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Abstract

Despite recent advances in surgical and multimodality treatments, lung cancer is
still the leading cause of death due to malignant disease worldwide. In Japan, the
number of surgical procedures for lung cancer has been steadily increasing (31,303
in 2009; 32,801 in 2010), totaling 33,878 in 2011. Lobectomy is a standard
operating procedure commonly performed worldwide, which is recommended as the
first choice of treatment for operable patients with clinical stage | or Il non-small cell
lung cancer. The proportion of Video-Assisted Thoracic Surgery (VATS) procedures
increasing from 59.6% in 2010 to 62.9% in 2011. However, the treatment of choice
varies depending on the extent of N2 lymph node involvement. Adjuvant therapy is
generally administered to improve these outcomes, although its long-term effectiveness
has not yet been demonstrated in lung cancer patients. Accordingly, there are great
expectations regarding the potential of induction therapy and neo-adjuvant therapy.
Nevertheless, the increased risk associated with surgery following induction therapy is
a concern, attributable to possible surgical complications, especially after combined
chemo-radiation therapy, and surgery-related death. Therefore, accurate mediastinal
lymph node staging is one of the most important factors that can affect the patient
outcome, as it not only determines the prognosis but also dictates the most suitable
treatment strategy. We report on the status of surgical therapy and postoperative
adjuvant chemotherapy for lung cancer patients in Japan. It is important to carefully
select the most appropriate therapy on the basis of reliable evidence after considering
the advantages as well as the potential therapeutic to improve the prognosis of each
patient.
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ABBREVIATIONS

VATS: Video-Assisted Thoracic Surgery; EBUS: Endbronchial
Ultrasound; CTCs: Circulating Tumor Cells; EBUS-TBNA:
Endobronchial Ultrasound-guided Transbroncheal Needle
Aspiration; EGFR: Epidermal growth factor receptor; EGFR-
TKI: Epidermal Growth Factor Receptor-Tyrosine Kinase
Inhibitor; UFT: Tegafur-uracil

INTRODUCTION

Lung cancer is associated with high mortality in developed
countries. In Japan, it is the most common cause of cancer-related
death in men, whereas it is second only to colorectal cancer in
women. Undoubtedly, early detection and rapid treatment have
a decisive influence on the prognosis of all types of cancer.
With regards to lung cancer, the therapeutic strategies differ
substantially between clinical stage IA and IIIB tumors, with
surgical treatment being the universally recommended first
choice for operable patients with clinical stage I or II non-small

cell lung cancer [1]. Although lobectomy is commonly performed
worldwide as the standard operating procedure, a more limited
operation using video-assisted thoracic surgery is becoming
popular [2]. However, even in patients with clinical stage I lung
cancer with localized tumors, the 5-year survival rate is only 70%
[3,4]. Thus, the use of postoperative adjuvant chemotherapy and
optimal therapeutic strategies lung cancer remain matters of
debate.

Present surgical therapy options

The primary purpose of surgical treatment in lung
cancer patients is tumor resection. However, for tailoring of
chemotherapy according to the biological characteristics of
each case, collection of tumor specimens and gene analysis are
indispensable for effective anticancer drug therapy. Accordingly,
procedures such as exploratory thoracotomy and thoracoscopic
tumor biopsy have come to play key roles, even in patients
who are preoperatively suspected to have clinical stage IIIB
or 1V cancer. In Japan, the number of surgical procedures for
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lung cancer has been steadily increasing (31, 303, 2009; 32,
801, 2010), totaling 33,878 in 2011 [5], with the proportion of
Video-Assisted Thoracic Surgery (VATS) procedures increasing
from 59.6% in 2010 to 62.9% in 2011. The definition of VATS
varies among institutions. At our institution, both pure VATS, (in
which the surgery is exclusively performed using a monitoring
device), and hybrid VATS, (in which VATS is combined with
other surgical procedures performed under direct vision using a
small open chest wound, 4 -7 cm in size), are considered as VATS
procedures [6]. The 30-day mortality for lung cancer patients
undergoing a lobectomy is as low as 0.3% (0.4%, 2010), whereas
pneumonectomy performed in 596 patients was reported to be
associated with an in-hospital death rate of 1.8% (1.8%, 2010)
[5]. Interstitial pneumonia was the most frequent cause of death
after lung cancer surgery, affecting 67 patients in Japan in 2011.

