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ABSTRACT

To evaluate the outcomes and feasibility of stereotactic body radiotherapy (SBRT) for ¢T3 and cT4NOMO non-
small cell lung cancer (NSCLC), 25 patients with localized primary NSCLC diagnosed as ¢T3 or cT4NOMO, given
SBRT between May 2005 and July 2013, were analyzed. All patients had inoperable tumors. The major reasons for
tumors being unresectable were insufficient respiratory function for curative resection, advanced age (>80 years
old) or technically inoperable due to invasion into critical organs. The median patient age was 79 years (range;
60-86). The median follow-up duration was 25 months (range: 5-100 months). The 2-year overall survival rates
for T3 and T4 were 57% and 69%, respectively. The 2-year local control rates for T3 and T4 were 91% and 68%,
respectively. As for toxicities, Grade 0-1, Grade 2 and Grade 3 radiation pneumonitis occurred in 23, 1 and 1
patient, respectively. No other acute or symptomatic late toxicities were reported. Thirteen patients who had no
local, mediastinal or intrapulmonary progression at one year after SBRT underwent pulmonary function testing.
The median variation in pre-SBRT and post-SBRT forced expiratory volume in 1 s (FEV1) values was —0.1 (-0.8—
0.8). This variation was not statistically significant (P =0.56). Forced vital capacity (FVC), vital capacity (VC), %
VC and %FEV1 also showed no significant differences. SBRT for ¢T3 and cT4NOMO NSCLC was both effective
and feasible. Considering the favorable survival and low morbidity rate, SBRT is a potential treatment option for

¢T3 and cT4NOMO NSCLC.

KEYWORDS: stereotactic body radiotherapy, non—small cell lung cancer, T3NOMO, T4NOMO, inoperable, unre-
sectable

INTRODUCTION
For non-small cell lung cancer (NSCLC) patients with localized
disease at diagnosis, the S-year relative survival rate was reported to be
54.0%, according to the Surveillance, Epidemiology and End Results
(SEER) database [1]. Although the survival of lung cancer patients is
improving, treatment outcomes are still unsatisfactory, especially for
those with T3 or T4 disease.

Since the TNM system was applied to lung cancer, the surgical
landmark has been set between Stages IITA and IIIB. T3 and/or N1
tumors are universally considered to be resectable, while T4 and/or
N2 tumors are generally regarded as being unresectable by surgery
alone. As for patients with T3NO and T4NO tumors, despite local
progression, if it does not show spread to lymph nodes [2], surgery is
preferred [3]. This is in contrast to T1-2N2 disease, which, even in
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the absence of invasion of surrounding tissues from the primary
lesion, has spread to lymph nodes and is usually treated with concur-
rent chemoradiation.

Extensive local treatment and/or major surgical procedures are
often required in patients with T3NO disease. According to a Japa-
nese lung cancer registry study [4], the S-year survival rate of patients
with pathological T3NO is quite high, at ~50%. In those with T4
disease, tumors are generally regarded as being unresectable [S].
However, surgery appears to be beneficial in selected patients. Accord-
ing to some studies focusing on extended resection of T4 tumors [6-8],
radical resection of the tumor has curative potential if there are no medi-
astinal lymph node metastases.

Therefore, even if the T factor is highly unfavorable, some patients
without lymph node metastasis may be good candidates for complete
resection. However, the major problems with surgery include patients
not always being able to undergo an extensive operation and/or
failure to achieve complete resection [9].

Stereotactic body radiotherapy (SBRT) has recently been
regarded as a treatment option for patients with medically inoperable
T1 or T2NOMO NSCLC. It can be applied, with acceptable toxicity,
even to those with comorbidities or advanced age [10]. However,
SBRT has as yet not become a standardized treatment for T3 inva-
sion or T4 extension with NOMO, and there are only a few reports
[11, 12] describing the use of SBRT in such patients. We have pro-
actively performed SBRT for ¢T3 or cT4NOMO NSCLC in patients
who were not good candidates for surgery. In this study, we retro-
spectively evaluated the feasibility and treatment outcomes of SBRT
for ¢T3 and cT4NOMO NSCLC.

