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ABSTRACT

Purpose/objectives: Outcomes of T2NO lung cancer patients treated with stereotactic radiotherapy
are not well known.

Methods and materials: We conducted a single institution retrospective review of patients with
T2NO NSCLC who were treated with SBRT. The local, regional, distant control rates were calculated
from available clinical data. Survival outcomes were determined using the Kaplan Meier method.

Results: Fifty-six patients met our selection criteria. The two-year local control rate was 84.2%. The
two and 5-year disease-free survival (DFS) and OS were 31.9% and 15.3% and 39.9% and 12.1%,
respectively. Centroid BED, > 150Gy was associated with improved DFS, (p = 0.014), and OS on
univariable analysis (p=0.0132).

Conclusions: SBRT provides good local control for T2NO NSCLC, but systemic failure remains
problematic.

Keywords: Radiosurgery, carcinoma, non-small-cell lung cancer, treatment outcomes, retrospective
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INTRODUCTION

Lung cancer is the second most common form of
cancer in the United States with 234,000 cases annu-
ally and 154,000 deaths (1). Non-small cell lung cancer
(NSCLC) is the predominant histologic subgroup, and
is identified in 75-80% patients (1). Lobectomy is the
preferred treatment modality for early stage (T1-T2)

NSCLC, with a 5-year survival rate of 60-80% (2—4).
In the last two decades, high dose conformal stereo-
tactic body radiotherapy (SBRT) has become the pre-
ferred choice for medically inoperable patients with
early stage NSCLC (5). SBRT utilizes sharp dose gra-
dients to deliver highly conformal radiation dose to the
tumors. Early phase I dose escalation trials had shown
SBRT to be safe and effective in medically inoperable
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stage I-II NSCLC patients (6,7). In a multicenter phase
II trial, SBRT produced local control rates greater than
80%, and overall survival rate of 55.8% at 3 years (7).
Long term follow-up demonstrated primary tumor fail-
ure rates of 7%, and a local regional failure rates of
38% (8). The rates of disease free and overall survival
at 5 years were 26% and 40% respectively (8). Recent
data shows that SBRT of centrally located tumors pro-
duces two year local control rates of 87.9%, 72.7%,
and progression free survival of 54.5% (9). Other stud-
ies showed that SBRT produces three year local con-
trol rates of 70 to 90%, and two year survival rates of
50-70% (2,10,11). Based on these and similar studies,
SBRT has become the favored treatment modality for
early stage (T1-T2) NSCLC patients who are medically
inoperable.

Only a few retrospective series specifically looked at
use of SBRT in T2 tumors. Surgical series have shown
though that larger tumor sizes tend to have worse five
year overall survival following lobectomy (12). In addi-
tion, larger tumor size have higher distant failure rates
(12). Immerman et al found a 11% local failure rate and
a 40% distant failure rate in a surgical series of tumors
greater than 5 cm in size (13). Additional studies includ-
ing pT2 and pT3NO patients showed 5-year OS of only
40 to 50%(14-16).

Larger or T2 tumors are often included with smaller
sized tumors in SBRT trials. However, the outcome of
only T2 or larger tumors has not been extensively reported.

Only few single institution reports have shown that
SBRT treatment of tumors greater than 5 cm is safe,
with local control rates of greater than 70-90%, but sig-
nificantly higher distant failure rates (17). Another ret-
rospective multi-institutional study of SBRT for tumors
greater than 5 cm showed two-year local control rates
of greater than 70% (18). Given the limited data on the
outcome of larger or T2 tumors using SBRT, we under-
took a retrospective analysis of our T2NO NSCLC lung
cancer patients treated with SBRT to assess the failure
patterns and survival outcome of these patients.

MATERIALS AND METHODS

Patients

Utilizing an Institutional Review Board approved
study (University Hospitals ID: CHRV0081), we iden-
tified patients with clinically or pathologically staged
T2NO NSCLC tumors who had undergone SBRT at
University Hospitals Cleveland Medical Center from
2008-2013. Tumors were classified using clinical and
radiographic information using the 7% edition of the
American Joint Committee on Cancer staging system.
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Histologic information was available for tumors
prior to beginning radiation treatment. All cases were
presented in our multidisciplinary thoracic tumor board.
Only patients with tumors greater than or equal to 3 cm
in size were included in this analysis.