Clinical stage I and II lung cancer

The standard operating procedure for clinical stage I
lung cancer is lobectomy, although several studies on limited
operations for lung cancer with tumor diameters < 2cm have
been reported [7-9]. Moreover, lung cancer with extensive
ground-glass opacity on thoracic computed tomography has been
reported to be pathologically noninvasive [10], and some studies
have reported that a limited operation is indicated for such cases
[11,12]. Conversely, there is insufficient evidence supporting
the use of segmentectomy as a standard procedure. However a
prospective randomized controlled study is in progress and the
results are anticipated to provide important information with
respect to this issue.

In patients who were administered postoperative adjuvant
therapy, the 5-year survival rate increased by 2.5% in patients
with clinical stage I adenocarcinoma (85.4% for the surgery-
only group vs. 87.9% for the combined tegafur-uracil [UFT]
group), as a direct result of the adjuvant UFT therapy. Notably,
postoperative chemotherapy has been suggested to be effective
in patients with stage IB disease (stage IA: 5-year survival of
89.0% for both groups, p=0.886; stage IB: 5-year survival of
73.5% for the surgery-only group vs. 84.9% for the combined
UFT group) [13].

Clinical stage II1A lung cancer

The prognosis of patients with stage IIIA N2 disease with
mediastinal lymph node metastasis is poor. Even in patients with
complete tumor resection, the postoperative 5-year survival rate
is only 20 -30%. Adjuvant therapy is generally administered to
improve these outcomes, although its long-term effectiveness has
not yet been demonstrated in lung cancer patients. Accordingly,
there are great expectations regarding the potential of induction
therapy and neo-adjuvant therapy [14,15]. With induction
therapy, a sufficient dose of the drug can be administered with
good compliance by administration at a stage when patient
has a favorable preoperative performance status. This is an
important advantage of induction therapy as compared to
postoperative adjuvant therapy. Nevertheless, the increased risk
associated with surgery following induction therapy is a concern,
attributable to possible surgical complications, especially after
combined chemo-radiation therapy, and surgery-related death
[14]. Presently, there are no standard criteria for operative

indications in cN2 patients or for optimal treatment as induction
therapy. Therefore we have been attempting to accurately
classify disease stages since 2005.

In patients with suspected cN2, we aggressively perform
endobronchial  ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA); when cN2 is indeterminable, additional
mediastinoscopy is performed to confirm cytopathological
N2 (cpN2). In contrast, when cpNO-1 is confirmed, treatment
with surgery is possible. For patients with confirmed cpN2, we
aggressively perform induction therapy followed by surgery after
reevaluation of the mediastinum. Initial mediastinal lymph node
staging using EBUS-TBNA allows mediastinoscopy to be reserved
for re-staging after induction therapy [16, 17]. We believe that
surgical procedures should only be performed when the benefits
are obvious, and always by a team of experts, including thoracic
surgeons, medical and radiation oncologists, and pulmonologists.

Individualization of postoperative chemotherapy

Among the available biomarkers for predicting the effects
of chemotherapy for lung cancer, the Epidermal Growth Factor
Receptor (EGFR) gene abnormality is the most practical in clinical
settings for its association with the effects of EGFR tyrosine
kinase inhibitors (EGFR-TKI). In the IPASS trial of Asian lung
cancer patients, the results of an exploratory analysis suggested
that the effects of EGFR-TKI varied greatly according to the
presence of EGFR gene mutations [18]. Moreover, the EGFR gene
might serve as a prognostic factor for stage [ lung cancer patients
[19]. Furthermore, we have been studying Circulating Tumor
Cells (CTCs) in peripheral blood as possible surrogate marker of
microscopic metastasis.

