
Abstract. Aim: Stage IV non-small cell lung cancer
(NSCLC) is characterized by poor prognosis. Palliative
chemotherapy and/or best supportive care are considered
standard treatment. Nevertheless, for patients with limited
distant metastases (1-5 metastases), called oligometastatic
disease, better prognosis has been observed. We evaluated
response rate, survival, time to progression and toxicity in
oligometastatic/oligorecurrent NSCLC patients treated with
stereotactic body radiotherapy (SBRT) delivered to all active
sites in the lung. Patients and Methods: Twenty-nine lung
metastases in 22 patients affected by oligometastatic/
oligorecurrent NSCLC were treated with SBRT to all active
sites of disease. Inclusion criteria were: controlled primary
tumor with complete response or stable disease after
surgery/radiotherapy/combined therapy; ≤4 synchronous or
metachronous lung metastases at the time of treatment; no
other active sites of distant metastases. Results: Response to
treatment was as follows: complete response in 21% of
lesions, partial response in 69% of metastases, stable disease
in 10%. Ninenty-one percent of patients had complete
metabolic response, and 9% had a partial metabolic
response. Median follow-up was 18 months. The 1-year and
2-year OS was 86% and 49%, respectively. The 1-year and
2-year PFS was 79% and 40%, respectively. Median time to
progression and median OS were 18 months and 24 months,
respectively. Local control was 93% at 1 year and 64% at 
2 years. Overall, acute toxicity occurred in 18% (4/22) of
patients; two patients experienced grade 2 pneumonitis.
Grade ≤2 late toxicity occurred in 50% of patients. No grade
≥3 toxicities were recorded. Conclusion: Aggressive

stereotactic radiotherapy is a feasible and well-tolerated
treatment for oligometastatic/oligorrecurrent NSCLC
patients with lung metastases offering longer survival.
Ablative radio therapy has a potential role in the
management of well-selected stage IV NSCLC patients while
increasing their quality of life and survival.

Stage IV non-small cell lung cancer (NSCLC) is
characterized by poor prognosis with median survival from 8
to 11 months (1). Palliative chemotherapy and/or best
supportive care are considered standard treatment offering a
median survival of 12 months (2). Nevertheless, in patients
with limited distant metastases (1-5 metastases), called
oligometastatic disease (3), better prognosis has been
observed. The local control of the oligometastases may
improve survival (4). The state of oligorecurrence is defined
as oligometastases with a controlled primary tumor (5). 

Oligometastatic NSCLC is not really defined as a separate
disease entity, as outcomes are significantly poorer than other
malignancies. Selected NSCLC patients with low-volume
metastatic disease have been reported to be long-survivors,
but the adequate treatment remains controversial. A recent
review (6) demonstrated an oligometastatic state in NSCLC
patients, mostly with controlled primary and brain metastases
only. Outcomes were heterogeneous; median time to
progression was 12 months (range= 4.5-23.7 months) and the
median overall survival was 19 months. Definitive treatment
to primary, N-stage and disease-free interval were found to
be prognostic factors to survival. 

Emerging data on the use of stereotactic ablative
radiotherapy (SABR) in oligometastatic patients from any
primary site demonstrated high rates of local control for lung
metastases (7), as well as for liver and adrenal gland
metastases (8), and in selected patients, even long survival.
Current recommendations support the use of aggressive local
radiotherapy for patients with 1-3 brain metastases or solitary
metastasis from NSCLC without other active sites of disease
(9, 10). Resection or stereotactic radiosurgery (SRS) of intra-
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cranial lesions improve survival rates mainly in patients
without mediastinal node involvement and with lower T-
stage. Surgical studies have shown that metastasectomy of
extra-cranial extra-adrenal solitary metastases in selected
patients could also achieve long-term survival, in particular
for those with stage I-II NSCLC (11).

