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Abstract

Purpose: Stereotactic Body Radiation Therapy (SBRT) is the standard of care for medically
inoperable patients with early-stage non-small cell lung cancer (NSCLC). However, NSCLC is
composed of several histological subtypes and the impact of this heterogeneity on SBRT
treatments has yet to be established.

Patients and Methods: We analyzed 740 early-stage NSCLC patients treated definitively with
SBRT from 2003 through 2015. We calculated cumulative incidence curves using the competing
risk method and identified predictors of local failure using Fine and Gray regression.

Results: Overall, 72 patients had a local failure with a cumulative incidence of local failure at
three years of 11.8%. On univariate analysis, squamous histology, younger age, fewer medical
comorbidities, higher BMI, higher PET SUV, central tumors and lower radiation dose were
associated with an increased risk of local failure. On multivariable analysis, squamous histology
(HR 2.4 p=0.008) was the strongest predictor of local failure. Patients with squamous cancers fail
SBRT at a significantly higher rate than those with adenocarcinomas or NSCLC-not otherwise
specified, with three-year cumulative incidences of local failure of 18.9% (95% Cl= 12.7-25.1%),
8.7% (95% Cl=4.6-12.8%), 4.1% (95% Cl= 0-9.6%), respectively.
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Conclusion: Our results demonstrate an increased rate of local failure in patients with squamous
cell carcinoma. Standard approaches for radiotherapy that demonstrate efficacy for a population
may not achieve optimal results for individual patients. Establishing the differential dose-effect of
SBRT across histological groups is likely to improve efficacy and inform ongoing and future
studies that aim to expand indications for SBRT.

INTRODUCTION

Clinical outcomes after surgery for patients with early-stage non-small cell lung cancer
(NSCLC) are favorable, with five-year survival rates ranging from 60 to 80%.1 However,
high rates of comorbid disease that could result in significant perioperative morbidity and
impact long-term quality of life often disqualify many patients from surgery. In this milieu,
non-invasive treatments like Stereotactic Body Radiotherapy (SBRT) to the lung were
developed and expanded. To date, several prospective Phase 1l trials using SBRT have been
conducted in medically inoperable patients with excellent results; namely, two to three year
local tumor control between 93-98%.2-4 These successes have established SBRT as the
standard of care in medically inoperable patients and studies have begun to explore a role for
SBRT in healthier patients with early-stage NSCLC.5-10

The use SBRT for NSCLC has been optimized by the identification of tumor and treatment
related factors that predict failure including larger tumor size and lower radiation doses.11-14
However, it remains unclear whether groups within NSCLC are more or less likely to
respond to treatments. NSCLCs are characterized by substantial genetic diversity and the
most optimal therapeutic approach is likely to vary based on the genetic features of
individual cancers.1516 Indeed, the stratification of NSCLC patients into more homogenous
populations has resulted in a greater likelihood of response to specific agents.1’=22 In the
same manner, histological and molecular profiling of tumors may reveal subpopulations that
are more or less likely to effect local control after SBRT. Elucidating the interaction between
radiation dose and NSCLC subtypes is critical to SBRT’s optimization for indications
beyond its current role in the treatment of early-stage, medically inoperable patients.

NSCLC is composed of two predominant histological subtypes, adenocarcinoma (~50%)
and squamous cell carcinoma (SqCC) (~30%).23 Histology appears to separate NSCLC into
more homogeneous subtypes?4 and there are important differences in the genetic and
microenvironments of tumors from glandular histologies (adenocarcinomas) compared to
squamous differentiation.15:16.25 Therefore, we posited that the histological subtypes of lung
cancer may impact the efficacy of SBRT. Herein, we used competing risk analysis to identify
tumor and treatment factors that are predictive of local failure after SBRT.

