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Abstract. Stereotactic body radiation therapy (SBRT) can 
significantly improve the treatment outcomes of patients with 
inoperable stage I non‑small‑cell lung cancer. Similarly, a few 
case studies have reported the effectiveness of SBRT for stage I 
small‑cell lung cancer (SCLC). However, no study has investi-
gated the use of SBRT for extensive‑stage SCLC (ES‑SCLC). 
Compared with conventional RT, SBRT is able to deliver 
a higher radiation dose precisely and safely to small targets 
in short‑duration treatments. The present study reports the 
outcome of a patient with ES‑SCLC who responded favorably 
to initial chemotherapy and received SBRT for a residual mass 
in the peripheral lung. A 62‑year‑old female presented with 
pathologically determined SCLC at clinical stage T4N3M0‑T4 
as separate tumor nodules were present in different ipsilateral 
lobes. The patient received 6 cycles of standard chemotherapy 
with cisplatin and etoposide. The response of the patient to 
chemotherapy was evaluated using contrast‑enhanced chest 
computed tomography and 18F‑fluorodeoxyglucose positron 
emission tomography‑computed tomography. The only 
suspected residual viable tumor was a 1.5‑cm mass in the right 
upper lobe. Targeting this mass, intensity‑modulated SBRT 
was performed with 48 Gy in 4 fractions and 6 MV photons. In 
addition, prophylactic cranial irradiation was conducted with 
25 Gy in 10 fractions. The patient is alive with no evidence 
of disease 4 years after treatment. SBRT toxicity was limited 
to radiation pneumonitis or fibrosis without pulmonary symp-
toms. This case report suggests the efficacy of SBRT in select 

ES‑SCLC patients with small residual lung disease following 
chemotherapy.

Introduction

Small‑cell lung cancer (SCLC) accounts for ~15% of all newly 
diagnosed lung cancers (1). SCLC is characterized by a rapid 
doubling time, high growth fraction, and the early develop-
ment of distant metastases; ~2/3 of patients with SCLC present 
with extensive‑stage disease (1). Systemic chemotherapy is the 
main treatment for all SCLCs, limited or extensive (1).

For limited‑stage SCLC (LS‑SCLC), the addition of 
thoracic radiation therapy (RT) to chemotherapy improves 
local control and survival, and concurrent chemoradiotherapy 
is considered the standard of care  (2). For extensive‑stage 
(ES)‑SCLC, the purpose of RT is generally limited to pallia-
tion  (2,3). However, a recent multicenter randomized trial 
reported that thoracic RT lowered disease progression and 
improved survival rates in select patients with ES‑SCLC who 
responded to initial chemotherapy (4).

Stereotactic body RT (SBRT) uses high‑precision external 
beam RT to target small, well‑defined tumors with a high 
radiation dose per fraction and short treatment courses (5). 
A high target dose is possible in SBRT without increasing 
normal tissue toxicity due to the steep dose gradients outside 
the target (6). Compared with conventional RT, SBRT substan-
tially improved local control and survival in patients with 
inoperable early‑stage non‑SCLC (NSCLC) (5,6). However, 
the benefits of SBRT have rarely been examined in SCLC.

The present study reports the long‑term outcome of 
a patient with ES‑SCLC who responded remarkably to 
chemotherapy and subsequently received thoracic SBRT for 
the post‑chemotherapy control of remnant cancer in the lung 
periphery.

Case report

A 62‑year‑old female was referred to the Soonchunhyang 
University Cheonan Hospital (Cheonan, Korea) following 
cancer diagnosis and the completion of 6 cycles of standard 
chemotherapy (cisplatin and etoposide) from January to 
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June 2011 at another hospital. The patient had pathologi-
cally determined SCLC, and the TNM stage was determined 
by a physical examination, pulmonary function tests, 
chest contrast‑enhanced computed tomography (CT), 
18F‑f luorodeoxyglucose positron emission tomography 
(PET)‑CT and brain magnetic resonance imaging, which were 
performed prior to the patient's admission to our hospital. The 
clinical stage was determined to be extensive or T4N3M0 (IIIB), 
according to the American Joint Committee on Cancer staging 
system, 7th ed (7). The patient had separate tumor nodules 
in the right upper and middle lobes, and multiple metastatic 
lymph nodes were present in the mediastinum bilaterally.