We conducted a series of prospective studies on lung cancer
patients using the CellSearch system (Veridex LLC, Raritan, NJ),
to assess the clinical significance of CTCs. CTCs were detected
in the peripheral blood of 30.6% patients and were shown to
be significantly associated with clinically detectable distant
metastasis [20]. In our subsequent study, we found that CTC test
findings had significant prognostic value for small cell lung cancer
patients [21]. Along with prospective studies on CTCs in the
peripheral blood oflung cancer patients, we initiated a prospective
study on CTCs in pulmonary venous blood, as tumor cells that
may be shed by the primary tumor might circulate after passing
through the drainage pulmonary vein [22]. We first showed
direct evidence of a significant increase in the number of tumor
cells in the drainage pulmonary venous blood during lobectomy
for lung cancer, which suggested spillage of tumor cells due to
surgical manipulation [23]. Based on these findings, we speculate
that CTCs are important biomarkers for lung cancer. Recently,
the International Association for the Study of Lung Cancer, the
American Thoracic Society, and the European Respiratory Society
(IASLC/ATA/ERA) proposed a new classification system for lung
adenocarcinoma [24]; therefore, Woo and colleagues reevaluated
179 adenocarcinoma patients according to the new criteria.
Their results showed that high histological grade was the only
prognostic factor for postoperative recurrence [25]. Therefore,
we hope that there will be progress in the research efforts for
individualized surgical procedures according to the biological
characteristics of each case.
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CONCLUSION

In this review, we report on the status of surgical therapy
and postoperative adjuvant chemotherapy for lung cancer
patients in Japan. Effective treatment can be accomplished using
only surgery in patients with stage IA lung cancer, whereas
postoperative adjuvant chemotherapy is necessary for patients
with stage IB or more advanced lung cancer. However, these
findings have not been fully confirmed in Japanese patients, and
further studies are required to confirm these findings. Therefore,
it is important to carefully select the most appropriate therapy
on the basis of reliable evidence after considering the advantages
as well as the potential therapeutic to improve the prognosis of
each patient.

ACKNOWLEDGEMENT

We thank Mrs. Rieko Okumura for her assistance in the
preparation of the manuscript.

REFERENCES

1. Frank C. Detterbeck, Sandra Zelman Lewis, Rebecca Diekemper, et al.
Diagosis and Management of Lung Cancer 3™ ed: American college of
Chest Physicians Evidence-Based Clinical Practice Guidelines: CHEST.
2013 143: 7S-37S.

2. Flores RM, Ihekweazu UN, Rizk N, Dycoco ], Bains MS, Downey R], et al.
Patterns of recurrence andincidence of second primary tumors after
lobectomy by means of video-assisted thoracoscopic surgery (VATS)
versus thoracotomy for lung cancer. ] Thorac Cardiovasc Surg. 2011;
141: 59-64.

3. Goya T, Asamura H, Yoshimura H, Kato H, Shimokata K, Tsuchiya R, et
al. Prognosis of 6644 resected non-small cell lung cancers in Japan: a
Japanese lung cancer registry study. Lung Cancer. 2005; 50: 227-234.

4. Mountain CF. Revisions in the International System for Staging Lung
Cancer. Chest. 1997; 111: 1710-1717.

5. Amano ], Kuwano H, Yokomise H. Thoracic and cardiovascular surgery
in Japan during 2011: Annual report by The Japanese Association for
Thoracic Surgery. Gen Thorac Cardiovasc Surg. 2013; 61: 578-607.

6. Okada M, Sakamoto T, Yuki T, Mimura T, Miyoshi K, Tsubota N. Hybrid
surgical approach of video-assisted minithoracotomy for lung cancer:
significance of direct visualization on quality of surgery. Chest. 2005;
128:2696-2701.