Relevant studies included computed tomography
(CT) scans of the chest, ['*F]-fluorodeoxyglucose
positron emission tomography (FDG-PET/CT), and
magnetic resonance imaging (MRI) of the brain. All
patients were treated using the Cyberknife SBRT sys-
tem. Patients had fiducial placement for tumor tracking
seven to ten days prior to their treatment planning CT
scan. Four dimensional CT scans were used to account
for tumor motion during treatment planning. Direct
tumor motion tracking was performed during treatment
using the Cyberknife Synchrony system.

Treatment plans were reviewed to collect prescrip-
tion dose, prescription isodose line, gross tumor vol-
ume (GTV), and planning target volume (PTV). The
GTV was isotropically expanded by 5 to 7 millimeters
to obtain PTVs. Prescription biological effective dose
(BED) was calculated using a tumor alpha-beta ratio of
10 (BED, ). Centroid BED  was defined as the calcu-
lated BED of the maximum point dose of the plan using
a tumor alpha-beta ratio of 10. Total target doses ranged
from 50-60 Gy administered in 3-6 fractions.

Charts were retrospectively reviewed to record age,
gender, smoking status, oxygen (O2) use, tumor loca-
tion, and histology.

Follow-up and endpoints

Patients were followed every three to six months after
treatment for the first two years, and annually thereaf-
ter. Serial CT scans and PET-CT scans were obtained as
indicated. Clinical data from electronic health records,
referring physicians, and general practitioners were also
used evaluate outcomes. A local failure was defined as
a recurrence within the defined PTV for radiation plan-
ning. Regional recurrence was defined as a recurrence in
the hilar or mediastinal nodes, or in the ipsilateral lung. A
distant failure was defined as recurrence in the contralat-
eral lung, pleura, or outside of the thorax.

Local control (LC) was based on clinical examina-
tion and surveillance imaging. Pathologic diagnosis
was used to confirm the presence of local or distant
failure in most cases. Several patients had convincing
CT and PET imaging data showing disease progression,
and thus pathologic confirmation was not needed.

Overall survival (OS) was defined as the difference
in time (months) from the date of diagnosis on imaging
or pathology to date of death or date of last follow-up
(which ever came sooner). If imaging or pathology was
not available, then the date of initial consultation served



as the date of diagnosis. Disease free survival (DFS)
was defined as the date of diagnosis until the date of any
recurrence including loco-regional, systemic, or death.

Statistical analysis

Statistical analysis was performed using Medcalc
(Medcalc Software, USA), version 14.8. Univariable
analysis (UVA) was performed using a linear regres-
sion model to assess factors predictive of OS and DFS.
Kaplan Meier survival analysis was performed on end-
points of OS and DFS, and was compared by log rank
analysis. P-values less than 0.05 were considered statis-
tically significant.

RESULTS

Fifty-six patients were identified as having periph-
eral stage T2NO tumors that were greater than 3 cm in
size. The median tumor size was 3.5 cm (range 2.8-6.8
cm). The median follow-up was 19.3 months (range 1.2-
74.1 months). The median OS was 19.9 months (range
1.3-74.1 months). Patient baseline demographics and
clinical characteristics are summarized in Table 1. Men
(55.3%) and women (44.7%) were equally represented,
and most of our patients were former smokers (69.6%)
who did not use oxygen at home (73.2%). Squamous
cell carcinoma was the most common histologic diag-
nosis (50%), Thirty two percent of tumors were in the
right upper lobe. Radiation prescription dose is summa-
rized in Table 2 with the most common dose and frac-
tionation pattern of 50 Gy in 5 fractions.

The one-year and two-year LC rate was 90.3% and
84.2%, respectively (Figure 1). The one, two and five-
year DFS was 62.2%, 31.9%, and 15.3%, respectively
(Figure 2). The one, two and five-year OS were 75.9%,
39.9% and 12.1%, respectively (Figure 3).