METHODS
Patients
We retrospectively identified consecutive patients with localized
primary NSCLC diagnosed as ¢T3 or cT4NOMO using the 7th lung
cancer TNM classification and staging system and treated with SBRT
at Ofuna Chuo Hospital between May 2005 and July 2013. The
patients satisfied the following criteria: performance status 0-2; the
patients were inoperable, or refused surgery; and the maximum doses
to the esophagus, spinal cord and trachea were within 25 Gy. In total,
25 patients were identified. Of these, 23 patients were pathologically
diagnosed as having NSCLC. Another 2 patients were clinically diag-
nosed as having NSCLC, based only on clinical information such as
elevated tumor marker levels, an increase in the maximum standar-
dized uptake value on ['*F] fluorodeoxyglucose positron emission
tomography/computed tomography ("*F-FDG PET/CT), and suc-
cessive enlargements on CT images. All of the patients were con-
sidered to be inoperable. The major reasons for assessment as
inoperable were advanced age (>80 years old; 10 patients), insuffi-
cient respiratory function for curative resection due to chronic
obstructive pulmonary disease (COPD; 8 patients) and cardiovascu-
lar comorbidities (3 patients). Each patient’s T and N stage was evalu-
ated on CT images by two experienced radiologists (KY. and T.M.).
Lymph node metastasis was diagnosed when a lymph node was more
than 1 cm in diameter, or a lymph node was <1 cm but had an
increase in the maximum standardized uptake value on '*F-FDG
PET/CT. Mediastinoscopy for diagnosis of lymph node metastasis
was not performed. The NSCLC diagnosis and treatment policy were
discussed and assessments were made at a Lung Cancer Board

consultation with a pulmonologist, thoracic surgeons and a radiation
oncologist at our hospital. We excluded patients with T3 (separate
tumor nodules in the same lobe) and T4 (separate tumor nodules
in a different ipsilateral lobe) from the present study. Patient and
tumor characteristics are shown in Table 1. The median age was
79 years (range; 60-86). All patients provided written informed
consent. The Ofuna Chuo Hospital Review Board approved this
study (No. 2014-06).

Treatment
Our SBRT methods have been previously described in detail [13].
Briefly, long-scan-time CT was used to directly visualize the internal
target volume (ITV) after immobilizing the patient with a vacuum
pillow. The planning target volume (PTV) was determined by adding
a margin of 6-8 mm to the ITV. Dynamic conformal multiple-arc
therapy or volumetric-modulated arc therapy was used for SBRT. The
total dose prescribed was 40 or 50 Gy per 5 fractions to the 60-80%
isodose of the maximum dose, which covered at least 95% of the
PTV during five consecutive days. We kept the doses delivered to the
esophagus, spinal cord and trachea below a maximum dose of 25 Gy,
and to minimize the doses for the bronchus, brachial plexus, pulmon-
ary artery, and left ventricle as low as reasonably achievable. There
were no dose constraints on the aorta or the vena cava. For tumors
adjacent to critical organs, especially the esophagus, SBRT combined
with conventional radiation therapy of 30 Gy/15 fr - 50 Gy/2S fr
[with a median total BED10 of 84.8 Gy (73.5-104 Gy) at the margin
of the PTV, and 100.2 Gy (86.8-159.1 Gy) at the maximum dose
point in the PTV] was adopted (Table 1).

Follow-up

For all patients, follow-up CT scans were performed at 1 and 3
months after SBRT and then at 3-month intervals during the first 2
years. Subsequently, follow-up CT scans were obtained at 4- to 6-
month intervals. Pulmonary function tests were performed at ~1 year
after SBRT. '®F-FDG PET/CT was performed at ~1 year after SBRT
and when local, regional and/or distant recurrences were highly sus-
pected. Acute and chronic toxicities were graded according to the
Common Terminology Criteria for Adverse Events (CTCAE) v.4.0.

Statistical analysis
The control and survival rates were derived using the Kaplan-Meier
method. Survival curves were compared using log-rank tests. The Wil-
coxon signed-rank test was used for analysis of the pulmonary func-
tion test results. Data were analyzed with IBM SPSS Statics 22.0
(IBM Corp., Armonk, NY, USA).

