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Abstract
Background: Previous studies have demonstrated survival benefits for local treatment in solitary metastatic nonsmall cell lung cancer (NSCLC).This study aimed to investigate the effect of local surgery for NSCLC with pulmonary
oligometastasis.
Methods: This study included 21 patients of NSCLC with pulmonary oligometastasis between January 2003 and
December 2013, which were divided into two groups, group A (11 cases) for local surgery and group B (10 cases)
for systematic chemotherapy, compared the median survival time (MST) and 5-year survival rate between the two
groups, and analyzed the impact of the pathological types, the TNM and pN stage of primary tumor, the site, and
the mode and number of oligometastatic nodule on group A.
Results: The MST of group A and B were 37 and 11.6 months respectively, 5-year survival rates were 18.2 and
9.1% respectively (p < 0.05). Patients with single nodule, oligo-recurrence, primary tumor of pN0, TNM stage I
or II obtained higher survival rate than those with multiple nodules, sync-oligometastases, pN1-2, stage III or IV in
group A (p < 0.05). There was no significant survival time difference among pathological types of primary tumor
and oligometastatic site (p > 0.05).
Conclusion: Local surgery significantly prolonged the overall survival time and 5-year survival rate of primary
NSCLC with pulmonary oligometastasis.
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Background
Primary lung cancer is one of the most common malignant tumors and is still the leading cause of cancerrelated death in many countries [1, 2]. Approximately
220,000 new cases and 150,000 related deaths are
reported each year in the USA [3]. In China, the incidence
of lung cancer is increasing every year, and mortality is about
0.03%. In clinics, about 80–85% of primary lung cancers are
non-small cell lung cancer (NSCLC). Surgical radical resection is still the most effective treatment for early stages.
However, 20–50% patients present with metastasis, the
prognosis is poor. The median survival time is about
8–11 months [4]. Approximately 7% of patients with
advanced metastatic NSCLC have a solitary metastasis after
full evaluation [5]. These solitary metastases include sync* Correspondence: junhangzhang1111@163.com;
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oligometastatic or oligo-recurrent satellite nodules in different pulmonary lobes and solitary extrapulmonary metastases. Hellman and Weichselbaum [6] proposed the term
“oligometastasis,” which was revised by Niibe et al in 2006
[7], to describe this restricted local regional tumor load. It
was a less biologically aggressive tumor stage with a metastatic number less than five and metastatic site limited to
one single organ, which remain stable over time. Many
previous studies have confirmed the presence of oligometastasis in NSCLC [8–10] and shown the significant effects of
local treatment in improving the overall survival time.
However, most of these studies were focused on extrapulmonary oligometastasis, rarely on pulmonary oligometastasis.
In the present study, we retrospectively analyzed the
maintained database of patients with pulmonary oligometastasis of NSCLC in our hospital between 2003 and
2013, compared the survival differences between local
surgery and systematic chemotherapy, and investigated
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the effect of local surgery on overall survival time,
median survival time, and 5-year survival rate.

Methods
Patients

We retrospectively identified 21 patients of primary
non-small cell lung cancer with pulmonary oligometastasis in the maintained database (His System) that were
followed up between January 2003 and December 2013
at the third affiliated hospital of Sun Yat-sen University.
The inclusive criteria were as follows: (a) All patients
undergone complete primary tumor resection for
NSCLC; (b) There were one to three pulmonary nodules
in addition of the primary tumor, including syncoligometastatic and oligo-recurrent nodules, which were
technically resectable; (c) No distant extrapulmonary
metastases were found. To differentiate pulmonary oligometastasis from second primary lung cancer, we used
the Martini and Melamed criteria [11], which were
modified by Antakli et al [12] and Girard et al [13]. In this
study, “oligometastases” were defined as limited number
(one to five) of pulmonary nodules which could be controlled by local surgery. Sync-oligometastases were defined
as pulmonary nodules that were discovered simultaneously or in 6 months after NSCLC were diagnosed, over
6 months was called oligo-recurrence.
This study was approved by the Ethics Committee for
Clinical Research of the third affiliated hospital of Sun
Yat-sen University.
Treatment technique