MATERIAL AND METHODS

Patients

From an IRB approved database of 1084 patients treated with lung SBRT from 2003-2015,
we included patients with clinical stages T1-T3NOMO (AJCC 7" Ed.) lung cancer and
excluded patients with tumors that invaded the chest wall, synchronous primary tumors and
cases treated with the intent to salvage recurrent tumor after prior radiotherapy or surgery.
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Patients were treated based on either a pathologic or radiographic diagnosis. A diagnosis of
lung cancer was confirmed by histological examination of biopsy specimens for 69.8% of
the patients studied. A general surgical pathologist or a pulmonary pathologist diagnosed
cases from 2003 to July 2014. A staff pulmonary pathologist classified all lung cancer cases
after July 2014. The World Health Organization classification system was used from 2003—
2011.26.27 After 2011, The International Association for the Study of Lung Cancer, the
American Thoracic Society, and the European Respiratory Society (IASLC/ATS/ERS)
classification system was used.2® In most cases, a diagnosis of adenocarcinoma and SqCC
was made based solely on morphologic criteria. A histological or immunohistochemical
(IHC) staining panel was used to better define the diagnosis if the morphology was not
distinctly squamous or adenocarcinoma. In some cases, this resulted in diagnoses of
NSCLC-favor adenocarcinoma or -favor SqQCC. These cases were grouped with their
respective “favored” diagnosis. NSCLC-not otherwise specified (NOS) was reserved for
cases with strong, concurrent features of both adenocarcinoma and SqCC and cases without
any definitive morphologic or IHC features of either adenocarcinoma or SqCC. Cases of
large cell carcinoma before 2011 were re-classified as NSCLC-NOS for consistency with the
current terminology.

In 30.1% (= 223) of patients that did not have a confirmed pathologic diagnosis, an
attempt at a biopsy was made in 39% (7= 87 or 11.8% of the overall population) without
confirmation of malignant disease. A radiographic diagnosis was established in cases where
a biopsy was contraindicated or was non-diagnostic. The criteria for a radiographic
diagnosis included serial growth of a single lesion on computed tomography (CT) scans and
positron emission tomography (PET) specific uptake values (SUV) that exceeded 3.0.

In all cases, an experienced thoracic surgeon and/or pulmonologist established medical
inoperability. For each patient, the Charlson Commorbidity Index (CCI) was documented to
assess comorbid illness and baseline pulmonary function testing was obtained. All patients
were staged using CT of the chest, PET/CT and imaging of the brain (magnetic resonance
imaging [MRI] or CT) was employed when clinically indicated. In cases where imaging
revealed mediastinal or hilar lymph nodes enlarged by accepted radiographic criteria or
where the standardized uptake value (SUV) exceeded a value of 3.0 on PET, pathologic
mediastinal evaluation with endobronchial ultrasonography-guided sampling (EBUS) was
requested.2? The use of chemotherapy after SBRT in patients considered at risk for distant
failure was not routinely recommended given patient comorbidities. A small fraction of
patients did receive chemotherapy (8.8%) at the discretion of the multidisciplinary treatment
team.

Our institutional approach for lung SBRT consists of immobilization in a Bodyfix (Elekta,
Stockholm, Sweden) vacuum system with abdominal compression to restrict breathing
motion, which is evaluated by fluoroscopy.30 In cases where motion could not be adequately
restricted to less than 1 cm, Active Breathing Coordinator (Elekta, Stockholm, Sweden) was
used. Tumors within a 2-cm expansion of the tracheobronchial tree were categorized as
central.31 Our institutional SBRT approach used a risk-adapted approach.32 Initially, all
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patients received 50 Gy in five fractions. When the RTOG 0236 trial commenced, we elected
to treat eligible patients with peripheral tumor to 60 Gy in three fractions as per protocol and
continued to treat central tumors to 50 Gy in five fractions. In total, 70.8% of all patients
analyzed received 50 Gy in five fractions or 60 Gy in three fractions (45.3% and 25.5%,
respectively). Alternative fractionations [30 Gy in a single fraction (10%), 34 Gy in a single
fraction (6.5%), 48 Gy in 4 fractions (7.3%), and other fractionation schemes (5.9%)] were
employed for patients enrolled on clinical trial or if constraints for our standard fractionation
schedules could not be met. Dose prescription and normal tissue constraint guidelines from
national protocols including RTOG 0813, 0236, and 0915, and a protocol from the Roswell
Park Cancer Institute at Buffalo, NY were used. All treatment plans were normalized to
either the dose at the isocenter or maximum point dose. The dose was prescribed to an
isodose line between 60-90% so that the PTV receives at least 95% coverage and the
minimal dose to the PTV (D99) is 90% of the prescription. Heterogeneity correction was
applied in dose calculations except for dose schemes of 60 Gy in three fractions and 30 Gy
in a single fraction; these plans were calculated assuming homogeneous density within the
patient. Patients were treated on a Novalis Platform (BrainLab, Munich, Germany) or
NovalisTX (Varian Medical Systems, Palo Alto, CA) using either step and shoot IMRT,
dynamic arc or, very rarely, volumetric arc therapy technique. Daily image guidance was
performed with an orthogonal KV imaging (ExacTrac, BrainLab, Munich, Germany) with
the addition of cone beam CT image guidance after 2011.