7. Nakamura H, Kawasaki N, Taguchi M, Kabasawa K. Survival following
lobectomy vs limited resection for stage I lung cancer: a meta-analysis.
Br ] Cancer. 2005; 92: 1033-1037.

8. Tsubota N, Ayabe K, Doi O, Mori T, Namikawa S, Taki T, et al. Ongoing
prospective study of segmentectomy for small lung tumors. Study
Group of Extended Segmentectomy for Small Lung Tumor. Ann Thorac
Surg. 1998; 66: 1787-1790.

9. Yoshikawa K, Tsubota N, Kodama K, Ayabe H, Taki T, Mori T.
Prospective study of extended segmentectomy for small lung tumors:
the final report. Ann Thorac Surg. 2002; 73: 1055-1058.

10.Suzuki K, Koike T, Asakawa T, Kusumoto M, Asamura H, Nagai K, etal. A
prospective radiological study of thin-section computed tomography
to predict pathological noninvasiveness in peripheral clinical 1A lung
cancer (Japan Clinical Oncology Group 0201). ] Thorac Oncol. 2011;
6:751-756.

11.Yamato Y, Tsuchida M, Watanabe T, Aoki T, Koizumi N, Umezu H,

Cite this article

et al. Early results of a prospective study of limited resection for
bronchioloalveolar adenocarcinoma of the lung. Ann Thorac Surg.
2001; 71: 971-974.

12.Yoshida ], Nagai K, Yokose T, Nishimura M, Kakinuma R, Ohmatsu
H, et al. Limited resection trial for pulmonary ground-glass opacity
nodules: fifty-case experience. ] Thorac Cardiovasc Surg. 2005; 129:
991-996.

13.Kato H, Ichinose Y, Ohta M, Hata E, Tsubota N, Tada H, et al. A
randomized trial of adjuvant chemotherapy with uracil-tegafur for
adenocarcinoma of the lung. N Engl ] Med. 2004; 350: 1713-1721.

14.Betticher DC, Rosell R. Neoadjuvant treatment of early-stage
resectable non-small-cell lung cancer. Lung Cancer. 2004; 46 Suppl 2:
S23-32.

15.De Marinis F, Gebbia V, De Petris L. Neoadjuvant chemotherapy for
stage I1IA-N2 non-small cell lung cancer. Ann Oncol. 2005; 16 Suppl
4:iv116-122.

16.Yasufuku K, Chiyo M, Sekine Y, Chhajed PN, Shibuya K, lizasa T, et al.
Real-time endobronchial ultrasound-guided transbronchial needle
aspiration of mediastinal and hilar lymph nodes. Chest. 2004; 126:
122-128.

17.Yasufuku K, Nakajima T, Suzuki H, et al. Endobronchial ultrasound
guided transbronchial needle aspiration in patients with previous
malignancy and mediastinal and/or hilar lymphadenopathy. Am ]
Respir Crit Care Med 2007; A813.

18.Fukuoka M, Wu YL, Thongprasert S, Sunpaweravong P, Leong SS,
Sriuranpong V, et al. Biomarker analyses and final overall survival
results from a phase III, randomized, open-label, first-line study of
gefitinib versus carboplatin/paclitaxel in clinically selected patients
with advanced non-small-cell lung cancer in Asia (IPASS). ] Clin Oncol.
2011; 29: 2866-2874.

19.1zar B, Sequist L, Lee M, Muzikansky A, Heist R, lafrate ], et al. The
impact of EGFR mutation status on outcomes in patients with resected
stage I non-small cell lung cancers. Ann Thorac Surg. 2013; 96: 962-
968.

20.Tanaka F, Yoneda K, Kondo N, Hashimoto M, Takuwa T, Matsumoto
S, et al. Circulating tumor cell as a diagnostic marker in primary lung
cancer. Clin Cancer Res. 2009; 15: 6980-6986.

21.Naito T, Tanaka F, Ono A, Yoneda K, Takahashi T, Murakami H, et al.
Prognostic impact of circulating tumor cells in patients with small cell
lung cancer. ] Thorac Oncol. 2012; 7: 512-519.