RESULTS
For the 25 patients diagnosed as having ¢T3 or cT4NOMO NSCLC
and then treated with SBRT, the median follow-up duration was 25
(range: S-100) months. All patients were followed up except one,
who was lost to follow-up after 6 months without relapse. The 2-year
overall survival rates, lung cancer—specific survival rates and local
control rates for patients with T3 and T4 were 57% (95% confidence
interval: 32-83%) and 69% (95% confidence interval: 39-98%)
(Fig. 1a), 85% (95% confidence interval: 65-100%) and 69% (95%
confidence interval: 39-98%) (Fig. 1b), and 91% (95% confidence
interval: 74-100%) and 68% (95% confidence interval: 37-98%)
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Table 1. Continued

Median age (range) 79 (60-86)
Sex: male/female 17/8
Median follow up duration (month)(range) 25 (5-100)
Clinical T stage
T3:
<2 cm carina 2
chest wall 10
mediastinal pleura 2
pericardium 1
T4:
mediastinum 3
major blood vessel 7
Location: central/peripheral 19/6
Histology
Squamous cell carcinoma 12
Adenocarcinoma 7
Non-small cell carcinoma 4
Pathologically unproven 2
Reasons for not fit for surgery”
Old age 10
COPD 8
Cardiovascular disease 3
Postoperative impaired pulmonary 3
function
Technically unresectable 2
Dementia 1
Cerebral infarction 1
Idiopathic pulmonary fibrosis 1
Median tumor diameter (cm) (range) 4.0 (2.3-8.5)
Median ITV (cm®) (range) 29 (0.9-314)
Median PTV (cm®) (range) 85 (9.6-363)
Dose fractionation:
SBRT
40 Gy/s fr 9
50 Gy/S fr 10
Continued

SBRT after 3D-CRT (30 Gy/1S fr~50 Gy/25 fr)

25 Gy/Sfr 4
30 Gy/s fr 1
40 Gy/10 fr 1

SBRT = stereotactic body radiotherapy, COPD = chronic obstructive pulmonary
disease, ITV = internal target volume, PTV = planning target volume, 3D-CRT = three-
dimensional conformal radiotherapy. “The numbers in these items overlap.

(Fig. 1c), respectively. The 2-year regional control and distant
metastasis—free survival rates were 80% (95% confidence interval:
55-100%) and 79% (95% confidence interval: 58-100%) for T3, and
75% (95% confidence interval: 44-100%) and 80% (95% confidence
interval: 55-100%) for T4, respectively. None of these outcomes dif-
fered significantly between patients with T3 and T4 disease. For 19
patients treated with standard SBRT (40 Gy/S fr or 50 Gy/S fr), the
2-year overall survival rates, lung cancer—specific survival rates and
local control rates were 61% (95% confidence interval: 38-84%)
(Fig. 1d), 80% (95% confidence interval: $9-100%) (Fig. le) and
85% (95% confidence interval: 66-100%) (Fig. 1f), respectively.
Those for the six patients treated with 3D-CRT following SBRT
boost were 67% (95% confidence interval: 29-100%) (Fig. 1d), 67%
(95% confidence interval: 29-100%) (Fig. le) and 60% (95% confi-
dence interval: 17-100%) (Fig. 1f), respectively. There was no sig-
nificant difference in outcomes between two groups.

SBRT was well tolerated, and all patients completed the treatment
course on schedule. Figures 2 and 3 show the data obtained from two
patients with ¢T4 disease. As for toxicities, Grade 0-1, Grade 2 and
Grade 3 radiation pneumonitis occurred in 23, 1 and 1 patient,
respectively. No other Grade 2 or more acute toxicities (including
esophagitis, general fatigue, nausea, fever, chest wall pain, rib fractures
and respiratory symptoms) were reported. None of the patients
experienced symptomatic late toxicities.

