delivery of SBRT
without PC was lower in the histoplasmosis belt, where

benign nodules are expected to be more common. Ten

percent of facilities were responsible for almost two-

thirds of cases of treatment without PC. The analysis

identified a higher rate of LCSS in the cohort treated with

PC, although nearly half of deaths in the non-PC group

were attributed to lung cancer in the NDI despite early

stage disease and competing medical comorbidities.

The analysis found a higher rate of SBRT without PC

than previous SEER and NCDB studies.22,23 This may

have been because of a higher rate of comorbidities in the

VA health system, as 90% were found to have at least 1

major comorbidity. Higher rates of treatment without PC

may be appropriate among patients with greater comor-

bidities, as their risk of dying of untreated lung cancer

may remain high despite their comorbidities, but the risks

of sedation and pneumothorax may be substantially ele-

vated compared with patients with fewer comorbidities.

This may explain the higher rates of treatment without

PC within the VA system as a whole and may also con-

tribute to appropriate variation across facilities.

Our study found an increasing rate of utilization for

SBRT without PC over time, which was also shown in an

NCDB study.22 This may be due to experience with lon-

ger follow-up showing relatively little toxicity from

SBRT, especially for smaller peripheral tumors that are

challenging to biopsy or for patients with comorbidities

making them poor candidates for invasive procedures but

who are likely to tolerate SBRT without difficulty. To

our knowledge, institutional variability in the use of



Figure 2 Stereotactic body radiation therapy cases by year of diagnosis. Total number of stereotactic body radiation therapy cases A,

for early stage non-small cell lung cancer in the Veterans Affairs system by year of diagnosis and percentage of cases B, treated with-

out pathologic confirmation (PC). PC = pathologic confirmation; SBRT = stereotactic body radiation therapy.
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empirical SBRT has not previously been reported in a

national cohort, although the NCDB study showed that

geographic location and institution type were signifi-

cantly associated with treatment without PC. Reasons for

this variability should be further investigated, as should

the potential effect of this variability on patient out-

comes.

An additional finding that was unique in this study

regards information on radiographic workup and pretreat-

ment procedures that was not reported in prior national
database studies. The nearly universal employment of

PET scans before empirical SBRT is encouraging. PET

scans are important for limiting treatment of nonmalig-

nant nodules and can also help detect involved mediasti-

nal lymph nodes and/or distant metastatic disease that

may not be ideal to treat with SBRT.32 We did note, how-

ever, that 10% of facilities were responsible for almost

two-thirds of the cases of treatment without PC. At these

facilities, biopsies were less likely to be attempted among

patients treated without PC. Whether care is more or less



Table 1 Patient and tumor characteristics

PC (n = 1891) No PC (n = 330) P value

(n, %) (n, %)

Mean age (SD) 72.1 (8.6) 72.1 (8.6) .96

Sex .38

Male 1841 (97.4) 324 (98.2)

Female 50 (2.6) 6 (1.8)

Clinical T < .0001

T1 1444 (76.4) 294 (89.1)

T2a 447 (23.6) 36 (10.9)

Histology NA

Adenocarcinoma 828 (43.5) NA

Squamous cell 21 (1.1) NA

Mixed 784 (41.5) NA

Large cell 16 (0.9) NA

Other 242 (12.8) NA

Grade NA

1 95 (5.0) NA

2 281 (14.9) NA

3-4 344 (18.1) NA

Unknown 1171 (61.9) NA

Charlson index .61

0 200 (10.6) 30 (9.1)

1 719 (38.0) 131 (39.7)

2 230 (12.2) 35 (10.6)

3 387 (21.0) 65 (19.7)

≥4 345 (18.2) 69 (20.9)

Smoking status .18

Current 987 (52.2) 171 (51.8)

Former 808 (42.7) 151 (45.8)

Never 43 (2.3) 3 (0.9)

Unknown 53 (2.8) 5 (1.5)

Histoplasmosis belt < .0001

Yes 739 (39.1) 89 (27.0)

No 1,152 (60.9) 241 (73.0)

Workup

PET 1773 (93.8) 315 (95.5) 0.23

Biopsy NA 134 (40.6) NA

EBUS 301 (15.9) 42 (12.7) 0.14

Abbreviations: EBUS = endobronchial ultrasound; PC = pathologic confirmation; PET = positron emission tomography; SD = standard deviation.

