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Introduction

Pulmonary metastasectomy has come to be recognized 
as an effective treatment for selected patients with  
colorectal cancer, renal cancer and other malignancies, 
and in recent years, long-term survival after pulmonary 

metastasectomy has been reported in patients with several 
malignancies.1–3) On the other hand, the role of pulmonary 
metastasectomy in gastric cancer patients with pulmonary 
metastasis is still unclear.

The prognosis of patients with metastatic gastric can-
cer is poor. The median survival after diagnosis of pulmo-
nary metastasis is 4 months, and even in patients treated 
by chemotherapy, the reported 5-year survival is only 
2%–4%.4–6) Recently, several studies have revealed rela-
tively good surgical outcomes, and the role of pulmonary 
metastasectomy is becoming clearer.7–9)

In this study, we reviewed the clinicopathological fea-
tures of 10 patients who underwent pulmonary metasta-
sectomy for gastric cancer, and examined the outcomes 
and prognostic factors affecting the survival of the patients 
after the pulmonary metastasectomy. 
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Methods

Patient cohort
From January 1985 to December 2012, 10 patients 

underwent pulmonary metastasectomy for metastatic 
gastric cancer at the Saitama Cancer Center Hospital; a 
total of 822 patients underwent pulmonary metastasec-
tomy for metastatic lung tumors and 4898 patients under-
went gastrectomy for gastric cancer during this period. 
We basically used Thomford’s criteria as a guideline for 
performing resection of the pulmonary metastases.10)  
The inclusion criteria were as follows: (1) the patient 
must be a good risk for pulmonary resction, (2) controlled 
disease at the primary site, (3) no other extrapulmonary 
metastases, and (4) pulmonary metastasis limited to  
one lung. 

We performed pulmonary metastasectomy for the 
patients with bilateral tumors or extrapulmonary metasta-
ses, only if the tumor at the primary site was controlled or 
there is no effective therapy other than surgery. 

In this study, we reviewed 10 patients with metastatic 
gastric cancer who underwent pulmonary resection, 
including nine who had undergone the gastrectomy for the 
primary gastric cancer at our institution, and one at another 
institution. The patients were aged 54–71 years (mean age, 
64.1 years) at the time of the gastrectomy, and 54–73 years 
(mean age, 66.4 years) at the time of the pulmonary metas-
tasectomy. All were males.

Patient follow-up and evaluation of the outcomes
Data on the outcomes, including the morbidity, mor-

tality and survival, were obtained from the patient 
records. All patients were followed up until death after 
the pulmonary resection: the death was cancer-related in 
8 of the 10 patients and not related to the cancer in one 
patient, while one patient is still alive and cancer-free. 
The median follow-up period of the patients after the 
pulmonary metastasectomy was 26.8 months (range, 
6.5–96.6).

Pathological diagnosis
The Japanese classification of gastric carcinoma (3rd 

English edition) was used for the tumor staging, and the 
tumor depth and presence/absence of node metastasis 
was considered.11) Histology was defined as papillary 
(pap), tubular (tub), poorly differentiated (por) adeno-
carcinoma, or others. Both the gastrectomy and lymph 
node dissection were carried out based on the Japanese 
Gastric Cancer Treatment Guidelines 2010 (version 3).12)

Statistical analyses
Statistical calculations were carried out using a statisti-

cal software program (IBM SPSS Statistics version 21; 
IBM SPSS, New York, USA). The overall survival (OS) 
was statistically analyzed using the Kaplan-Meier esti-
mated survivavl curves. The differences between the sur-
vival curves were analyzed using the log-rank test. Hazard 
ratios (HR) in the patient subsets were calculated using the 
Cox proportional hazards model. Differences were consid-
ered significant when the p-value was <0.05.

Results

Clinicopathological features of the patients with 
metastatic gastric cancer

The clinicopathological features of the patients with 
metastatic gastric cancer are shown in Table 1. Nine had 
undergone total gastrectomy and one had undergone distal 
gastrectomy for the primary gastric cancer. The distribu-
tion of the pathological stage of the primary gastric cancer 
was as follows: stage I, one patient; stage II, five patients; 
stage III, one patient; stage IV, three patients. The stage IV 
patients included two with synchronous liver metastasis 
and one with metastasis to sites other than the regional 
lymph nodes (distant metastasis). Complete resection at 
gastrectomy had been achieved in all the cases, in particu-
lar, in the three patients with stage IV disease. The histo-
logical type of the primary gastric cancer was distributed as 
follows: papillary adenocarcinoma in one patient, tubular 
adenocarcinoma in five patients, and poorly differentiated 
adenocarcinoma in four patients. The median disease-free 
interval (DFI) after gastrectomy was 16.2 months (range, 
2.3–52.4 months). In seven patients, the first site of recur-
rence was the lung. The median interval between the gas-
trectomy and pulmonary metastasectomy was 29.5 months 
(range, 5.1–53.2 months). 