We evaluated the use of stereotactic body radiotherapy
(SBRT) delivered to all active sites in the lung in patients
with oligometastatic/oligorecurrent NSCLC. Response,
survival, time to progression, and toxicity were assessed. To
our knowledge, this is the first study to evaluate SBRT
treatment considering only active lung metastases in NSCLC
patients with controlled primary tumor and previous
complete response or stable disease to other metastases
obtained from radical local treatment (SBRT/surgery).

Patients and Methods 

Patients. Twenty-nine lung metastases in 22 patients affected by
oligometastatic/oligorecurrent NSCLC were treated with SBRT to
all active sites of disease in our Department of Radiation Oncology.
Patients were carefully reviewed and data were retrospectively
analyzed. A performance status ECOG (Eastern Cooperative
Oncology Group Criteria) ≤2 was required for all patients to
participate in the study. Inclusion criteria were: controlled primary
tumor (oligorecurrent/oligometastatic NSCLC) with complete
response or stable disease/metabolic complete response after
surgery/radiotherapy/combined therapy; ≤4 synchronous or
metachronous lung metastases at the time of treatment; no other
active sites of distant metastasis (complete response/stable
disease/metabolic complete response after local treatment). 

Pre-treatment evaluation included clinical examination, complete
blood count, total body computed tomography (CT) scan, lung
function tests, and 18-fluorodeoxyglucose-positron emission
tomography (FDG-PET/CT) for all patients. The current study was
carried-out according to the Declaration of Helsinki and the Internal
Review Board of our Institution has approved the study. Written
informed consent was obtained by all patients. 

Treatment. All patients underwent a 4-dimensional CT pre-treatment
planning in the supine position. The maximum intensity projection
(MIP) image constituted a visualization of the maximum extent of
the target movement in free breathing. An internal tumor volume
(ITV) method was used to define the target volume including the
tumor position in all phases of the normal respiratory cycle.
Planning CT images were matched with diagnostic PET-CT for the
ITV delineation. The planning target volume (PTV) was determined
by adding 4 mm in all directions to the ITV. 

Total prescribed dose to the PTV encompassed the 90-95%
isodose, with normalization to the maximal dose. Position before
treatment was checked using cone-beam (Kilo-Voltage) CT scan.
Stereotactic body radiation therapy was delivered with a Varian
Linear Accelerator (Varian, Palo Alto, CA), using 7 to 9 static non-
opposing coplanar fields, with 6-MV photons.

The choice of radiation schedule was based on the target volume,
the site of metastases and the number of the treated lesions. The
prescribed dose was 23 Gy in a single fraction (minimal
biologically-effective dose 10 [BED10] 76 Gy) for multiple

synchronous lesions. The total dose was 30 Gy in single fraction
(minimal BED10 120 Gy) for peripheral or small tumors (<30 cc).
The total dose was 45 Gy in 3 fractions (minimal BED10 112.5 Gy)
for centrally located or large tumors (≥30 cc). 

Follow-up and statistics. A total body CT with contrast medium was
performed at 1 month after RT completion and every 6 months
afterward. A post-treatment FDG/PET-CT was performed at 4
months after RT and for suspected progressive disease. Treatment-
related adverse effects were assessed at each follow-up and were
graded according to CTCAE v 4.0.

The Response Evaluation Criteria in Solid Tumors (RECIST)
measurement were used to determine response; also, metabolic
response was evaluated. Statistical analysis was performed using
IBM SPSS Statistics for Macintosh, Version 22.0 (IBM Corp.,
Armonk, NY). The overall survival (OS) was defined as the time
from the date of ablative therapy for the lung metastases to the date
of death from any cause or last follow-up. The progression-free
survival (PFS) was defined as the time from the date of ablative
therapy for the lung metastases to the date of local/distant
progression. Local recurrence after SBRT was defined as in-field or
marginal regrowth of the disease. Metastases-free survival (MFS)
was defined as any site of distant progression (including the
ipsilateral lung). Cancer-specific survival (CSS) was calculated as
the date of the death due to progression from NSCLC. Survivals
were estimated using the Kaplan–Meier method. 