Patterns of failure are summarized in Table 3. We
found isolated local failure rate of 1.8%, a loco-regional
failure rate of 8.9%, and distant failure rate of 19.6%.
Distant failure along with regional and loco-regional
failure was observed in 30.3% of our patients.

Centroid BED,, greater than 150 Gy was associated
with improved DFS (log-rank p=0.014) (Figure 4). Uni-
variable logistic regression showed that BED, greater
than 150 Gy predicted improved survival (p = 0.0132).As
a continuous variable, centroid BED ; (p=0.0036) as well
as prescription BED | (p=0.035) were also associated with
improved OS. Adenocarcinoma was associated with infe-
rior OS (p=0.026). There was no association seen between
PTV size, smoking, or oxygen use, and OS. Multivariable
analysis was limited due to sample size.

Outcomes following SBRT of T2NO NSCLC

Table 1. Demographics, tumor histology,
anatomy, smoking status, and oxygen use of
study patients

Median Age

74 (range 53-90)

Median Follow-up

Sex
Male
Female

Histology
Adenocarcinoma
Squamous cell carcinoma
Other/NOS

Tumor Size

Tumor Location
RUL
RML
RLL
LUL
LLL
Smoking Status
Never
Former
Active
Baseline Oxygen Use
Yes
No

19.3 months

31 (55.3%)
25 (44.7%)

21 (37.5%)
28 (50%)
7 (12.5%)

Median 3.5cm
(range 3.0-6.8cm)

2 (3.6%)
39 (69.6%)
15 (26.8%)

15 (26.8%)
41 (73.2%)

Table 2. Summary of SBRT radiation doses
and fractionation schedules

Radiation Dose (Gy) n (%)
50 in 5 fractions 31 (55.3)
50 in 4 fractions 12 (21.4)
54 in 3 fractions 9(16.1)
60 in 3 fractions 3(5.4)

60 in 6 fractions

1(1.8)

DISCUSSION

SBRT has become the standard of care for medically
inoperable patients with early-stage NSCLC. While for
smaller T1 tumors, the outcome of SBRT is excellent,
for larger sized tumors, distant recurrence appears quite
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Figure 1. Kaplan-Meier graph of local control.
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Figure 2. Kaplan-Meier graph of disease-free survival.
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Figure 3. Kaplan-Meier graph of overall survival.
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Table 3. Summary of sites of first failure

Sites of Failure n (%)
Local only 1(1.8)
Regional only 7 (12.5)
Loco-regional only 5(8.9)
Regional and distant 5(8.9)
Loco-regional and distant 1(1.8)
Distant only 11 (19.6)
No failure 26 (46.4)
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Figure 4. Kaplan-Meier graph of disease-free survival
as a function of centroid BED, .

significant. In a single institution retrospective study,
Woody et al reported local control rates of 91.2%. How-
ever, distant failure rates was significantly higher at
32.5% at 18 months for tumors greater than 5 cm treated
with SBRT (17). Peterson et al found a local failure rate
of only 4.8%, and a disproportionately high distant fail-
ure rate of 31% at a median follow-up of 16 months
for tumors greater than 5 cm (19). They also noted an
OS of 65% and 34% at 1 and 2 years (19). In a large
multi-institutional study, Verma et al reported excellent
LC rates of 95.7% at 1 year and relatively lower than
expected LC of 73.2% at two years for larger tumors
treated with SBRT(18). Overall survival was 76.2% and
46.4% at one and two years respectively(18). Distant
failure rates again was higher at 33%, with a local fail-
ure rate of 26%, and local regional failure rate of 23%
(18). Similarly, Tekatli et al observed local, regional,
and distant control rates of 95.8%, 93.7%, and 83.6%
respectiveley in tumors greater than 5 cm at 2 years
(20). Jumeau et al found one-year and three-year sur-
vival rates of 88% and 70%, respectively, but excellent
local control rates of 91% in patients with T2 disease



(21). Twenty-one percent of their patients experienced
a recurrence, and 84% of the relapses were nodal or
distant (21). Our single institutional series showed sim-
ilar findings for patients with T2 disease with tumors
larger than 3 cm treated with SBRT. We noted high dis-
tant failure rates with an isolated distant failure rate of
19.6% and combined distant and loco-regional failure
rate of 30.3%. All these studies have shown that the
common failure patterns for SBRT for larger tumors
are often isolated distant recurrence, which was seen in
our data set (22).