Pulmonary metastasis and pulmonary metastasectomy
The pulmonary lesions were solitary in 5 of the 10 cases, 

and multiple in the remaining five cases (Table 2). The 
median largest tumor size was 19 mm (range, 6–55 mm). 
The median tumor doubling time (TDT) was 46 days 
(range, 19–289 days). 

The surgical procedure and clinical course after pulmo-
nary metastasectomy in the 10 patients of our study are 
shown in Table 2. Eight patients were diagnosed as hav-
ing metastatic gastric cancer, while in the remaining two, 
primary lung cancer could not be ruled out. An intraoper-
ative frozen section diagnosis was performed in 8 patients, 
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and all eight were confirmed as having metastatic gastric 
cancer. Wedge resection was performed in eight patients, 
and lobectomy in two. The reasons for performing lobec-
tomy were as follows: difficulty in distinguishing meta-
static gastric carcinoma from primary lung adenocarcinoma 
in the intraoperative frozen section diagnosis, and large 
tumor size. No postoperative complications were observed. 
The median DFI after the pulmonary metastasectomy was 
17.8 months (range, 0–96.6 months).

Results of univariate analysis carried out to  
identify predictors of the OS following pulmonary  
metastasectomy and the survival curves

The results of the univariate analysis are shown in  
Table 3, and the Kaplan-Meier curves for survival are shown 
in Fig. 1. The overall 3-year survival rate after pulmonary 
metastasectomy was 30.0%, and the median survival time 
following pulmonary resection was 26.8 months. Univariate 
analysis identified early gastric cancer as being significantly 
associated with a favorable survival. The HR in stage III/IV 
patients as compared to stage I/II patients was 6.68 (95% 
confidence interval 1.17–38.03; p = 0.032). The cumulative 
3-year survival rate in patients with stage I/II gastric cancer 

was 50.0%, whereas that in patients with stage III/IV gastric 
cancer was 0% (p = 0.015, Fig. 1A). The first site of recur-
rence also significantly influenced the survival. The HR in 
patients with a history of extrapulmonary metastasis prior to 
the pulmonary metastasectomy as compared to patients 
without a history of extrapulmonary metastasis prior to pul-
monary metastasectomy was 13.55 (95% CI 1.36–135.16;  
p = 0.026). The cumulative 3-year survival rate in patients 
without a history of extrapulmonary metastasis prior to the 
pulmonary metastasectomy was 42.9%, whereas that in 
patients with a history of extrapulmonary metastasis prior to 
the pulmonary metastasectomy was 0% (p = 0.005, Fig. 1B). 
The 3-year cumulative survival in the patients without either 
of the aforementioned adverse prognostic factors  
was 60.0%, while that in the patients with one or more of  
the aforementioned adverse prognostic factors was 0%  
(p = 0.006, Fig. 1C).

Discussion

In the present study, we reviewed the data of 10 patients 
with metastatic gastric cancer who underwent pulmonary 
metastasectomy at a single institution. While gastric cancer 

Table 3 Results of the univariate analysis for the OS following pulmonary metastasectomy

Baseline and clinical features Patients
OS

HR 95% CI p-value

Initial stage of gastric cancer
 I/II 6  1.00
 III/IV 4  6.68 1.17–38.03 0.03

Histological type of gastric cancer
 por 4  1.00
 pap/tub 6  0.11 0.012–1.053 0.06

DFI following gastrectomy
 <Median (16.2 months) 5  1.00
 >Median (16.2 months) 5  0.47 0.10–2.15 0.33

History of extrapulmonary metastasis
 without a history 3  1.00
 with a history 7 13.55 1.36–135.16 0.03

Number of Lesions
 One 5  1.00
 Two or more 5  1.99 0.44–9.05 0.35

TDT (n = 8)
 <Median (46 days) 4  1.00
 >Median (46 days) 4  0.46 0.074–2.86 0.41