Results

Patients’ characteristics. Between March 2010 and July
2014, 22 patients affected by oligometastatic/oligorecurrent
NSCLC with 29 lung metastases were treated with SBRT to
all active sites of disease. All patients presented controlled
primary tumor after primary treatment with surgery 
+/- radiotherapy/chemotherapy (13/22), definitive chemo-
radiotherapy (3/22), chemotherapy alone (IV stage NSCLC:
5/22), stereotactic ablative radiotherapy (1/22). 

Most patients had metastases to the lungs only (59%). Nine
of the 22 patients (41%) presented also other distant locations
of disease involving the lung, adrenal gland, brain and bone:
3 patients had two metastases, 3 patients three metastases, 
1 patient four metastases, 2 patients five metastases. All
patients presented with synchronous/metachronous
oligometastatic disease and only lung metastases were active
before SBRT. They have had previous complete response or
stable disease and/or metabolic complete response on the
other metastatic locations after aggressive therapy with
surgery/SBRT. Maintenance chemotherapy with erlotinib (6
patients) or pemetrexed (3 patients) was administered in 9
patients. Thirteen patients were not receiving chemotherapy
for: co-morbidities (8 patients), complete response after
radical treatment (4 patients), or rejection (1 patient).

At the time of SBRT, most patients with lung disease
alone presented one active metastasis only (18 patients) and
only 4 patients had 2-4 metastases. Patients’ and tumor
characteristics are summarized in Tables I and II.
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Response and disease progression. Response to treatment
occurred as follows: complete response in 21% of lesions
(6/29), partial response in 69% of metastases (20/29), and stable
disease in 10% (3/29). Twenty-six/out of twenty nine (91%) of
the irradiated lung lesions had complete metabolic response and
9% (3/29) had a partial metabolic response. 
In-field local progression was observed in 4 patients (4
lesions): 3 of them presented previous PR and 1 patient
presented initial SD, respectively. Distant progression occurred
in 11 (38%) patients. Seven (7/11) patients had distant lung
progression alone without other organs involved and three of
them (3/7) presented associated local progression of the
irradiated lung metastases with SBRT. These patients received
palliative chemotherapy (3/7) with erlotinib, supportive care
(3/7), or new SBRT treatment (1/7). Two (2/11) patients had
diffuse distant progression. One (1/11) patient had brain and

lung progression combined to local progression, he underwent
palliative total brain radiotherapy. One (1/11) patient had
mediastinal lymph node progression and subsequently
chemotherapy was administered.  

Survival and tolerance. Median follow-up was 18 months
(range=4-53 months). The 1-year and 2-years OS were 86%
and 49%, respectively. The 1-year and 2-years PFS were
79% and 40%, respectively. Median time to progression and
median OS were 18 months and 24 months, respectively
(Figure 1). Local control was 93% at 1 year and 64% at 2
years (median time not reached - NR). The CSS was 93% at
1 year and 60% at 2 years, respectively (median time NR).
The 1- year and 2-years MFS were 87% and 42%,
respectively (median time 18 months).

At the time of analysis, 14 patients were alive. Three
patients were alive with PD (2 in the lung and 1 in
mediastinal lymph nodes) and received palliative
chemotherapy, while 11 patients had no evidence of disease
or SD. The median follow-up of the survivors was 17
months (range= 6-46 months). Death occurred in 8 patients:
5 died from systemic progression of disease and 3 died
from other causes.

Acute toxicity occurred in 18% of patients; two patients
experienced grade 2 pneumonitis. Late toxicity occurred in
50% of patients: 8 patients presented grade 1 lung fibrosis, 2
patients presented grade 1 chest wall pain, 2 patients
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Table I. Patients’ characteristics (N=22).

