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a b s t r a c t

The current standard-of-care treatment for patients with limited-stage small-cell lung cancer (SCLC) is
concurrent chemoradiotherapy for local and systemic control. However, standard-of-care treatment stra-
tegies have not been established for those with limited-stage SCLC who have a history of thoracic radio-
therapy due to concerns with complications associated with radiation overdose. A 37-year-old male
developed an aspergilloma in the postoperative left thoracic space after he was treated with concurrent
chemoradiotherapy for mediastinal type lung adenocarcionoma and subsequent left upper lobectomy for
heterochronous dual adenocarcinoma. Fiberoptic bronchoscopy was performed to examine the status of
the suspected bronchopleural fistulawhen a polypoidmass was observed in the rightmainstem bronchus.
A histological examination showed that themasswas SCLC at a clinical stage of cTisN0M0, stageIA, without
local invasion. Since thoracic radiotherapy was not an option due to a previous history of thoracic irradi-
ation, a combination treatment of carboplatin and etoposide was administered for 4 cycles and resulted in
good partial response. In addition, argon plasma coagulation (APC) was performed as an alternative to
curative radiotherapy on day 22 of the 4th cycle. The 5th cycle was administered 7 days after APC at which
the anticancer therapywas completed. The patient remains disease-free 60months after the completion of
treatment, which suggests that this combination therapy may resolve very early-stage SCLC.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Small-cell lung cancer (SCLC) possesses high malignant poten-
tial and aggressive clinical course that may spread to regional
lymph nodes and distant organs during the early stages [1]. The
current standard-of-care treatment for patients with limited-stage
SCLC is concurrent chemoradiotherapy for local and systemic
control [2,3]. However, there is currently no established strategy for
patients with limited-stage SCLC who had previously received
thoracic external beam radiation therapy (EBRT).

This report describes a patient with very early-stage SCLC in
the right mainstem bronchus (cTisN0M0, stageIA) who had a
previous history of thoracic EBRT and was successfully treated
with a combination treatment of carboplatin and etoposide
).
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followed by argon plasma coagulation (APC). He remains disease-
free for 60 months.

2. Case report

A 37-year-old male developed an aspergilloma in the post-
operative left thoracic cavity after receiving concurrent chemo-
radiotherapy for mediastinal type lung adenocarcionoma and
subsequent left upper lobectomy for heterochronous dual adeno-
carcinoma (Fig.1A). Since the systemic administration of anti-fungal
agents was ineffective, thoracic surgery was considered. When
fiberoptic bronchoscopy (FOB)wasperformed, apolypoid lesionwas
observed in the right mainstem bronchus (Fig. 1B) that exhibited
magenta in an autofluorescence image (Fig. 1C). Histological exam-
ination demonstrated that the mass was SCLC. Contrast-enhanced
CT of the chest did not show the tumor, its invasion into the bron-
chial cartilage, or apparent metastases into the regional lymph
nodes (Fig. 1D). Whole-body evaluation demonstrated no distant
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Images of the chest CT (A, D) before the treatment showed an aspergilloma located in the left thoracic cavity (A). However, it was difficult to detect a mass in the right
mainstem bronchus and marked lymph nodes swelling (A, D). Images from white-light (B) and autofluorescence (C) bronchoscopy demonstrated a polypoid lesion in the right
mainstem bronchus that is shown in magenta in the autofluorescence image.
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organ metastases. Although endobronchial ultrasound was not
available, the macroscopic findings from FOB and contrast-
enhanced CT of the chest suggested that the lesion was confined in
the bronchial mucosa without local invasion. Therefore, the clinical
stage was considered to be cTisN0M0, stageIA.

Since additional EBRT could not be administered due to a pre-
vious history of thoracic EBRT, a combination treatment of carbo-
platin and etoposide was administered. The tumor response was
Fig. 2. Images of fiberoptic bronchoscopy (FOB) obtained on day 22 of the 4th cycle before
lesion was observed (A), and APC was conducted by using appropriate settings (B). Images of
the postoperative status of the left cavernostomy and no abnormalities in the right mainstem
bronchoscopy (D).
assessed by FOB after 2 cycles and showed good partial response.
With the intention for complete cure, APC [4] was employed for
local treatment on day 22 of the 4th cycle in order to have local
control. An image from a FOB session on day 22 prior to APC is
shown in Fig. 2A.

Under topical anesthesia, a fiberoptic bronchoscope was inser-
ted and an axial probe tip was selected for APC. APC was performed
using the following parameters: pulsed mode, effect 1, argon gas
(A) and after (B) treatment by argon plasma coagulation (APC) are shown. A scar-like
chest CT (C) and FOB (D) obtained 24 months after the APC are shown. Chest CT showed
bronchus were found (C). A scar-like epithelial thickening was observed by white-light
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flow 0.8 L/min, a maximum of 35 W, and setting a margin of 5 mm
around the pre-treatment image. After each session, the loss of
magenta emission was confirmed by autofluorescent imaging to
ensure APC was properly added. The color of the bronchial mucosa
became brown inside of the preset margin area after the end of the
entire procedure (Fig. 2B). The procedure was performed under
oxygen administration of 1 L per minute. The time required for the
entire procedure was 20 minutes.