Local failure was defined as either radiographic progression with or without positive biopsy
within 1 cm of the PTV to maintain a consistent definition of local/marginal failure in
clinical trials of SBRT.3433 CT scan(s), followed by at least one PET/CT, determined
radiographic progression. In cases in which PET/CT revealed a value below the initial pre-
treatment PET/CT scan, another PET/CT scan was obtained. A maximum SUV exceeding
the initial pre-treatment PET scan or serial increases in SUV on post-treatment PET scan
was considered a local failure. If PET/CT findings were consistent with failure, a biopsy was
requested. A diagnosis of recurrent disease was confirmed histologically in 40.3% of the
patients with local failure. All other patients were either medically unfit or unwilling to
undergo a biopsy or the lesion was deemed to be inaccessible by a staff radiologist and/or
pulmonologist. In these cases, a diagnosis of recurrence was made on the basis of
radiographic progression alone. PET/CTPET/CTFailures within the same lobe of the lung
but greater than 1 cm from the PTV of the initial treatment site were defined as lobar failure
and was not considered in this analysis.

Statistical Analysis

Tumors were grouped into four categories: adenocarcinomas, SqCCs, unknown and
NSCLC-NOS. The unknown group included patients that did not undergo a tissue biopsy
and those with a non-diagnostic biopsy. The NSCLC-NOS group included patients with
large cell carcinoma (before 2011) and NSCLC-NOS. Prescription radiation dose was
adjusted for the number of fractions of radiation by calculating the biological equivalent
dose (BED) with a standard a/p ratio of 10. BED RT dose was modeled as a categorical
variable given its skewed distribution of prescription doses. Length of follow up was
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determined from end date of SBRT and patients who had not died were censored at the time
of last chest imaging. Confidence intervals of the proportions were calculated by the Clopper
and Pearson exact test. Confidence intervals of the median times to local failure were
calculated by quantile estimates of the binomial distribution. Death without evidence of
local failure was treated as a competing event, and Fine and Gray regression modeling was
used to examine potential predictors of local failure. Age at the time of radiotherapy, gender,
body mass index, current smoker status, CCI, PET/CT (SUV), tumor size, biologically
effective dose and histological categories were subjected to univariate analyses. Variables
with a p-value < 0.1 were included in a multivariable model. Cumulative incidence curves
for local failure were estimated using the competing risk method, and Gray’s test was used
to determine significance between cumulative incidence curves.3# Actuarial analysis was
used to estimate rates of overall survival and the Kaplan-Meier method was used to generate
overall survival curves. Statistical analysis was performed using SAS v9.4 (SAS Inc., Cary,
NC) and R 3.2.4 (The R Foundation, Vienna, Austria).3>

