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Abstract. Surgical treatment for metachronous second 
primary lung cancer following curative resection of primary 
lung cancer may be challenging. Standard surgical strategies 
for metachronous second primary lung cancer have not yet 
been established. The purpose of this study was to evaluate 
the outcomes of patients who underwent surgical resec-
tion for metachronous second primary lung cancer. A total 
of 12 patients surgically treated for metachronous second 
primary lung cancer ≥5 years after the initial surgery were 
retrospectively analyzed. The overall 5-year survival after the 
second surgery was 56.5%. There was no operative mortality. 
Patients with T1aN0M0 metachronous second primary lung 
cancer experienced a significantly higher 5-year overall 
survival rate compared with other patients (100 vs. 26.7%, 
respectively; P=0.0336). Among patients who under-
went sublobar resection, all 3 patients with T1aN0M0 
disease remained alive at the last follow-up, while 4 of the 
5 patients (80%) with non-T1aN0M0 disease had developed 
recurrence. Surgery for metachronous second primary lung 
cancer may be safely performed. Early-stage metachronous 
second primary lung cancer was associated with a good prog-
nosis, even among patients who underwent sublobar resection. 
Early detection of metachronous second primary lung cancer 
with close long-term follow-up following initial surgery may 
improve surgical outcomes.

Introduction

Lung cancer is an aggressive malignancy and remains the 
most common cause of cancer-related mortality worldwide. 
Pulmonary resection is currently the most effective treatment 
for patients with non-small-cell lung cancer. However, even if 

patients undergo curative surgical resection for primary lung 
cancer, they are at risk for developing metachronous second 
primary lung cancers. The risk of developing a metachronous 
second primary lung cancer in patients who survive resection 
of a non-small-cell lung cancer is 1-2%/patient/year (1,2). 
The standard surgical treatment for patients with resectable 
non-small-cell lung cancer is pulmonary lobectomy (3). 
However, patients with metachronous second primary lung 
cancer are frequently unable to tolerate lobectomy due to their 
low cardiopulmonary functional reserve, advanced age and 
medical comorbidities. There is currently no definitive guide-
line on surgical therapy for metachronous second primary 
lung cancer. Metachronous second primary lung cancers 
are often defined using the criteria proposed by Martini and 
Melamed (4). These criteria, provided that the histological 
type is the same as that of the primary lung cancer, comprise 
the following: A disease-free interval between cancers of 
≥2 years; the second cancer originating from carcinoma in situ; 
first and second primary lung cancers occurring in different 
lobes, with no carcinoma detectable in the lymph nodes 
common to both; and no extrapulmonary metastasis present 
at the time of diagnosis. However, a disease-free interval of at 
least 2 years is arguable, as chest computed tomography (CT) 
currently allows for earlier detection of tumors and the inci-
dence of adenocarcinoma has increased (5). Recent studies 
reported that a disease-free interval of <2 or >2 years was not 
associated with survival differences in patients with diagnosed 
metachronous second primary lung cancer (5-7). In this study, 
we retrospectively analyzed surgically treated metachronous 
second primary lung cancers that occurred ≥5 years after the 
initial surgery.

Materials and methods

Patients and follow‑up. Of the 947 patients who underwent 
surgical resection for primary lung cancer at our institution 
between January, 2000 and December, 2012, 12 patients (1.3%) 
who underwent second surgery for metachronous second 
primary lung cancer were enrolled in this study; the interval 
between the initial and second surgeries was ≥5 years. The 
pathologists in our hospital confirmed the diagnosis of meta-
chronous lung cancer by examining the surgical specimens 
from the initial and second surgeries under a microscope. 
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More than 5 years after the initial resection of the primary 
lung cancer, all 12 patients were followed up every 3-6 months. 
In the outpatient setting, the patients underwent chest X-ray or 
CT and evaluation of tumor markers. The following param-
eters were extracted from medical records: Patient gender, age, 
tumor size, tumor location, surgical procedure, histological 
type, pathological TNM stage, time of initial and second 
surgeries and patient outcome. Survival was calculated from 
the date of the second resection to the date of the last follow-up 
or death. All the patients were staged according to the seventh 
edition of the TNM classification (8).

Statistical analysis. Statistical analysis was performed using 
JMP software, version 8.0.1 (SAS Institute Inc., Cary, NC, 
USA). The cumulative survival rates were calculated by the 
Kaplan-Meier method using the date of second surgery as the 
starting point. Survival differences were determined by the 
log-rank analysis. P<0.05 was considered to indicate statisti-
cally significant differences.