The 21 inclusive patients were divided into two groups,
the surgery group and the chemotherapy group. Routine
preoperative checkups were done, including laboratory
assessments of the blood cell count, serum chemistry,
the serum tumor markers (CYFRA and NSE), cardiopulmonary function, and thoracic computed tomography.
The surgical approach included pulmonary wedge resection and lobectomy, according to the patients’ general
condition. For sync-oligometastases, the time between
primary tumor radical resection and metastatic nodules
resection should be less than 2 months.
Either radiotherapy or chemotherapy was prohibited
before local metastatectomy, with the exception of
adjuvant chemotherapy; after primary radical resection,
oligo-recurrence was detected. All patients in the surgery group accepted adjuvant chemotherapy or dendritic
cell-cytokine-induced killer cell (DC-CIK) immunotherapy after metastatectomy.
The patients in the chemotherapy group accorded
with the inclusive criteria, however, could not tolerate
operation because of older age, poor physical condition,
or other reasons.
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Follow-up

The overall follow-up time was 12 to 72 months, and
the visits were scheduled at 3-month interval for the first
3 years, 6-month interval for the remaining years. At
each visit, physical examination, laboratory assessments
of the blood cell count, serum chemistry and the serum
tumor markers (NSE and CYFRA), and chest X-rays
were performed. In addition, thoracic CT and bone scans
were done when clinically indicated.
Statistical analyses

Statistical analysis was performed using SPSS15.1 (SPSS
Inc, Chicago, IL). The Kaplan-Meier test was used to
analyze overall survival and 5-year survival rate, which
were calculated from the date of primary radical resection of NSCLC to death or the last follow-up for patients
who were still alive. Univariate analysis between groups
was done by the log-rank test. A two-sided p value of
<0.05 was considered to be statistically significant.

Results
Patient characteristics

The surgery group included eleven patients (Table 1
shows patients’ characteristics). The media age was
56.4 years, ranged from 41 to 75 years, including six
males and five females. The diameter of primary tumor
was 1.5–7.1 cm, and the number of metastatic nodules
was 1–3. Ipsilateral pulmonary oligometastases were
found in four patients, and contralateral in other seven
patients. Sync-oligometastases and oligo-recurrence
were found in three and eight patients, respectively.
Pulmonary wedge resection was performed in ten
cases, six of which only had one metastatic nodule.
Lobectomy was done only in one patient, with three
oligometastatic nodules locating in the same lobe. The
average time interval between sync-oligometastatic
resection and primary tumor radical resection was
41.4 days. No serious postoperative complications were
found among patients. The postoperative pathological
diagnosis showed seven cases that were adenocarcinoma,
three squamous cell carcinoma, and one large cell
carcinoma.
Postoperative adjuvant chemotherapy was done among
the eleven patients, eight of whom finished four courses,
three accepted DC-CIK immunotherapy after one or
two courses, because of serious chemotherapy blood
toxicity. The chemotherapy group included ten patients,
with the median age of 60 years, six of which were males
four were females.
Survival

All patients were followed up for 15–72 months; the
median follow-up time was 37.5 months. In the local
surgery group, four patients (36.4%) were alive with
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Table 1 Clinical characteristics and survival for the surgery group (n = 11)
Patients

Sex

Age
(years)

Size (cm)

pN

TNM stage

Histology

of primary tumor

Oligometastatic
Mode

Number

Site

Surgical
approach

Outcome

Survival
69

(Months)

1

M

61

1.6

0

IA

Ad

R

1

IL

PWR

Dead

2

F

45

1.5

0

IA

Sq

R

1

IL

PWR

Alive

71

3

F

71

2.8

2

IV

Ad

S

2

CL

PWR

Dead

21

4

M

44

3.2

1

IIA

Ad

R

2

CL

PWR

Alive

37

5

F

59

5.4

1

IV

Ad

S

2

IL

PWR

Dead

29

6

M

63

1.9

1

IIA

Ad

R

1

IL

PWR

Alive

42

7

F

52

2.3

0

IA

Ad

R

1

CL

PWR

Dead

51

8

M

75

7.1

2

IIIA

Lc

R

2

CL

PWR

Dead

15

9

M

47

2.2

0

IA

Ad

R

1

CL

PWR

Alive

41

10

F

41

6.4

1

IIB

Ad

R

3

CL

LO

Dead

17

11

M

62

4.5

2

IV

Sq

S

1

CL

PWR

Dead

19

Abbreviations: M male, F female, Ad adenocarcinoma, Sq squamous cell carcinoma, Lc large cell carcinoma, R oligo-recurrence, S sync-oligometastasis, IL ipsilateral
lung, CL contralateral lung, PWR pulmonary wedge resection, LO lobectomy