Patient Characteristics

740 patients met our eligibility criteria. The median survival time for the group as a whole
was 30.5 months, with 1-, 2-, and 3- year actuarial rates of OS of 80.3% (95% confidence
interval (Cl)= 77.3- 83.3%), 59.6% (95% Cl=55.7- 63.5%), and 43.0% (95% Cl= 38.7—
47.3%), respectively (Supplemental Figure 1). Adenocarcinoma, SqCC, unknown and
NSCLC-NOS represented 32%, 29%, 30% and 8% of the overall population, respectively
(Table 1). Patients were well balanced for patient age, gender, body mass index,
performance status, length of follow up and radiotherapy dose. Only 9 patients (1.2%) did
not undergo PET staging; one of these patients underwent mediastinal staging by EBUS.
Patients with SqCC and in the unknown group consumed more tobacco in pack years
(1=0.019) and patients in the unknown group had a higher CCI (p=0.041). Patients with
SqCC were more likely to have tumors of larger size (p<0.001) and with higher PET SUV
(0<0.001). The median follow-up overall was 15.5 months (IQR: 6.5-29.6). The median
follow-up for SqQCC, Adeno, unknown and NSCLC-NQOS in months were 17.5 (IQR: 7.5—
30.4), 13.6 (IQR: 5.0-27.9), 15.6 (IQR: 7.9-30.5) and 17.5 (IQR: 4.9-30.3), respectively,
and were not significantly different (o= 0.23; calculated by the non-parametric test of
medians). Among the 8.8% of total patients who received chemotherapy, there were no
substantial differences in the percent of patients receiving chemotherapy by histology: SqCC
10.2%, adenocarcinoma 9.1%, unknown 8.1% and NOS 5.1%.

Tumor Control and Patterns of Recurrence

A total of 72 local failures were identified with a cumulative incidence of local failure at 3
years of 11.8% (95% Cl=9.1-14.5%) in the overall population. 90.3% of local failures were
observed to occur within 25.1 months of initial treatment (Figure 1a). The median times to
local failure for SQCCs and adenocarcinomas in months were 14.9 (95% C1=11.4-17.2) and
18.9 (95% CI: 11.9-20.1), respectively (Figure 1b). The proportion of local failure for
patients with SqCC, adenocarcinoma, unknown and NOS were 15.3% (95% CI=10.8-
20.9%), 7.4% (95% Cl=4.4-11.4%), 8.5% (95% CI1=5.2-13.0%) and 3.4% (95% CI=0.004—
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11.7%), respectively. The 1-, 2-, and 3-year actuarial rates of local failure for the group as a
whole were 4.2%, 14.6%, and 16%, respectively. 54.2% (95% CIl=42.0-65.9%) of patients
with local failure experienced a nodal or distant metastasis, whereas 21.1% (95% CI=18.1-
24.4%) of patients with local control experienced nodal or distant failure. The increased rate
of nodal or distant metastasis associated with local failure did not vary based on histological
categories (Supplemental Table 1). Taken together, SqQCCs have a higher proportion of local
failure than other lung cancer subtypes and the rate of nodal or distant metastases is
significantly higher in patients who have a local failure than those with no evidence of local
failure, suggesting that local failure is associated with nodal and/or distant recurrence.

Predictive Factors

On univariate competing risk analysis, we demonstrated that squamous histology, younger
age, fewer medical comorbidities, higher BMI, higher PET SUV, central tumors, and lower
radiation dose were associated with an increased risk of local failure (Table 2). On
multivariable analysis, squamous histology (HR 2.4, 95% Cl= 1.3-4.5, p= 0.008) was the
strongest predictor of local failure (Table 3). Lower radiation dose (HR 0.99, p = 0.008) and
higher BMI (HR 1.07, p=<0.001) remained significantly associated with local failure.
Estimated cumulative incidence curves (CICs) for death and local failure for each lung
cancer histology group are shown in Figure 2. Gray’s test for equality across histological
groups was highly significant for local failure (p=0.002). Patients with squamous cancers
fail SBRT at a significantly higher rate than those with adenocarcinomas or NSCLC-NOS,
with three-year cumulative incidences of local failure of 18.9% (95% Cl= 12.7-25.1%),
8.7% (95% Cl=4.6-12.8%) and 4.1% (95% Cl= 0-9.6%), respectively. Gray’s test for
equality across the groups was not statistically significant for death (p=0.07), although the
probability of death appeared to trend higher in the NSCLC-NOS group.