Surgical procedure
 Wedge resection 8  1.00
 Lobectomy 2  1.04 0.20–5.47 0.96

OS: overall survival; HR: hazard ratios; 95% CI: 95% confidence interval; DFI: disease-free 
interval; TDT: tumor doubling time
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is one of the most commonly encountered malignancies in 
clinical practice, solitary pulmonary metastases are rare in 
patients with gastric cancer. Metastatic gastric cancer is 
often unresectable because it often occurs in the form of 
lymphangitic carcinomatosis or is associated with numer-
ous lesions.13,14) The reported incidence of pulmonary 
resection for metastatic gastric cancer is 0.4%–3.5% in 
patients undergoing pulmonary metastasectomy and 
0.1%–0.26% in patients undergoing gastrectomy for 
gastric cancer.9,15,16) Our data were consistent with these 
reported values (1.2% in patients undergoing pulmonary 
metastasectomy and 0.2% in patients undergoing gastrec-
tomy for gastric cancer.). 

The lung is one of the most frequent sites of distant 
metastasis in patients with gastric carcinoma, and  

pulmonary metastasis is known to be associated with a 
poor prognosis in these patients. Recently, however, sev-
eral case reports have been published of gastric cancer 
patients showing long-term survival after pulmonary 
metastasectomy,7,17) and also several reports of prognostic 
factors in patients with metastatic gastric cancer undergoing 
pulmonary metastasectomy.7–9) Kemp et al.7) summarized 21 
studies and analyzed the data of 43 patients who underwent 
pulmonary metastasectomy for metastatic gastric cancer. 
They reported an overall 5-year survival rate of 33% and a 
median survival time of 29 months (range, 3–84 months). 
They also concluded that it is reasonable to consider pulmo-
nary metastasectomy in patients with single, small lesions 
and a long DFI. Based on a review of 51 patients, Shiono  
et al.8) reported that the 5-year overall survival rate after  

Fig. 1  Overall survival rates after pulmonary metastasectomy. (A) Survival curves for patients with  
early-stage gastric cancer (bold line) and patients with advanced-stage gastric cancer (dashed line). 
(Log-rank test, p = 0.015) (B) Survival curves for the patients without a history of extrapulmonary 
metastasis prior to the pulmonary metastasectomy (bold line) and those with a history of extrapulmo-
nary metastasis prior to the pulmonary metastasectomy (dashed line). (Log-rank test, p = 0.005)  
(C) Survival curves for patients without poor prognostic factors (bold line) and those with either or 
both of the identified poor prognostic factors (dashed line). (Log-rank test, p = 0.006)

(A) (B)

(C)
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pulmonary metastasectomy was 28% and that the survival in 
patients with a DFI of less than 12 months was significantly 
lower than that in patients with a DFI of 12 months or longer. 
Kobayashi et al.9) reviewed the data of 14 patients and 
reported that the 5-year overall survival rate was 58.4%, and 
that the TDT was a significant predictor of the disease-free 
survival (DFS). 

Until date, patients with recurrent or advanced gastric 
cancer continue to have a poor prognosis. Systemic chemo-
therapy is widely accepted as palliative treatment for these 
patients, as it has been verified to improve the quality of life 
and prolong the survival time of these patients. According 
to the literature, however, the median survival time of 
advanced or recurrent gastric cancer patients treated with 
first-line chemotherapy is typically less than one year.18–22) 
The 3-year survival rate of gastric cancer patients after pul-
monary metastasectomy at our institution was 30% and the 
median survival time was 26.8 months, worse than the val-
ues reported previously. In our study, however, univariate 
analysis revealed that early-stage (pathological stage I or II) 
gastric cancer and absence of extrapulmonary metastasis 
were associated with a significantly favorable prognosis at 
3 years. Moreover, our series included a patient who is still 
alive more than 8 years after pulmonary metastasectomy and 
11 years after gastrectomy. Although we could not reach a 
conclusion as to the indications for pulmonary metastasec-
tomy in patients with metastatic gastric cancer because of 
the small number of cases, the result of this study suggest 
that pulmonary metastasectomy should be considered in 
selected patients with metastatic gastric cancer. Pulmonary 
metastasectomy is possibly associated with at least a favor-
able 3-year prognosis in patients with early gastric cancer 
and those without a history of extrapulmonary metastasis 
prior to the pulmonary metastasectomy. 
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