Results

Patient characteristics. The study group consisted of 7 men 
and 5 women. The median age of the patients at the second 
surgery was 70.5 years (range, 27-83 years). The characteris-
tics of the primary lung cancers are shown in Table I and those 
of metachronous second primary lung cancers in Table II. 
The median interval between the first and second surgeries 
was 10.0 years (range, 5.0-18.0 years). Of the 12 patients, 5 had 
intervals of ≥10 years from the initial resection of primary lung 
cancer to the occurrence of metachronous second primary 
lung cancer. There was no reported intraoperative mortality. 
Postoperative complications occurred in 4 patients (33%). A 
total of 2 patients (16%) required home oxygen therapy, 1 of 
whom had suffered acute respiratory failure postoperatively. 
Two additional complications were atrial fibrillation in 
1 patient (8%) and heart failure in 1 patient (8%). The median 
follow-up from the date of the second surgery was 28.7 months 
(range, 6-153 months). The overall 5-year survival rate 
following resection of metachronous second primary lung 
cancer was 56.5% and the median survival was 68.4 months. A 
total of 5 patients developed tumor recurrence after the second 
surgery. Among 4 patients who underwent lobectomy or more 
extensive resections, only 1 patient developed local recurrence. 
Of the 8 patients who underwent sublobar resection, 3 devel-
oped local recurrence and 2 developed distant metastasis, 
including 1 patient who experienced both. All 4 patients who 
developed recurrence following sublobar resection for meta-
chronous second primary lung cancer had advanced-stage 
disease. By contrast, all 3 patients who underwent sublobar 
resection for T1aN0M0 metachronous second primary lung 
cancer have been recurrence-free over the 13-153 months after 
the second surgery.

Survival analysis. The 5-year survival rate was 100% for 
patients with stage IA disease and 0% for patients with 
higher-stage disease (P=0.0067) (Fig. 1). The 5-year survival 
rate was 100% for patients with T1aN0M0 disease and 26.7% 
for patients with non-T1aN0M0 disease (P=0.0336) (Fig. 2). 
Notably, all the patients with T1aN0M0 disease remain alive 

Table I. Patient characteristics at the initial surgery (n=12).

Characteristics No. (%)

Gender
  Male 7 (58.3)
  Female 5 (41.7)
Histology of primary lung cancer
  Adenocarcinoma 11 (91.7)
  Squamous cell carcinoma 1 (8.3)
Surgery for primary lung cancer
  Lobectomy 9 (75.1)
  Lobectomy + segmentectomy 1 (8.3)
  Bilobectomy 1 (8.3)
  Pneumonectomy 1 (8.3)
pStage of primary lung cancer
  IA 4 (33.4)
  IB 3 (25.0)
  IIA 1 (8.3)
  IIB 1 (8.3)
  IIIA 3 (25.0)

Table II. Patient characteristics at the second surgery (n=12).

Characteristics No. (%)

Age at second surgery, years
  Median (range) 70.5 (27-83)
Interval between first and
second surgery, years
  Median (range) 10.0 (5.0-18.0)
Surgery for second primary lung cancer
  Wedge resection 5 (41.7)
  Segmentectomy 3 (25.0)
  Lobectomy 3 (25.0)
  Completion pneumonectomy 1 (8.3)
Histology of second primary lung cancer
  Adenocarcinoma 10 (83.3)
  Squamous cell carcinoma 2 (16.7)
Site of second primary tumor
  Ipsilateral 4 (33.3)
  Contralateral 8 (66.7)
T stage of second primary lung cancer
  T1a 6 (50.0)
  T1b 2 (16.7)
  T2a 3 (25.0)
  T3 1 (8.3)
N stage of second primary lung cancer
  N0 10 (83.4)
  N1 1 (8.3)
  N2 1 (8.3)
pStage of second primary lung cancer
  IA 7 (58.3)
  IB 3 (25.0)
  IIIA 2 (16.7)
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without recurrence. Patients with early-stage disease exhibited 
a significantly longer overall survival compared with patients 
with advanced-stage disease.

Discussion

Patients who undergo surgical resection of primary lung 
cancer are at risk for developing metachronous second primary 
lung cancers. The potential risk of emergence of metachro-
nous second primary lung cancers persists for ≥5 years after 
the initial surgery for primary lung cancer. In this study, 
1.3% of patients with primary lung cancer developed meta-
chronous second primary lung cancers ≥5 years after the initial 
surgery. Among the 12 patients, 5 had an interval of ≥10 years 
between complete resection of the primary lung cancer and 
the appearance of metachronous second primary lung cancer. 
Hamaji et al (7) reported that 33.6% of metachronous second 
primary lung cancers developed ≥5 years after the resection of 
the primary lung cancer and 6.9% developed ≥10 years later. 

Asaph et al (9) reported that 38% of metachronous second 
primary lung cancers developed ≥5 years following resection 
of the primary lung cancer.