We plotted CICs for categories of radiation dose to assess the role of dose in local failure
and generally observed a directly proportional increase in local control as a function of BED
dose category (Supplemental Figure 2). Although patients treated to a BED of 149.6 Gy,
which corresponded to a single fraction of SBRT at a dose of 34 Gy, fell below the trendline,
they represented a small number of the patients treated (/=46). The two most common
schedules used institutionally were 50 Gy in five fractions and 60 Gy in three fractions, or a
BED of 100 and 180 Gy, respectively. To assess the impact of dose on local control between
histological categories, we compared the CICs of adenocarcinomas and SqCCs within the
two dose subgroups (100 Gy and 180 Gy BED) (Figure 3). Gray’s test for equality between
the two histological groups was not statistically significant for local failure in the 180 Gy
BED group (p=0.33), but was significant in the 100 Gy BED group (p=0.021). The three-
year cumulative incidence of local failure for patients treated to a lower dose of 100 Gy BED
was significantly higher in SqQCCs (24.9%, 95% Cl= 14.7- 35.1%) compared with
adenocarcinomas (12.1%, 95% Cl= 5.4— 18.9%). We examined the effect of histology on
local control within the 100 Gy BED group by univariate competing risk subgroup analysis
of T2 and T1 tumors (Supplemental Table 2). Within the T2, BED 100 Gy subgroup, SqCCs
were more likely to fail compared with adenocarcinomas (HR 10.3, p=0.02). Taken
together, these results indicate that SqCCs are significantly more likely to fail compared with
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adenocarcinomas at the frequently used dose of 100 Gy BED and that the inferior local
control rate is not explained solely by the larger tumor size of SqCCs.

DISCUSSION

Our results demonstrate that SqCCs have a significantly higher rate of local failure after
SBRT than other NSCLCs. The local failure rate for SQCCs was 2-fold higher than
adenocarcinomas. The three-year cumulative incidence of local failure for SqQCCs was
~19%. For patients receiving the most frequent regimen of 50 Gy in five fractions, the
cumulative rate of failure was ~25%. These results suggest that SQCCs are more resistant to
SBRT than other NSCLCs. The clinically significant implication of our study is that SBRT
treatments should be optimized on the basis of histology.

Our study’s three-year local tumor control rate of 88.2% is comparable to published values.
2-4.29 The strengths of this study include the large number of patients evaluated, the
homogeneity of treatment delivery, the extent of pathologic confirmation of NSCLCs, the
length and extent of radiographic follow-up, and the completeness of the dataset. Although
we addressed possible confounding factors in our analyses, we cannot fully account for all
potential causes of biases. For example, a selection bias could have favored
adenocarcinomas since they can be more likely to be peripheral and able to receive the
higher radiation dose of 180 Gy BED. However, we did not find any evidence to that effect.
There was no statistical difference in the proportion of central to peripheral tumors or the
dose of radiation between adenocarcinomas and SqCCs (Table 1) and central tumors were
not significantly more likely to experience local failure than peripherally located tumors
(Table 3).

This study is the first demonstration of a histological basis for local failure after SBRT.
Previous prospective and retrospective data have not identified differential local failure rates
for SqCCs compared to other NSCLCs.32:36-40 pytative explanations include the smaller
number of patients evaluated, insufficient pathologic confirmation of disease, a low
proportion of SqCCs, and the apparent lack of evaluation of histology as a predictor of
failure in those studies. In our study, 215 patients (29%) had a confirmed diagnosis of
SqCCs, which to our knowledge is among the largest studies of SqCCs treated with SBRT to
date.