Fourteen of the 25 patients (56%) had no local, mediastinal or
intrapulmonary progression at 1 year after SBRT. Of those 14
patients, 13 underwent pulmonary function tests. The patient
without pulmonary function test data had died at 13 months after
SBRT without respiratory symptoms. The median variation in pre-
SBRT and post-SBRT forced expiratory volume in 1 s (FEV1) values
was -0.1 (-0.8-0.8). This variation was not statistically significant (P
=0.56). Vital capacity (VC), forced vital capacity (FVC), %VC, and
%FEV1 also showed no significant differences between pre-SBRT
and post-SBRT values (Table 2).

DISCUSSION
We herein report our promising treatment outcomes and acceptable
toxicity of SBRT for ¢T3-cT4NOMO NSCLC in patients who were
not candidates for surgery due to advanced age, decreased pulmonary
function, and/or comorbidities. Currently, recommended treatment
options for such patients are surgery, chemoradiation and chemother-
apy, according to the National Comprehensive Cancer Network
(NCCN) guideline (Version S, 2015). Although surgery is preferred
if a patient has an operable malignancy, i.e. if the tumor is resectable,
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Fig. 1. Kaplan-Meier plots for all patients (n = 25) (solid line), patients with T3 (n = 15) (dotted line) and patients with T4
(n=10) (dash-dotted line) disease. (a) Overall survival, (b) lung cancer-specific survival and (c) local control. (d) Overall
survival, (e) lung cancer-specific survival and (f) local control for patients (1 = 19) treated with standard SBRT (40 Gy/$ fr or
50 Gy/S fr) (solid line) and patients (n = 6) treated with 3D conformal radiotherapy (3DCRT) following SBRT boost.

there are no reports on treatment outcomes for patients with inoper-
able T3-4NOMO NSCLC. In addition, to date, no intensive treatment
options that might serve as an alternative to surgery for such patients
have been established. Given this situation, SBRT is a potential intensive
treatment option. This is the first study, to our knowledge, to examine
the use of SBRT for medically inoperable ¢cT3-4NOMO NSCLC.

Several studies have described the clinical outcomes of surgery for
T3 or T4 NSCLC [14-20] (Table 3). In most of these reports, com-
plete resection and NO-1 disease were factors favoring survival. In
pathological NO patients, S-year survival rates were favorable, ranging
between 40 and 70%. The 3-year survival rates in T3NOMO patients
were reported to be ~60% [4].

The median follow-up time of our study is still short (25 months).
However, it is clinically meaningful that the 2-year overall survival rates
for patients with T3NO and T4NO disease were 57% and 69%, and the
2-year local control rates were 91% and 68%, respectively. Given that
our study population consisted of patients for whom surgery was con-
traindicated, our results may compare favorably with those of surgery.

Significance of SBRT in T4NOMO disease
Among T4 descriptors, lesions with invasion including the great
vessels, left atrium, trachea, or carina, are ‘potentially resectable’ in
some cases. In contrast, patients with frank invasion of the heart or
esophageal involvement are considered to have ‘definitely unresect-
able’ tumors. Taking these factors into consideration, in our T4NO
patients (n=10) treated with SBRT in the current study, there were
three with mediastinal invasion and seven with major vessel invasion
(Table 1), i.e. with tumors that would be classified as ‘potentially

resectable’. As surgery for T4 disease offers promising results, giving
these patients intensive local treatment such as SBRT is considered
to be clinically meaningful.

The potential of SBRT as a new treatment option for

cT3-4NOMO patients not indicated for surgery
The advantage of SBRT is its feasibility for patients with inoperable
malignancies. In a Japanese survey of SBRT, peri-treatment morbid-
ities and mortalities were very rare, and the rate of Grade S toxicity
was very low (0.6%) [21]. According to a report that compared
overall survival after SBRT with surgery for elderly (median age of
79) patients with Stage I NSCLC, the overall survival rates at 1 and 3
years were 75% and 60% after surgery, and 87% and 42% after SBRT,
respectively, while the 30-day mortality rates were 8.3% and 1.7%,
respectively [22]. Good tolerance of SBRT has been reported for
octogenarians [22, 23] and patients with GOLD III-IV COPD [24].
SBRT offers patients with inoperable Stage I NSCLC the advantages
of a high local control rate and low treatment-related mortality.
Opting for either no treatment or conventional radiotherapy alone
would lead to poor survival and decreased quality of life (QOL).
Therefore, SBRT may be better suited than resection for elderly
patients with comorbidities.