A 5th cycle of chemotherapy was performed 7 days after APC
when the anticancer therapy was completed. The patient subse-
quently underwent staged thoracostomy and cavernostomy in or-
der to stabilize the aspergillosis.

He currently remains disease-free for 60 months, and contrast-
enhanced CT of the chest and FOB showed only a scar-like lesion
(Fig. 2C and D, respectively). Considering the aggressive nature and
high malignant potential of SCLC, the disease was completely
resolved by the combination of chemotherapy and APC.

3. Discussion

Although various cancer treatments are being developed to
improve prognosis, the number of heterochronous dual lung cancer
is still increasing [5e7]. Since SCLC possesses high malignant po-
tential [1], surgery is applied in limited cases. Therefore, chemo-
radiotherapy is the standard-of-care treatment for patients with
limited-stage SCLC [2,3]. However, a standard treatment strategy
for patients with a previous history of thoracic EBRT is not yet
established. In these cases, curative doses of additional EBRT is
intolerable and, as a result, other strategies need to be considered
for a complete cure. Although cures are considered impossible
without chemoradiotherapy for cases with regional lymph node
metastases, a combination treatment of endobronchial therapy and
chemotherapy could lead to the complete cure in cases with
limited-stage SCLC that is confined in the mucosa without extrac-
artilaginous invasion.

The detection of SCLC in situ is quite rare, and the primary
strategy is concurrent chemoradiotherapy, which is similar to
limited-stage SCLC. In our case, the lesionwas incidentally detected
during a preoperative survey by white-light and autofluorescence
bronchoscopy. A combined chemotherapy preceded a local treat-
ment due to previous EBRT. After confirming the response of
chemotherapy by FOB, additional treatment for local control was
considered that would take into consideration the previous history
of EBRT.

Although the previous EBRT was considered to be an absolute
contraindication for future EBRT, the development of intensity
modulated radiation therapy (IMRT) has changed the therapeutic
options. IMRT has come to be employed in some cases as an
alternative method for reirradiation. However, IMRT has relatively
short history, and the long-term adverse events after reirradiation
with IMRT are unclear. Therefore, endobronchial therapies are
usually performed in these cases.

Several types of endobronchial therapies are performed in the
management of lung cancer [8e12] such as photodynamic therapy
[13e15], high-dose-rate brachytherapy [15e21], electrocautery
[22], APC [4,23], neodymium yttrium-aluminium-garnet (Nd-YAG)
laser therapy [24,25], and cryotherapy [26]. These methods have
been used for both the palliation of obstructing inoperable lung
cancers in combinationwith [18,21] or after EBRT [16], and primary
treatment of early-stage radiographically occult non-small cell lung
cancer [17]. Most have been performed for early-stage non-small
cell lung cancer, and their application to SCLC is quite rare. In
particular, the application of APC is quite rare; one case reported
the application of APC to central type squamous cell carcinoma [4]
and another used a combination of APC and electrocautery in a
patient with SCLC to palliate bronchial obstruction [23].
APC is a monopolar electrosurgical procedure that transfers

electrical energy to the target tissue using a jet of ionized argon gas
and leads to coagulation necrosis of the superficial tumor without
damaging the surrounding tissue. Once the argon gas is sparked, it
turns into plasma, and the energy transfer between the electrode
and the tissue occurs by electrophysical laws in contrast to laser
technology that is under optical laws. Therefore, the plasma is
sprayed toward the target tissue without causing the tumor and
surrounding tissues to bleed. The application of energy with pulsed
APC effect 1 enables higher energy output per pulse with longer
intervals between pulses (approximately 1 pulse per second),
which provides a safer and stronger antitumor action. Since tissue
injury is caused by endogenous heating of the target tissue through
an electrical current, pulsed APC, effect 1, andmaximum 35Wwere
selected as the most appropriate settings to limit the depth of
thermal injury to the surrounding tissue (estimated maximum
coagulation depth ranging between 1.5 and 2.0 mm).

4. Conclusions

In this patient, we employed APC as endobronchial therapy
because the tumor was confined in the mucosa without apparent
invasion, and also to avoid in-depth tissue injury to prevent com-
plications, such as bleeding and bronchial perforation, due to a
previous history of EBRT.

This study is the first to apply APC for the treatment of limited-
stage SCLC for a complete cure with a documented long-term dis-
ease-free survival.
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