22.0kumura Y, Tanaka F, Yoneda K, Hashimoto M, Takuwa T, Kondo N, et
al. Circulating tumor cells in pulmonary venous blood of primary lung
cancer patients. Ann Thorac Surg. 2009; 87: 1669-1675.

23.Hashimoto M, Tanaka F, Yoneda K, Takuwa T, Matsumoto S, Okumura
Y, et al. Significant increase in circulating tumour cells in pulmonary
venous blood during surgical manipulation in patients with primary
lung cancer. Interact Cardiovasc Thorac Surg. 2014; 18: 775-783.

24.Travis WD, Brambilla E, Noguchi M, et al. Circulating Tumor Cells in
Pulmonary Venous Blood during Surgical Manipulation in Patients
with Primary Lung Cancer. Interact ] Cardiovsc Thorac Surg (in press)
Intenational Association for the Study of Lung Cancer, the American
Thoracic Society and European Respuratory Society (IASLC/ATS/ERS)
International multidisciplinary classfication of lung adenocarcinoma.
] Thorac Oncol 2011; 6: 244-285.

25.Woo T, Okudela K, Mitsui H, Tajiri M, Yamamoto T, Rino Y, et al.
Prognostic value of the IASLC/ATS/ERS classification of lung
adenocarcinoma in stage I disease of Japanese cases. Pathol Int. 2012;
62:785-791.

Okumura Y, Nakata S, Hasegawa S, Tanaka F (2014) Surgical Therapy for Non-small Cell Lung Cancer in Japan. J Cancer Biol Res 2(1): 1028.

J Cancer Biol Res 2(1): 1028 (2014)