Although the safety of SBRT for central tumors is controversial in
T1-2NOMO NSCLC, favorable outcomes are often reported for
patients with centrally located tumors and those who are frail, such as
the elderly. Nuyttens et al. [25] reported the actuarial 2-year local
tumor control rate to be 85% for central tumors treated with a
BED10 >100 Gy. Haasbeek et al. [26] reported the 3-year overall
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Fig. 2. Computed tomographic (CT) appearance and dose distribution for a patient with NSCLC adhering to the aorta. (a) CT
appearance before SBRT. (b) Dose distribution curves of SBRT. The isodose lines, from outer to inner, represent 10 Gy, 20 Gy,
25 Gy, 30 Gy, 40 Gy and 45 Gy, respectively. (c) (d) (e) CT appearances 4, 8 and 14 months after SBRT, respectively. (f) CT
scan obtained 32 months after SBRT shows local recurrence. The patient was a 75-year-old man diagnosed with NSCLC during
the follow-up period after aortic dissection. He was judged to have an inoperable tumor because there was widespread adherence

to the dissected aorta and aortic invasion was suspected. The patient underwent SBRT (40 Gy in § fractions). The tumor was

well controlled without toxicity, but at 32 months, local recurrence was observed and he died 39 months after the initial

diagnosis.

survival rates for central and peripheral early-stage NSCLC to not
differ statistically, at 64% and 51%, respectively. Since tumors in
patients with T3-4NOMO disease are often located in the central area
of the lung, the promising SBRT results obtained for centrally located
tumors are encouraging, although it must be kept in mind that they
were for T1-2NOMO NSCLC. However, it should be noted that fatal
toxicities can occur when central tumors are treated with SBRT [27].
We reported [28] the limited toxicity of SBRT (40-60 Gy in S

fractions [BED3 =147-300 Gy]) in 133 centrally located lung
tumors that received >25 Gy to the organ at risk in the mediastinum
and pulmonary hilum. Five cases (3.8%) had Grade 3, and 2 (1.5%)
had Grade S hemoptysis among the 133 patients. Therefore, central
lung tumors should be treated with careful consideration of the irradi-
ation dose delivered to organs at risk. Furthermore, fully informed
consent must be obtained after carefully explaining all possible risks
to patients.
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Fig. 3. Computed tomographic (CT) appearance and dose distribution in a patient with a superior sulcus tumor. (a) (b) Axial
and coronal CT images obtained before SBRT. (c) Dose distribution curves of 3D conformal radiotherapy (3D-CRT). The
isodose lines, from outer to inner, represent 5 Gy, 10 Gy, 15 Gy, 20 Gy, 22.5 Gy, 23.75 Gy, 25 Gy and 26.75 Gy, respectively. (d)
Dose distribution curves of SBRT. The isodose lines, from outer to inner, representl0 Gy, 20 Gy, 30 Gy, 40 Gy, 45 Gy, 47.5 Gy
and 50 Gy, respectively. (e) (f) Appearance on axial and coronal CT images obtained 15 months after SBRT. The patient was a
70-year-old woman diagnosed with a superior sulcus tumor at another hospital. She initially received chemotherapy (cisplatin
and pemetrexed) alone because the hospital did not have a radiation therapy unit. She was then treated at our institution using
3D-CRT with 50 Gy in 2S5 fractions before SBRT because invasion to the brachial plexus was suspected based on the symptom of
left-arm dysesthesia. One month after 3D-CRT, SBRT (25 Gy in S fractions) was administered to the residual tumor. Twenty
months after SBRT, to date, the tumor remains controlled and there have been no toxicities, such as brachial plexus neuropathy
or brachial edema.