stable disease at the time of the analysis, the remaining
died of specific lung cancer progression during the
follow-up period. The overall survival time (OS) ranged
from 19 to 71 months for the surgery group, and median
survival time (MST) was 37 months. The OS for
chemotherapy group was 9–61 months, while MST was
11.6 months. The overall 5-year survival rate for the
surgery and chemotherapy group was 18.2 and 9.1%
respectively. The OS and 5-year survival rate of the surgery group were significantly higher than the chemotherapy group (p < 0.05). Figure 1 shows the Kaplan-Meier
curve for the OS of the two groups.
Table 2 shows the univariate analysis of the potential factors for overall survival of the surgery group.
The sex, age, the primary tumor site and oligometastatic site (ipsilateral or contralateral), and histological
subtypes showed no statistical significant differences
to survival (p > 0.05). However, in lower pN and

Table 2 Univariate analysis of predictive factors for OS of the
surgical group (n = 11)
Predictive factors

Patients

5-year OS (%)

Male

6

16.7

Female

5

20.0

Log-rank p value

Gender

0.956

Age (years)
>50

7

14.3

≤50

4

25.0

0.176

Histological subtypes of primary tumor
Adenocarcinoma

8

12.5

Non-adenocarcinoma

3

33.3

0.855

Oligometastatic site
Ipsilateral lung

4

50.0

Contralateral lung

7

0.00

Sync-oligometastasis

3

0.00

Oligo-recurrence

8

25.0

0.104

Oligometastatic mode
0.012

Number of oligometastatic nodules
One

6

33.3

Two or Three

5

0.00

N0

4

50.0

N1 or N2

7

0.00

0.040

pN of primary tumor
0.038

TNM stage of primary tumor
Fig. 1 The Kaplan-Meier curve of overall survival time for group A
and B

I or II

7

28.6

III or IV

4

0.00

Italicized figures represent statistically significant difference

0.0004
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TNM stage, single and oligo-recurrence were associated with better survival (p < 0.05).

Discussion
Although local treatment in metastatic non-small cell
lung cancer is still controversial, many previous research
[10, 14–16] have reported parts of selective patients that
benefited from it, but radical resection of the primary
tumor was necessary. Many studies [6, 17–19] also demonstrated local resection of the metastatic lesion that
improved the survival time. The 5-year survival rate
reached 15% after surgical resection of the solitary brain
metastasis, and 25% for solitary adrenal metastasis after
adrenalectomy. Tokujiro Yano et al [20] reported that
the median FPS and overall survival time were
12.1 months and 13.5 months after local treatment for
sync-oligometastasis of NSCLC, but only a small part of
patients benefited. However, patients with oligo-recurrent
effectively benefited, whose median FPS reached
20 months. Our present study was consistent with their
viewpoint. The OS for oligo-recurrence was 41.5 months
compaired with 21 months for sync-oligometastasis,
which was significantly different (p = 0.012).
Given the favorable results of local treatments for
oligometastatic disease, new treatment strategies based
on new diagnostic criteria and aggressive treatment
options must be considered. The study from Postmus et
al [21] shown 5-year survival rate that was about 28%
for pulmonary oligometastatic satellite nodules resection, which was much more favorable than the patients
who received palliative systemic chemotherapy. Kozower
et al [18] reported 5-year survival rate that was 13% after
resection of ipsilateral pulmonary oligometastasis. Voltolini
et al [22] analyzed long-term survival rates after complete
surgical resection of synchronous multiple lung cancers,
both ipsilaterally (n = 27) and contralaterally (n = 28), the
5-year survival rate was not significantly different between
the two groups, reported to be 27 and 43% respectively.
They further demonstrated lymph node metastases which
were important parameters influencing prognosis. In a
study of 66 patients of synchronous bilateral pulmonary
oligometastasis, OS and 5-year survival rate were reported to be 25.4 months and 38% respectively after
simultaneously resection of bilateral metastastic nodules
[23]. The recent study from Endo et al [24] concluded that
Clinical T1-2N0-1 NSCLC with oligometastatic lesion was
a good candidate for surgical resection, 5-year survival rate
of about 40% can be expected. They also demonstrated that it was important that the indication was
limited to intrathoracic clinical stage I or II. Approximately 60% of such patients could undergo complete
resection of both the primary NSCLC and a true metastasis, and benefited.