Histoplasmosis belt includes: Alabama, Arkansas, Iowa, Illinois, Indiana, Kansas, Kentucky, Maryland, Mississippi, Nebraska, Oklahoma, Tennes-

see, Texas, Virginia, West Virginia, Washington DC.1
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appropriate at these facilities compared with others can-

not be discerned from our analysis. On one hand, these

facilities may be less likely to biopsy patients who are

acceptable candidates for biopsy, which could be driven

by resources or lack of availability of advanced technolo-

gies, like navigational bronchoscopy. On the other hand,

these facilities may be appropriately forgoing biopsies

among patients who are a high risk for complications and

instead treating them empirically before their tumors

progress to later stages. This distinction may be better

understood through the construction and analysis of pro-

spective registries that comprehensively collect data on

all patients with nodules that are suspicious for lung can-

cer, regardless of whether they ultimately undergo biopsy
or cancer-directed treatment. Ultimately, efforts should

be made to increase access to newer biopsy technologies.

However, when immediate technology and staffing limi-

tations substantially increase the risks of biopsy, treat-

ment without PC may still be the most preferable strategy

to mitigate risk compared with performing high-risk

biopsies or forgoing treatment altogether in patients with

high-risk nodules.

The improved LCSS rate in non-PC patients observed

in our study (hazard ratio [HR] = 0.78) is similar to the

findings in the systematic review by IJsseldijk et al24

(HR = 0.83) and the SEER study by Shaikh et al23

(HR = 0.81). The latter study similarly did not find an OS

difference between patients with or without PC on
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Figure 3 Outcomes by pathologic confirmation status. Overall survival A, and cumulative incidence of lung cancer death B, using com-

peting risks correction for patients with and without pathologic confirmation from Cox proportional hazard model adjusted for age, sex,

tobacco history, Charlson comorbidity index, endobronchial ultrasound use, and geographic location (histoplasmosis belt or not).
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multivariate analysis, whereas the former found

improved 2-year OS in the non-PC group but no differ-

ence in 5-year OS. Compared with the aforementioned

SEER study, the study cohort in the current analysis had

a higher rate of T1 tumors (89%) in the non-PC group

than the SEER study (78%); the percentage of T1 tumors

was not reported in the systematic review. Comparisons

between our study population and others are difficult

given lack of data on comorbidity scores, percent PET

scan use, and biopsy attempts. Specific causes of death

were not provided in the other studies. A potential expla-

nation for our survival results is that there was less lung

cancer death in the non-PC group owing to a component

of benign lesions and more death owing to lung disease

(particularly COPD) in this group, accounting for the

lack of OS difference. However, other unmeasured con-

founders may also contribute to this difference.

The decision of whether to pursue a biopsy or

employ SBRT without PC is complex, and the many

factors involved likely contributed to the wide range

in institutional rate of empirical SBRT observed in

this study. Patient and tumor characteristics in these

generally nonoperative candidates affect the likelihood

of successful biopsies and procedure risks. The poten-

tial of treating a nodule that is benign or not NSCLC

(eg, small cell lung cancer) must also be weighed

against the known poor survival rates for untreated

NSCLC.33 Facility level factors should also be consid-

ered, including availability of in-house biopsy, naviga-

tional biopsy, dedicated thoracic radiologist,

multidisciplinary thoracic tumor board, geographic

location, and physician experience with empirical

SBRT. Specific expertise in biopsy of lung nodules
that are small or in difficult locations to access can

also affect the decision to forego a biopsy.

The Empiric Radiotherapy for Lung Cancer Collabo-

rative Group published a review article on consideration

of empirical SBRT for noncentral tumors,34 including

recommendations based on size, risk of malignancy from

the Mayo Clinic calculator, PET avidity, and/or Lung-

Reporting and Data System.35 Comparison of the cumu-

lative incidence curves in our study suggests that approxi-

mately 85% of patients in the non-PC group had a natural

history similar to those with biopsy-proven NSCLC,

despite the likelihood of additional unmeasured con-

founders. Although treatment in our study occurred

before the publication of the review article, this rate is

consistent with their recommended pretest probabilities

of malignancy for empirical SBRT of small nodules

(>85% with positive PET scan).34 Our findings suggest

that cases are being carefully evaluated before empirical

treatment in this integrated health care system and pro-

vide information for other clinicians to consider when

faced with this common clinical dilemma.

Our study has several limitations that deserve mention.