In the present study, surgery for metachronous second 
primary lung cancers ≥5 years after the initial surgery for 
primary lung cancer was performed safely, with a good 
prognosis for patients with early-stage metachronous second 
primary lung cancers, even for those who underwent sublobar 
resection. The overall 5-year survival rate for the second 
resection was 56.5%, which is similar to previously reported 
rates (5-7, 10-12). The 5-year survival rate following meta-
chronous second primary lung cancer has been reported to 
range from 26 to 66% in various series (5-7, 10-12). There 
was no operative mortality in the present study. Regarding the 
pathological stage of the metachronous second primary lung 
cancers, patients with stage IA disease had a good prognosis, 
with a 5-year overall survival rate of 100%. This result is 
consistent with those of previous reports (5,10).

All the patients with T1aN0M0 disease remained alive 
at the last follow-up, which ranged from 13 to 153 months. 
Hamaji et al (7) reported that tumors ≤2 cm in diameter were 
associated with better survival. The present results indicate that 
surgery is particularly beneficial for patients with early‑stage 
metachronous second primary lung cancer.

Lobectomy is the standard surgery for primary lung 
cancer (3). However, patients with metachronous second 
primary lung cancers occasionally undergo sublobar resection 
due to their restricted cardiopulmonary functional reserve, 
advanced age and medical comorbidities. The most suitable 
surgical approach for metachronous second primary lung 
cancer has not yet been established. If metachronous second 
primary lung cancer is located on the same side as the primary 
tumor, postoperative adhesions may make surgery difficult. 
In this study, metachronous second primary lung cancer was 
ipsilaterally located in 4 patients; all the cases had stage IA 
disease. No patients succumbed to the disease within the first 
5 years following surgery. In this study, the type of resection 
did not predict survival. Among patients who underwent 
sublobar resection, those with T1aN0M0 disease exhibited a 
good prognosis. By contrast, other patients tended to have a 
worse prognosis due to a high rate of tumor recurrence (80%). 
Notably, in the present study, recurrence was observed more 
frequently in patients who underwent sublobar resection 
compared to those who underwent more extensive resection. 
To the best of our knowledge, the number of studies reporting 
the differences associated with type of resection and tumor 
recurrence rates following surgery for metachronous second 
primary lung cancer is currently limited. Zuin et al (13) reported 
that lobectomy for metachronous and synchronous second 
primary lung cancer exhibited a statistically significant posi-
tive association with survival rate. By contrast, other surgical 
series reported that type of resection (sublobar vs. more 
extensive) for metachronous second primary lung cancer did 
not predict survival (6,10,11). Zuin et al (13) observed no 
difference in recurrence rates between patients who underwent 
lobectomy (3.3%) and those who underwent sublobar resec-
tion (5%) for metachronous and synchronous second primary 
lung cancers. The present results indicate that sublobar resec-
tion is a safe and effective surgical approach for patients with 
T1aN0M0 metachronous second primary lung cancer and 

Figure 1. Overall 5-year survival following second surgery among patients 
with stage IA and higher-stage metachronous second primary lung 
cancer (P=0.0067).

Figure 2. Overall 5-year survival following second surgery among patients 
with T1aN0M0 and higher TNM stage metachronous second primary lung 
cancer (P=0.0336).
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that lobectomy is the most beneficial surgical procedure for 
patients with non-T1aN0M0 disease.

There is currently no consensus regarding the optimal 
follow-up strategy long after curative resection of primary 
lung cancer. The surveillance guidelines and practices vary 
widely with respect to imaging frequency and modalities (14). 
Certain studies have suggested that surveillance CT scanning 
may be effective for the detection of early-stage metachronous 
second primary lung cancers (15,16). To detect early-stage 
metachronous second primary lung cancer, prolonged close 
surveillance for ≥5 years following resection of primary lung 
cancer is crucial. Even if patients who underwent initial surgery 
for primary lung cancer have been disease-free for 5 years, 
long-term follow-up should be considered for early detection 
of potential metachronous second primary lung cancer. The 
optimal strategy for long-term follow-up following curative 
resection of primary lung cancer remains to be determined in 
future studies.

There were several limitations to this study, mainly its 
retrospective nature and limited sample size; notwithstanding, 
we consider the information obtained by this study valuable.

In conclusion, the potential risk of metachronous second 
primary lung cancer may persist for ≥5 years after the initial 
surgery for primary lung cancer. Surgery for metachronous 
second primary lung cancer may be safely performed, with 
satisfactory outcomes for early-stage metachronous second 
primary lung cancer. We recommend that close long-term 
follow-up following surgical resection for primary cancer is 
continued for early detection of possible metachronous second 
primary lung cancer to ensure the best possible outcome, even 
in patients who undergo sublobar resection.
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