Several studies have looked at factors predictive of
local or distant failures, and increasing tumor size con-
sistently was associated with regional and distant fail-
ure [24, 25]. Allibhai et al reported GTV size greater
than 11.79 cubic cm was associated with poorer non-
local recurrence free survival, disease free survival, and
cause specific survival (23). Parker et al noted worse
local control rates in tumors with diameter greater than
5 cm when compared to tumors with diameter less than
5 cm (79.8% vs 98.2%) (24). These studies and the cur-
rent report support that SBRT alone for these larger
tumors is associated with inferior outcomes because of
distant and regional failures.

Many strategies were employed by various groups
to try to improve outcomes in larger tumors, includ-
ing radiation dose escalation. The Japanese Clinical
Oncology Group study 0702 investigated dose esca-
lation in T2NO tumors with PTVs greater than 100
cubic centimeters (25). They found an OS of 83.3%
and PFS of 76.2% at 3-years (25). This led them to
recommend a dose of 50 Gy in 4 fractions for patients
with T2NO tumors (25). However, their findings are
difficult to translate into standard practice due to poor
accrual of only 13 patients (25). Miyakawa et al did
not show any difference in OS, PFS, and local recur-
rence between radiation dose of 48 Gy, 50 Gy, and 52
Gy in patients with T1-T2a tumors (< 5 cm) (26). Mit-
suyoshi et al observed local control rates of 95.7% and
OS of 85.2% at 2 years in patients with T1-T2a (< 5
cm) tumors treated with 70 Gy in 4 fractions (27). Our
study uniquely demonstrates that a centroid BED
greater than 150 Gy led to significant improvement in
disease free survival and overall survival. However,
dose escalation strategies can have limitations due to
concern for treatment related toxicities. Earlier reports
by Fakiris et al and Timmerman et al showed signifi-
cantly increased toxicity for larger tumors treated with
SBRT with higher doses (28-30).

The use of adjuvant systemic chemotherapy in com-
bination with SBRT has been explored to address dis-
tant failures in SBRT treatment of large tumors. Ernani
et al found that addition of adjuvant chemotherapy
improved OS in patients with T2bNO and T3NO disease
in a NCDB analysis (31). Chen et al found that patients

Outcomes following SBRT of T2NO NSCLC

with T1-T3NO tumors treated with SBRT and adjuvant
cisplatin had better overall survival and lower relapse
rate than patients treated with SBRT alone (32). Simi-
larly, adjuvant chemotherapy was shown to be beneficial
after surgical resection of NSCLC tumors greater than
4 cm in CALGB 9633 (33). While the current practice
is to consider adjuvant systemic therapy for larger node
negative tumors in patients who are able to tolerate sys-
temic chemotherapy following surgery, it is not used
following SBRT due to lack of evidence. Moreover,
addition of chemotherapy may not be feasible due to
poor performance status and presence of medical co-
morbidities in this population. Therefore, future trials
incorporating chemotherapy with SBRT for larger pri-
mary tumors may be unlikely. Immunotherapy is often
better tolerated than standard of care chemotherapy,
and provides improved survival in locally advanced
NSCLC (34). Combining SBRT with immunotherapy
is another promising treatment strategy to improve
systemic control. The role of immunotherapy in com-
bination with SBRT in medically inoperable patients is
currently being evaluated in the ongoing PACIFIC-4/
RTOG 3515 trial (NCT03833154) and in the SWOG/
NRG S1914 trial (NCT03811002). Both these studies
will address whether the addition of Durvalumab or
Atezolizumab is able to reduce the distal relapse rate
in this patient population and improve overall survival.

CONCLUSIONS

Lung SBRT continues to provide adequate local
control even for T2NO tumors. Dose escalation has the
potential to improve disease free and overall survival.
However, recurrence at distant sites remains the pre-
dominant pattern of failure. Future trials are needed to
reduce the distant failure rate by incorporating novel
systemic agents in these vulnerable patient population
who are otherwise not candidates for surgery and adju-
vant chemotherapy.
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