Post-treatment pulmonary function and QOL et al. [29] reported a FEV1 decline of 0.8 1 after pneumonectomy for
Respiratory function decline is among the most critical problems en-  lung cancer. Moreover, curative resection was not indicated for many
countered in managing patients after surgery. For TANOMO NSCLC  NSCLC patients because of underlying COPD with poor pulmonary
patients, pneumonectomy is frequently selected (Table 3). Menna function.
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Table 2. Pulmonary function test of pre- and post-SBRT
Pre-SBRT Post-SBRT A P value
FVC (L) 2.1 (0.4-3.7) 2.1 (1.6-2.7) —0.1 (-1.1-1.2) 0.92
VC (L) 2.3 (1.1-2.9) 2.2 (1.3-2.7) —0.1 (—0.3-0.5) 0.22
%VC (%) 83 (49-106) 80 (63-104) —3.1 (—25-22) 0.32
FEV1 (L) 1.3 (0.4-2.1) 1.3 (0.6-2.0) —0.1 (—0.8-0.8) 0.56
%FEV1 (%) 74 (24-119) 73 (26-115) —1.2 (—55-55) 0.87

All data given as mean (range) without P value. SBRT = stereotactic body radiotherapy, A = post-treatment value minus pre-treatment value, FVC = forced vital capacity,
VC = vital capacity, %VC = percent predicted vital capacity, FEV1 = forced expiratory volume in one second, %FEV1 = percent predicted forced expiratory volume in one

second. P value < 0.0S is considered statistically significant.

Table 3. Outcomes of surgery for T3 and T4 non-small cell lung cancer

Author Case Age Invasion Surgery (%) RO (%) Mortality (%) 5y OS (%) 5-y OS (NO-1) (%)
(P/L)

Downey [14], 2009 269 62 CW 20/64 524 6 - 49 (NO)

Doddoli [15], 2005 309 60 CW 25.6/70.2 100 7.8 30.7 40 (NO)

Yang [16], 2009 146 561 T4 65.6/344 72.6 3.1 22.7 40 (NO)

Yidizeli [17], 2008 271 563 T4 49.4/39.7 ) 4 384 43 (NO, 1)

Ohta [18], 2005 16 55 Aorta 37.5/60.0 75 12.5 482 70 (NO)

Spaggiari [19],2004 109 64  SVC 50.5/49.5 73.4 12 21

Stella [20], 2012 31 656 LAPV  839/16.1 93.5 9.7 30 78 (NO, 1)

OS = overall survival, P = pneumonectomy, L = lobectomy, CW = chest wall, SVC = superior vena cava, LA = left atrium, PV = pulmonary vein.

On the other hand, the decline in respiratory function caused by
SBRT is minimal. Studies investigating respiratory function after
SBRT for lung cancer [30, 31] found that this treatment had little or no
effect on FEV1 and FVC. In fact, we observed no respiratory function
decline in this study. Preservation of respiratory function contributes to
better QOL for the remainder of a patient’s life, an advantage of SBRT.

Limitations

This study has several limitations, including short follow-up periods,
small sample sizes, and its retrospective nature with possible selection
bias. Due to retrospective nature, toxicities were possibly understated,
and dose fractionation was not uniform in SBRT with increased
fractionation and conventional radiation therapy. In addition, there
was a potential bias due to the lack of pathological staging that could
have been provided by surgery. According to a report [32] that com-
pared outcomes of clinical and surgical-pathological staging in IIIA
NSCLC, overstaging was present in 40.8% of cases in terms of T status
and in 38.7% in terms of N status. Therefore, our study subjects treated
with SBRT might have included pathological T2 or node-positive
patients, which would have influenced the treatment results. Another
possible disadvantage of SBRT is that treatment of mediastinal lympha-
tics, which is routinely performed in surgery or conventional irradiation,
is omitted. However, recently, a prophylactic effect on ipsilateral hilar
relapse by SBRT was reported [33].

CONCLUSION
SBRT for T3 and T4NOMO NSCLC was found to be both effective
and feasible. Considering the favorable survival and low morbidity
rates obtained, SBRT is a potential treatment option for patients with
T3 and T4NOMO NSCLC. Further research with longer follow-up is

warranted.
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