Several questions remain to be answered. First, it is unclear why SqCCs are more likely to
fail SBRT compared to adenocarcinomas. Genetic and/or microenviromental features may
account for some of these differences. For example, SqCCs have distinct patterns of somatic
alterations, a propensity for a higher mutational burden and a higher metabolic rate resulting
in hypoxia; some or all of these features may contribute to radioresistance.*1~43 Second, it is
unclear why a subset of SqCCs fails SBRT. Comparative genomic evaluation of SqCCs that
fail and those that do not may help elucidate the precise regulators of resistance and guide
the selective reversal of that resistance by targeted therapies. Thirdly, it appears that higher
doses of radiation may reduce the probability of failure after SBRT. However, dose-
escalation needs to be balanced against toxicity, especially for central tumor located in close
proximity to organs at risk.3 Alternative fractionation and dose schemes that increase BED
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while minimizing acute and delayed toxicity may optimize local control in cases where
toxicity is a concern.

In conclusion, although highly effective in a diverse population of NSCLCs, SBRT can
result in an unacceptably high local failure rate in patients with SQCCs. These findings
should help motivate an evolution of SBRT from a generic population-based approach

toward more nuanced patient selection and treatments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Probability density histogram(s) and curve(s) of time to local failure. (a) Overall (a) and by

(b) Adeno= adenocarcinoma and SqCC= squamous cell carcinoma.
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Figure 2.

Estimated cumulative incidence curves with overall mortality and local failure for three
categories of lung cancer. SqQCC= squamous cell carcinoma; Adeno= adenocarcinoma;
Unknown=no or non-diagnostic biopsy; NOS=NSCLC-not otherwise specified.
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Figure 3.

Estimated cumulative incidence curves with overall mortality and local failure as competing
events for adenocarcinomas and squamous cell carcinoma for patients receiving a BED of
100 Gy (a) and 180 Gy (b). Adeno= adenocarcinoma; SqCC= squamous cell carcinoma.
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Table 1.
Baseline characteristics of the study population.
Overall Adeno SqcCcC Unknown NSCLC-NOS p
n 740 243 215 223 59
Characteristic No. of Patients No. of Patients No. of Patients No. of Patients No. of Patients
(%) or median (%) or median (%) or median (%) or median (%) or median
[1QR] [IQR] [IQR] [1QR] [IQR]
Gender 0.339
Female 379 (51.2) 125 (51.4) 101 (47.0) 118 (52.9) 35 (59.3)
Male 361 (48.8) 118 (48.6) 114 (53.0) 105 (47.1) 24 (40.7)
Ethnicity 0.407
White 615 (83.3) 197 (81.4) 179 (83.3) 186 (83.8) 53 (89.8)
Black 105 (14.2) 36 (14.9) 32 (14.9) 32 (14.4) 5(8.5)
Asian /Pacific Islander 7(0.9) 4(1.7) 0(0.0) 3(1.4) 0 (0.0)
Hispanic/Latino 6(0.8) 4(1.7) 2(0.9) 0(0.0) 0(0.0)
Other 3(0.4) 1(0.4) 0(0.0) 1(0.5) 1(L7)
American 1(0.1) 0 (0.0) 1(0.5) 0(0.0) 0 (0.0)
Indian/Alaskan
Native
Multi-racial, -cultural 1 (0.1) 0 (0.0) 1(0.5) 0(0.0) 0 (0.0)

Age (years)
Tobacco (pack years)
KPS
BMI (kg/m?)
CClI
Reason for Inoperability
Cardiac
Multifactorial
Other
Other Malignancy
Poor KPS
Pulmonary
Refused
Vascular
Unknown
Lung Cancer Histology
Adeno
sqcc
No biopsy
Non-diagnostic biopsy
NSCLC-NOS
Tumor Location
Peripheral

Central

74.7[68.4, 81.3]
50.0 [30.0, 67.0]

80.0 [70.0, 90.0]
26.0 [22.6, 30.1]
3[1,4]