Page 4 of 5

Despite the survival time that varies from each other,
we conclude from the above literatures that local treatment does improve parts of selective patients with oligometastatic NSCLC and make them benefit. This is
consistent with our study. The median survival time and
5-year survival rate in the surgical group were 37 months
and 18.2%, respectively, which were significantly better
than systematic chemotherapy. We also conclude from
our study that patients with lower pN and TNM stage,
single and oligo-recurrence were associated with better
survival. These factors can be regarded as prognostic
factors.
Mortality rates were reported between 0 and 2.5% in
pulmonary metastasectomy for extrapulmonary primary
tumors [25]. Thus, it can be expected that a sequential
approach for NSCLC and oligometastatic disease can be
done with a comparable low mortality rate. However,
local oligometastasectomy after radical resection of
NSCLC could be done only when patients can tolerate
operation after total evaluation; otherwise, chemotherapy
is the only choice. In this study, ten exclusive patients
underwent chemotherapy because of older age, poor
physical condition, or other reasons, with MST of
11.6 months, and died of tumor progression. To our
experience, the preferred surgical approach is pulmonary
wedge resection and segmentectomy; lobectomy is not
recommended because of relatively higher operation risk
and greater trauma. Only one patient underwent lobectomy in our study, postoperative recovery time is
relatively longer than that in primary tumor radical
resection. For sync-oligometastases, segmentectomy or
wedge resection on the contrary side should be performed first if the primary tumor requires a lobectomy
or bilobectomy.

Conclusions
The study of local surgery in non-small cell lung cancer
with pulmonary oligometastasis is rare. For these patients,
our present study have demonstrated that the median
survival time and overall 5-year survival rate reached
37 months and 18.2% respectively after pulmonary
oligometastasectomy. NSCLC patients with pulmonary
oligometastasis could benefit from local surgery.
Abbreviations
MST: Median survival time; NSCLC: Non-small cell lung cancer; OS: Overall
survival time
Acknowledgements
Not applicable.
Funding
This study was supported by the “985 project” fund of Sun Yat-sen University
(NO:82000-31101301).
Availability of data and materials
Please contact the author for data requests.

He et al. World Journal of Surgical Oncology (2017) 15:36

Authors’ contributions
All authors equally contributed to this work, and Yun LI should be regarded
as co-first author. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This study was approved by the Ethics Committee for Clinical Research of
the third affiliated hospital of Sun Yat-sen University.
Received: 7 November 2016 Accepted: 24 January 2017