3/3


http://journal.publications.chestnet.org/issue.aspx?issueid=926876
http://journal.publications.chestnet.org/issue.aspx?issueid=926876
http://journal.publications.chestnet.org/issue.aspx?issueid=926876
http://journal.publications.chestnet.org/issue.aspx?issueid=926876
http://www.ncbi.nlm.nih.gov/pubmed/21055770
http://www.ncbi.nlm.nih.gov/pubmed/21055770
http://www.ncbi.nlm.nih.gov/pubmed/21055770
http://www.ncbi.nlm.nih.gov/pubmed/21055770
http://www.ncbi.nlm.nih.gov/pubmed/21055770
http://www.ncbi.nlm.nih.gov/pubmed/16061304
http://www.ncbi.nlm.nih.gov/pubmed/16061304
http://www.ncbi.nlm.nih.gov/pubmed/16061304
http://www.ncbi.nlm.nih.gov/pubmed/9187198
http://www.ncbi.nlm.nih.gov/pubmed/9187198
http://www.ncbi.nlm.nih.gov/pubmed/23990117
http://www.ncbi.nlm.nih.gov/pubmed/23990117
http://www.ncbi.nlm.nih.gov/pubmed/23990117
http://www.ncbi.nlm.nih.gov/pubmed/16236944
http://www.ncbi.nlm.nih.gov/pubmed/16236944
http://www.ncbi.nlm.nih.gov/pubmed/16236944
http://www.ncbi.nlm.nih.gov/pubmed/16236944
http://www.ncbi.nlm.nih.gov/pubmed/15756281
http://www.ncbi.nlm.nih.gov/pubmed/15756281
http://www.ncbi.nlm.nih.gov/pubmed/15756281
http://www.ncbi.nlm.nih.gov/pubmed/9875790
http://www.ncbi.nlm.nih.gov/pubmed/9875790
http://www.ncbi.nlm.nih.gov/pubmed/9875790
http://www.ncbi.nlm.nih.gov/pubmed/9875790
http://www.ncbi.nlm.nih.gov/pubmed/11996240
http://www.ncbi.nlm.nih.gov/pubmed/11996240
http://www.ncbi.nlm.nih.gov/pubmed/11996240
http://www.ncbi.nlm.nih.gov/pubmed/21325976
http://www.ncbi.nlm.nih.gov/pubmed/21325976
http://www.ncbi.nlm.nih.gov/pubmed/21325976
http://www.ncbi.nlm.nih.gov/pubmed/21325976
http://www.ncbi.nlm.nih.gov/pubmed/21325976
http://www.ncbi.nlm.nih.gov/pubmed/11269483
http://www.ncbi.nlm.nih.gov/pubmed/11269483
http://www.ncbi.nlm.nih.gov/pubmed/11269483
http://www.ncbi.nlm.nih.gov/pubmed/11269483
http://www.ncbi.nlm.nih.gov/pubmed/15867771
http://www.ncbi.nlm.nih.gov/pubmed/15867771
http://www.ncbi.nlm.nih.gov/pubmed/15867771
http://www.ncbi.nlm.nih.gov/pubmed/15867771
http://www.ncbi.nlm.nih.gov/pubmed/15102997
http://www.ncbi.nlm.nih.gov/pubmed/15102997
http://www.ncbi.nlm.nih.gov/pubmed/15102997
http://www.ncbi.nlm.nih.gov/pubmed/15698528
http://www.ncbi.nlm.nih.gov/pubmed/15698528
http://www.ncbi.nlm.nih.gov/pubmed/15698528
http://www.ncbi.nlm.nih.gov/pubmed/15923411
http://www.ncbi.nlm.nih.gov/pubmed/15923411
http://www.ncbi.nlm.nih.gov/pubmed/15923411
http://www.ncbi.nlm.nih.gov/pubmed/15249452
http://www.ncbi.nlm.nih.gov/pubmed/15249452
http://www.ncbi.nlm.nih.gov/pubmed/15249452
http://www.ncbi.nlm.nih.gov/pubmed/15249452
http://www.ncbi.nlm.nih.gov/pubmed/21670455
http://www.ncbi.nlm.nih.gov/pubmed/21670455
http://www.ncbi.nlm.nih.gov/pubmed/21670455
http://www.ncbi.nlm.nih.gov/pubmed/21670455
http://www.ncbi.nlm.nih.gov/pubmed/21670455
http://www.ncbi.nlm.nih.gov/pubmed/21670455
http://www.ncbi.nlm.nih.gov/pubmed/23932319
http://www.ncbi.nlm.nih.gov/pubmed/23932319
http://www.ncbi.nlm.nih.gov/pubmed/23932319
http://www.ncbi.nlm.nih.gov/pubmed/23932319
http://www.ncbi.nlm.nih.gov/pubmed/19887487
http://www.ncbi.nlm.nih.gov/pubmed/19887487
http://www.ncbi.nlm.nih.gov/pubmed/19887487
http://www.ncbi.nlm.nih.gov/pubmed/22258473
http://www.ncbi.nlm.nih.gov/pubmed/22258473
http://www.ncbi.nlm.nih.gov/pubmed/22258473
http://www.ncbi.nlm.nih.gov/pubmed/19463575
http://www.ncbi.nlm.nih.gov/pubmed/19463575
http://www.ncbi.nlm.nih.gov/pubmed/19463575
http://www.ncbi.nlm.nih.gov/pubmed/24618055
http://www.ncbi.nlm.nih.gov/pubmed/24618055
http://www.ncbi.nlm.nih.gov/pubmed/24618055
http://www.ncbi.nlm.nih.gov/pubmed/24618055
http://www.ncbi.nlm.nih.gov/pubmed/23252867
http://www.ncbi.nlm.nih.gov/pubmed/23252867
http://www.ncbi.nlm.nih.gov/pubmed/23252867
http://www.ncbi.nlm.nih.gov/pubmed/23252867

	Surgical Therapy for Non-small Cell Lung Cancer in Japan
	Abstract
	Abbreviations
	Introduction
	Present surgical therapy options
	Clinical stage I and II lung cancer
	Clinical stage IIIA lung cancer
	Individualization of postoperative chemotherapy

	Conclusion
	Acknowledgement
	References