103 (13.9)
21(2.8)
9(1.2)
72(9.7)
22 (3.0)
438 (59.2)
41 (5.5)
30 (4.1)
4(0.5)

243 (32.8)
215 (29.1)
136 (18.4)
87 (11.8)
59 (8.0)

562 (75.9)
172 (23.2)

75.0 [68.6, 81.2]
44.0[25.0, 60.0]

80.0 [70.0, 90.0]
26.0 [22.6, 30.5]
2[1,4]

35 (14.4)
6 (2.5)
2(0.8)

24 (9.9)
9(3.7)
138 (56.8)
17 (7.0)
11 (4.5)
1(0.4)

184 (75.7)
55 (22.6)

74.5[68.9, 81.8]
50.0 [30.0, 65.0]

80.0 [70.0, 85.0]
25.8 [22.6, 29.6]
2[1,3]

29 (13.5)
13 (6.0)
1(0.5)

19 (8.8)
7(3.3)
127 (59.1)
11(5.1)

6 (2.8)
2(0.9)

159 (74.0)
56 (26.0)

74.7[68.1, 80.8]
50.0 [31.5, 75.0]

80.0 [70.0, 90.0]
26.5[22.5, 30.5]
3[2,4]

32 (14.3)
1(0.4)
5(2.2)

25 (11.2)
6(2.7)
133 (59.6)
10 (4.5)
10 (4.5)
1(0.4)

176 (78.9)
47 (21.1)
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73.0 [66.9, 80.8] 0.772

45.0[20.0,6001  g019*

80.0[70.0,80.0]  0.232
26.6[22.8,29.7]  0.727
2[L3] 0.041%
0.431
7 (11.9)
1(L7)
1(L7)
4(6.8)
0(0.0)
40 (67.8)
3(5.1)
3(5.1)
0(0.0)

0.059
43 (72.9)
14 (23.7)
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Overall Adeno SqCC Unknown NSCLC-NOS p

Unknown 6(0.8) 4(1.6) 0(0.0) 0(0.0) 2(3.4)

Tumor Size (cm) 2.2[1.7,3.1] 2.3[18,3.2] 2.7[1.9, 4.0] 1.9[1.4,2.5] 2.47[1.8,3.1] <0.001%
PET/CT (SUV) 7.6[4.3,11.8] 5.8 3.6, 9.6] 11.1[7.8,16.2]  6.2[4.0, 10.0] 7.3[4.8,11.7] <0001%
T Classification <0.001 %
Tia 305 (41.3) 84 (34.6) 69 (32.1) 128 (57.4) 21 (35.6)

Tib 248 (33.5) 93 (38.2) 64 (29.8) 71 (31.8) 23(39.0)

T2a 148 (20.0) 58 (23.9) 53 (24.7) 22 (9.9) 15 (25.4)

T2b 37 (5.0) 9(3.7) 26 (12.1) 2(0.9) 0(0.0)

T3 3(0.4) 0(0.0) 3(14) 0(0.0) 0(0.0)

Overall Stage <0.001%
1A 546 (73.8) 174 (71.6) 131 (60.9) 198 (88.8) 43(72.9)

B 152 (20.5) 59 (24.3) 54 (25.1) 22 (9.9) 16 (27.1)

1A 40 (5.4) 9(3.7) 29 (13.5) 2(0.9) 0(0.0)

1B 2(0.3) 1(0.4) 1(0.5) 1(0.4) 0(0.0)

Total Dose 50 [50, 60] 50 [48, 57.5] 50 [50, 60] 50 [48, 60] 50 [50, 60] 0.31
No. of Fractions 5.0[3.0,5.0] 5.0 [3.0, 5.0] 5.0 [3.0, 5.0] 4.0[3.0,5.0] 4.0[3.0,5.0] 0.121
BED 105 [100, 180] 106 [100, 150]  105[100,150]  105.6 [100, 180] 105.6 [100, 180]  0.797

Continuous variables are represented as median [IQR].