References
1. Jemal A, Siegel R, Xu J, et al. Cancer statistics. CA Cancer J Clin. 2010;60:
277–300.
2. Ferlay J, Parkin DM, Steliarova FE. Estimates of cancer incidence and
mortality in Europe in 2008. Eur J Cancer. 2010;46:765–81.
3. Center MM, Jemal A, DeSantis C, et al. Global patterns of cancer incidence
and mortality rates and trends. Cancer Epidemiol Biomarkers Prev.
2010;19:1893–907.
4. Grossi F, Kubota K, Cappuzzo F, et al. Future scenarios for the treatment of
advanced non-small cell lung cancer: focus on taxane-containing regimens.
Oncologist. 2010;15:1102–12.
5. Pfannschmidt J, Dienemann H, et al. Surgical treatment of oligometastatic
non-smal cell lung cancer. Lung Cancer. 2010;69:251–8.
6. Hellman S, Weichselbaum RR. Oligometastases. J Clin Oncol. 1995;13(1):
8–10.
7. Niibe Y, Nishimura T, Shirato H, et al. Oligo-recurrence predicts favorable
prognosis of brain-only oligometastases in patients with non-small cell lung
cancer treated with stereotactic radiosurgery or stereotactic radiotherapy:
a multi-institutional study of 61 subjects. BMC Cancer. 2016;16(1):659–77.
8. Flannery TW, Suntharalingam M, Regine WF, et al. Longterm survival in
patients with synchronous, solitary brain metastasis from non–small cell
lung cancer treated with radiosurgery. Int J Radiat Oncol Biol Phys.
2008;72:19–23.
9. Yano T, Haro A, Yoshida T, et al. Prognostic impact of local treatment
against postoperative oligometastases in non-small cell lung cancer.
J Surg Oncol. 2010;102(7):852–5.
10. Ashworth A, Rodrigues G, Palma D, et al. Is there an oligometastatic state in
non-small cell lung cancer? A systematic review of the literature. Lung
Cancer. 2013;82:197–203.
11. Martini N, Melamed MR. Multiple primary lung cancers. J Thorac Cardiovasc Surg.
1975;70(4):606–12.
12. Antakli T, Schaefer RF, Rutherford BS, et al. Second primary lung cancer.
Ann Thorac Surg. 1995;59:863–7.
13. Girard N, Deshpande C, Lau C, et al. Comprehensive histologic assessment
helps to differentiate multiple lung primary nonsmall cell carcinomas from
metastases. Am J Surg Pathol. 2009;33(12):1752–64.
14. Salah S, Tanvetyanon T, Abbasi S. Metastatectomy for extracranial extra
adrenal non-small cell lung cancer solitary metastases: systematic review
and analysis of reported cases. Lung Cancer. 2012;75:9–14.
15. Karagkiouzis G, Koulaxouzidis G, Tomos P, et al. Solitary metastasectomy in
non-small cell lung cancer. J BUON. 2012;17:712–8.
16. Congedo MT, Cesario A, et al. Surgery for oligometastatic non-small cell
lung cancer: long-term results from a single center experience. J Thorac
Cardiovasc Surg. 2012;8:444–52.
17. Lo, et al. The role of local therapy in the management of lung and liver
oligometastases. Nat Rev Clin Oncol. 2011;8:405–16.
18. Kozower BD, Larner JM, Detterbeck FC, et al. Special treatment issues in
non-small cell lung cancer: diagnosis and management of lung cancer,
3rd ed: American College of Chest Physicians evidence-based clinical
practice guidelines. Chest. 2013;143:e369S–399S.
19. Ashworth A, Senan S, et al. An individual patient data metaanalysis of
outcomes and prognostic factors after treatment of oligometastatic none
small cell lung cancer. Clin Lung Cancer. 2014;4:1–9.

Page 5 of 5

20. Yano T, Okamotob T, Haro A, et al. Local treatment of oligometastatic
recurrence in patients with resected non-small cell lung cancer. Lung Cancer.
2013;82(3):431–35.
21. Postmus, et al. The IASLC Lung Cancer Staging Project: proposals for
revision of the M descriptors in the forthcoming (seventh) edition of the
TNM classification of lung cancer. J Thorac Oncol. 2007;2(8):686–93.
22. Voltolini L, Rapicetta C, Luzzi L, et al. Surgical treatment of synchronous
multiple lung cancer located in a different lobe or lung: high survival in
node-negative subgroup. Eur J Cardiothorac Surg. 2010;37(5):1198–204.
23. De Leyn P, Moons J, Vansteenkiste J, et al. Survival after resection of
synchronous bilateral lung cancer. Eur J Cardiothorac Surg. 2008;34(6):1215–22.
24. Endo, et al. A prospective study of surgical procedures for patients with
oligometastatic non-small cell lung cancer. Ann Thorac Surg. 2014;98:258–64.
25. Pfannschmidt J, Dienemann H, Hoffmann H. Surgical resection of
pulmonary metastases from colorectal cancer: a systematic review of
published series. Ann Thorac Surg. 2007;84(1):324–38.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