The imaging studies were repeated in August 2011 to eval-
uate the response to chemotherapy, and a right upper lobe mass 
was thought to be a tumor remnant; the mass had a maximum 
diameter of 1.5 cm and a maximized standard uptake value of 
3.5. After noting an excellent response to chemotherapy with a 
small remaining viable peripheral lung mass, SBRT was used 
at our hospital to treat the residual tumor of the patient.

SBRT was performed in August 2011 using a Novalis Tx 
system (Varian Medical Systems, Palo  Alto, CA, USA; 
Brainlab, Feldkirchen, Germany). During the simulation 
process, the patient was immobilized in the supine position 
with her arms above her head. The simulation was conducted 
using 4‑dimensional CT (Brilliance CT Big Bore; Philips 
Medical Systems, Cleveland, OH, USA) and a real‑time 
position‑management system (Varian Medical Systems). The 
gross tumor volume was delineated on each respiratory phase 
CT image using the ῾lung window᾽ setting. The clinical target 

volume was equivalent to the gross tumor volume. The internal 
target volume was created from the sum of the clinical target 
volumes during the 10 respiratory phases. The planning target 
volume was generated by adding a 0.5‑cm isotropic set‑up 
margin around the internal target volume. Adjacent organs at 
risk were outlined, including the lungs, spinal cord, esophagus, 
trachea, proximal bronchial tree, heart, great vessels, ribs, and 
skin. The SBRT plan was created using the Eclipse treat-
ment planning system (Varian Medical Systems) and 6 MV 
photons, with inhomogeneity corrections. The fixed‑field 
intensity modulated RT used 7 non‑opposing coplanar beams 
(Fig. 1A‑C). The dose fractionation scheme was 48 Gy in 
4 fractions delivered on consecutive days, and the prescribed 
dose covered 95% of the planning target volume conformally. 
Prior to each treatment, cone beam CT was performed to 
minimize the set‑up error. Prophylactic cranial irradiation 
(PCI) (8) was given in September 2011, as 25 Gy in 10 frac-
tions using 6 MV photons and two opposed lateral fields.

The patient was followed‑up every 3 months for the first 
2 years and every 6 months thereafter. A physical examination 
and chest CT were performed at each visit and PET‑CT yearly. 
A complete response to SBRT was observed along with signs 
of radiation pneumonitis or fibrosis on follow‑up imaging 
(Fig.  1D), although the patient developed no pulmonary 
symptoms. The patient is alive with no evidence of disease 
4 years after treatment. The present study was performed in 
accordance with the guidelines of the Institutional Review 
Board and informed consent was obtained from the patient 
prior to commencing SBRT.

Figure 1. (A‑C) Intensity‑modulated SBRT plan using 7 non‑opposing coplanar beams. The dose distribution with isodose lines ≥30% of the prescription 
dose is also shown. (D) Chest CT 40 months after SBRT shows focal non‑enhanced consolidation in the right upper lobe, without 18F‑fluorodeoxyglucose 
uptake on the positron emission tomography‑CT (not shown), indicating radiation‑induced fibrosis. SBRT, stereotactic body radiation therapy; CT, computed 
tomography.
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Discussion

Currently, the use of thoracic SBRT in primary lung cancer is 
restricted to NSCLC (9). For patients with stage I NSCLC who 
are medically inoperable or refuse surgery, conventional RT 
has disappointing outcomes; the 3‑year survival rate is 20‑35%, 
with local control rates of 30‑40% (9). Since SBRT replaced 
conventional RT for these patients, there has been a marked 
improvement in patient prognosis; the 3‑year survival rate is 
~60% and the local control exceeds 85‑90%, comparable to 
the outcomes after surgery (9,10). The primary reason for poor 
tumor control with conventional RT is the insufficient target 
dose, which is ~60 Gy (11). Conversely, the minimum biolog-
ical effective dose (BED) delivered by SBRT >100 Gy10 (11).