These include a reliance on large cancer registries, a reli-

ance on retrospective data that may be misclassified

owing to coding errors, and potential confounding factors

not captured in the registry or the Charlson score. Fortu-

nately, the VA CDW allows access to the individual

patient medical records for verification purposes, and we

were able to validate the accurate coding of SBRT and

PC status for a subset of randomly selected cases. We

were unable to obtain results from pulmonary function

tests in our cohort of patients; however, prior studies

have shown better lung function in patients with



Table 2 Cox proportional hazards model for OS and LCSS

OS LCSS

Characteristic HR 95% CI P value HR 95% CI P value

Age 1.016 (1.009, 1.023) < .0001 1.003 (0.994, 1.013) .52

Sex

Male Ref Ref

Female 0.73 (0.49, 1.10) .14 0.81 (0.48, 1.36) .42

PC

No Ref Ref

Yes 1.1 (0.93, 1.30) .29 1.31 (1.03, 1.67) .031

T stage

T1 Ref Ref

T2a 1.27 (1.11, 1.45) .0005 1.56 (1.31, 1.85) < .0001

Smoking history

None Ref Ref

Current 0.99 (0.68, 1.45) .96 0.86 (0.52, 1.44) .57

Previous 0.95 (0.65, 1.39) .81 0.87 (0.52, 1.44) .58

Charlson index

0 Ref Ref

1 1.20 (0.97, 1.49) .097 1.19 (0.90, 1.57) .23

2 1.78 (1.39, 2.27) < .0001 1.48 (1.07, 2.05) .017

3 1.45 (1.16, 1.81) .0013 1.30 (0.97, 1.74) .08

≥4 1.76 (1.40, 2.22) < .0001 1.39 (1.03, 1.88) .033

PET

No Ref Ref

Yes 0.80 (0.64, 1.02) .067 0.69 (0.51, 0.93) .016

EBUS

No Ref Ref

Yes 0.94 (0.79, 1.11) .46 0.90 (0.71, 1.13) .36

Histoplasmosis belt

No Ref Ref

Yes 1.00 (0.89, 1.13) .98 0.91 (0.77, 1.06) .22

Facility complexity

1a Ref Ref

1b 0.98 (0.84, 1.15) .83 1.06 (0.86, 1.29) .60

1c 0.99 (0.85, 1.14) .86 0.94 (0.76, 1.15) .52

2 1.11 (0.89, 1.38) .34 1.07 (0.81, 1.41) .64

3 1.34 (0.88, 2.05) .17 1.70 (1.04, 2.77) .034

Primary insurance

VA/military/Tricare Ref Ref

Medicare/Medicaid 1.11 (0.98, 1.26) .10 1.15 (0.97, 1.36) .098

Private 0.97 (0.53, 1.77) .92 0.51 (0.20, 1.30) .16

Uninsured 1.18 (0.49, 2.86) .72 0.69 (0.15, 3.09) .63

Treatment year

2008 Ref Ref

2009 0.940 (0.72, 1.23) .6490 1.071 (0.74, 1.54) .7102

2010 0.962 (0.74, 1.26) .7760 1.150 (0.81, 1.64) .4359

2011 1.006 (0.78, 1.23) .9614 1.003 (0.71, 1.41) .9879

2012 0.879 (0.68, 1.13) .3177 0.880 (0.62, 1.24) .4690

2013 1.011 (0.78, 1.31) .9333 0.985 (0.70, 1.39) .9337

2014 0.879 (0.68, 1.14) .3382 0.898 (0.63, 1.28) .5495

2015 0.899 (0.67, 1.21) .4836 0.884 (0.59, 1.32) .5530

Abbreviations: CI = confidence interval; EBUS = endobronchial ultrasound; HR = hazard ratio; LCSS = lung cancer specific survival; OS = overall

survival; PC = pathologic confirmation; PET = positron emission tomography; VA = Veterans Affairs.
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PC.17,20,21 Given the higher rate of death due to COPD in

our non-PC patients, it is certainly possible that this

group had worse lung function, making them higher risk
for biopsy procedures. An advantage of the VA registry

is that it comes from an integrated health care system in

which nearly all patients treated inside and outside the



Table 3 Causes of death by PC status

Category PC (n = 1059) No-PC (n = 161)

Lung cancer 608 (57.4) 76 (47.2)

COPD 93 (8.8) 34 (21.1)

Other pulmonary 15 (1.4) 5 (3.1)

Cardiovascular 144 (13.6) 22 (13.7)

Other cancer 94 (8.9) 7 (4.4)

Infection 30 (2.8) 6 (3.7)

Other cause 75 (7.1) 11 (6.8)

Abbreviations: COPD = chronic obstructive pulmonary disease;

PC = pathologic confirmation.
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VA are captured. This allows for a more accurate deter-

mination of institutional variability and of changes in

use of SBRT without PC over time among this patient

population.

In summary, there is substantial variation across insti-

tutions in the use of empirical SBRT for patients with

early stage NSCLC in the VA central cancer registry, and

an overall increasing rate during our study period. Appro-

priate radiographic workup was used in this national

cohort, and a substantial minority of patients ultimately

treated without PC had biopsy attempts before SBRT.

Lung cancer death rates after SBRT are only slightly

lower in patients without PC, suggesting a low rate of

benign disease in these patients, which is in keeping with

current guidelines. Future studies should investigate

determinants of variation in the use of empirical SBRT,

including assessment of how availability of staging pro-

cedures and multidisciplinary tumor boards influence

decision making.
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