Abbreviations: BED, biologically effective dose; BMI, body mass index; CCI, Charlson comorbidity index; IQR, inter-quartile range; KPS,
Karnofsky performance status; NSCLC-NOS, non-small cell carcinoma-not otherwise specified; OS, overall survival; SUV, standardized uptake

values.

p values were calculated using Fisher’s exact for categorical variables and by the non-parametric test of medians for continuous variables.

*
pvalue of < 0.05 was considered statistically significant.
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Table 2.
Predictors of local failure in univariate analysis.
HR 95% L 95% U p

Age 0972 0949 0995  go191%
Gender (Female v. Male) 1.061 0.669 1.683 0.8006
BMI 1057 1024 1091  gggo7*
Current Smoker (Nov. Yes)  1.385 0.746 2.572 0.3019
CClI

0-1v.>3 1722 0.795 3.732 0.1685

2-3v.>3 2605 1311 5179  gqoe3*

0-1v.2-3 0.661 0.384 1.139 0.1359
PET SUV 1035 1005 1065  (g203*
Central Tumor (Yes v. No) 1742 1073 2825  o246™
CT Size 1.164 0.988 1.371 0.0691
T stage (TLv. TZ)# 0.829 0.499 1.376 0.4677
Histology

SqCC v. Adeno 2321 1317 4089  gqo36*

SqCC v. NSCLC-NOS 5.660 1.380 23223 90161 "

SqCC v. Unknown 1996 1.133 3.517 0.0168*

Adeno v. NSCLC-NOS 2439 0574 10.356  0.2268

Adeno v. Unknown 0.860 0.452 1.637 0.6463

NSCLC-NOS v. Unknown  0.353  0.083 1.495 0.1572
BED (continuous) 0.985 0.977 0.994 0.0009 ¥
BED (categorical)

100 v. 180 3913 1703 8994  ggo13*

105-106 v. 180 3262 1148 9267  gq65*

120-125v. 180 1.940 0.600 6.273 0.2682

149.6 v. 180 3748 1171 11998  g260*
BED (two groups only)

100 v. 180 3917 1703 9.007  (go13*

Page 16

Abbreviations: Adeno, adenocarcinoma; BED, biologically effective dose; BMI, body mass index; CCI, Charlson comorbidity index; CT, computed
tomography; NSCLC-NOS, non-small cell carcinoma-not otherwise specified; SqQCC, squamous cell carcinoma; SUV, standardized uptake values.

Three patients with stage T3 disease were excluded from this analysis.

*
pvalue of < 0.05 was considered statistically significant.
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Table 3.
Predictors of local failure in multivariable analysis.
HR 95% L 95% U p

Age 0.985 0.964 1.008 0.1943
BMI (kg/m?) 1.066 1.029 1.105 0.0004
Ccl

0-1vs>3 1419 0.63 3.197 0.3986

2-3vs>3 2127 1029  439% 00416

0-1vs2-3 0.667 0.378 1.178 0.1632
CT Size 1.049 0.858 1.283 0.6397
PET/CT SUV 1.006 0.968 1.046 0.7523
Central Tumor (Yes v. No) 1.067 0.589 1.93 0.8312
Histology

SqCC v. Adeno 2377 1.251 4.515 0.0082*

SqCC v. NSCLC-NOS 4705 1.221 18.129  .0244%

SqCC v. Unknown 1.808 0.951 3.435 0.0707

Adeno v. NSCLC-NOS 1.98  0.486 8.056 0.3403

Adeno v. Unknown 0.761 0.37 1.562 0.4562

NSCLC-NOS v. Unknown 0.384  0.096 1.541 0.177
BED 0.986 0.976 0.996 0.0079™

Page 17

Abbreviations: Adeno, adenocarcinoma; BED, biologically effective dose; BMI, body mass index; CCI, Charlson comorbidity index; CT, computed
tomography; NSCLC-NOS, non-small cell carcinoma-not otherwise specified; SqCC, squamous cell carcinoma; SUV, standardized uptake values.

*
pvalue of < 0.05 was considered statistically significant.
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