Compared with NSCLC, few studies have investigated 
SBRT in SCLC (12‑14). One reason is that ~5% of SCLCs are 
stage I (15). Surgery can be considered instead of RT for stage I 
SCLC (16). For inoperable stage I SCLC, a few case studies 
have addressed the use of SBRT. Shioyama et al (12) reported 
the SBRT outcomes of 8 cases with stage I SCLC: 6 patients 
were inoperable and 2 refused surgery. The SBRT treatment 
plan was 48 Gy delivered in 4 fractions. Chemotherapy was 
given to 6 patients, and no PCI was performed. The 3‑year 
local control and survival rates were 100% and 72%, respec-
tively. SBRT‑associated toxicity of grade 2 or more was not 
observed (12). Videtic et al (13) reported 6 cases with inoper-
able stage I SCLC whose primary tumors were managed with 
SBRT. The SBRT treatment plan was 60 Gy in 3 fractions, 
50 Gy in 5 fractions, or 30 Gy in 1 fraction. A total of 4 patients 
received chemotherapy and PCI. The 1‑year local control and 
survival rates were 100% and 63%, respectively. Only 1 case of 
grade 2 toxicity was observed, with no grade ≥3 toxicity (13). 
Ly et al (14) reported the SBRT outcomes of 8 patients with 
inoperable stage I SCLC and 3 patients who received SBRT 
as a salvage treatment for recurrent stage  I SCLC. The 
investigators suggested that SBRT is a reasonable approach 
for inoperable stage I SCLC, and stressed the importance of 
post‑SBRT chemotherapy (14). These studies demonstrated 
the potential value of SBRT for SCLC, which was concordant 
with its recognized value in NSCLC. However, to the best of 
our knowledge, to date no study has explored curative effect of 
thoracic SBRT for the treatment of ES‑SCLC.

Thoracic RT is not an established treatment for ES‑SCLC, 
except for symptom palliation (2). However, a small number 
of randomized trials demonstrated the beneficial effects of 
conventional thoracic RT in select ES‑SCLC patients (4,17). 
Jeremic et al  (17) randomized 109 ES‑SCLC patients who 
showed both a complete response at distant lesions and at 
least a partial response at local lesions following 3  initial 
chemotherapy cycles. The group that also received thoracic 
RT (54 Gy/36 fractions, b.i.d.) showed better local control 
and survival compared with the control group receiving 
further chemotherapy alone  (17). Recently, the results 
of a multi‑institutional randomized controlled trial were 
reported  (4). Slotman  et  al  (4) analyzed the outcomes of 
495 patients with ES‑SCLC who responded to 4‑6 initial 
cycles of chemotherapy. A group of 247 patients randomized 
to receive thoracic RT (30 Gy/10 fractions) and PCI showed 
improvement in terms of disease progression and survival 
compared with the control group, who received PCI and no 

thoracic RT (2‑year survival, 13% vs. 3%; P=0.004) (4). There 
was a 50% reduction in intrathoracic recurrence when thoracic 
RT was added, although >40% of the patients treated in this 
manner still had intrathoracic recurrence  (4). The authors 
suggested that a higher radiation dose using advanced delivery 
techniques would be more efficacious (4). In the present study, 
SBRT with novel RT technology was used to deliver a high 
radiation dose precisely and safely. The BED of 30 Gy/10 
fractions was 39.0 Gy10, whereas that of 48 Gy/4 fractions (the 
current case) was 105.6 Gy10.

The definition of the appropriate RT target volume for 
SCLC has not been fully defined. Regarding the RT target 
volume in LS‑SCLC, recent studies have recommended that 
the post‑induction chemotherapy tumor extent be considered 
and that elective nodal irradiation is not necessary (18‑21). 
For ES‑SCLC, the RT target volume in two randomized trials 
included pre‑chemotherapy metastatic mediastinal or hilar 
lymph nodes (4,17). Conversely, a phase II trial investigating 
thoracic RT for ES‑SCLC used an RT target volume limited 
to the post‑chemotherapy residual tumor  (22). SBRT was 
selected for the present patient as only the right upper lobe 
mass was suspected to be residual tumor. Lung SBRT typi-
cally targets small masses located in the peripheral lung (6,11). 
Chemotherapy response was evaluated using both chest CT and 
PET‑CT. van Loon et al (23) compared 18F‑fluorodeoxyglucose 
PET‑ and CT‑based selective nodal irradiation in SCLC and 
showed that the former yielded lower rates of isolated nodal 
failure and RT‑associated toxicities. The results of the study 
suggested that PET‑CT was the most reliable method for 
staging the mediastinum in SCLC, excluding pathological 
verification. This post‑chemotherapy assessment was deemed 
to have been accurate since there has been no disease recur-
rence inside or outside the SBRT target volume.

In conclusion, a careful evaluation of the chemotherapy 
response is mandatory for the implementation of SBRT in 
ES‑SCLC, of which the target volume is typically limited. 
When this condition is met, SBRT will enable enhanced local 
tumor control and patient survival compared with conventional 
RT encompassing a wide target volume or further chemo-
therapy without any RT. The results of the present case report 
suggests the efficacy of SBRT in select ES‑SCLC patients who 
have a small amount of residual tumor in the peripheral lung 
following chemotherapy.
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