N (%)

Mean age (years) 66
Range (years)    52-85

Gender 
Male 15 (68)
Fermale 7 (32)

Co-morbidconditions
COPD 8 (36)
Other 7(32)

Histology
Adenocarcinoma 14 (63.7)
Squamous cell carcinoma 7 (31.8)
NOS 1 (4.5)

Stage 
IB 7
IIA 2
IIB 1
IIIA 6
IIIB 1
IV 5

Number of metastases
(Oligometastatic disease)

1 site 13 (59)
2 sites 3 (13.5)
3 sites 3 (13.5)
4 sites 1 (5)
5 sites 2(9)

Previous metastatic organs
Lung 4 (18)
Brain 3 (15.5)
Adrenal gland 2 (9)
Bone 1 (5)

Maintenance chemotherapy
Yes 9 (41)
No 13 (59)

*COPD, Chronic Obstructive Pulmonary Disease; AJCC, American
Joint Committee on Cancer. NOS, Not otherwise specified.

Table II. Tumor  and treatment characteristics (N=29). 

N (%)

Number of lung metastases 
(Active disease)

1 metastasis 18 (82)
2-4 metastases 4 (18)

Location of lung metastases
Central 6 (21)
Peripheral 23 (79)

Diameter of lung metastases
≤2 cm 10 (34)
>2 cm 19 (66)

Maximal tumor diameter (cm)
Median 1.7
Range 0.9-4.5

PTV volume (cc)
Median 10.1
Range 3.4-75.2

SBRT scheme
30 Gy/1 fr 12 (42)
45 Gy/3 fr 7 (24)
23 Gy/1 fr 10 (34)

*PTV, planning treatment volume; SBRT, stereotactic body
radiotherapy.



presented grade 2 lung fibrosis, 1 patient experienced grade
2 pneumonitis, 1 patient experienced grade 2 esophagitis. No
grade ≥3 toxicities were recorded.

Discussion

Non-small cell lung cancer has generally a poor prognosis in
advanced stages (12). Approximately 30–50% of patients are
diagnosed with metastatic disease and about 40% will
develop metastatic progression (13). 

In selected NSCLC patients who received radical
treatment to the primary tumor in combination to resection
of limited- volume for metastatic disease a longer survival
was noticed (14, 15). Usually, these patients presented with
synchronous solitary brain metastases, good performance
status, controlled intra-thoracic disease, and/or node-
negative disease (16).  

In recent years, NSCLC patients with slow progression and
controlled primary tumors may be considered oligometastatic
and may benefit from aggressive treatment to the distant active
disease. However, only few studies with adequate follow-up
raise the possibility that long-term survival might not be due to
the treatment alone, but rather to the selection of patients
based on favorable inclusion criteria (17).

Surgical series suggest that oligometastatic NSCLC with
brain metastases can be successfully treated when also an
aggressive treatment is administered to control the primary
tumor (18). Resection or SRS are both feasible and efficient
in patients with solitary brain metastasis obtaining high rates

of local control and survival (19); in these patients a
combined approach of systemic therapy should be considered
(20). Small surgical series regarding oligometastatic/
oligurecurrent NSCLC patients with (21) isolated adrenal
gland metastases reported 1- and 2-year OS rates of 45-80%
or 30-52%, respectively for metachronous or synchronous
metastases. Retrospective studies examining aggressive
treatment to the primary and all oligometastatic sites of
disease (brain, adrenal gland, axillary nodes, and
contralateral lung metastases) with surgery or radiation have
shown OS rates of 20.4-28.3%, with improved survival for
node- negative status (22). 

We selected a population of oligometastatic/oligorecurret
NSCLC patients with controlled primary tumors and active
sites of disease only in the lung. These patents were
submitted to SABR to all active synchronous/metachronous
lung metastases. Most of them had solitary lung metastasis
(59%). Forty-one percent of the patients also presented other
previous distant locations of disease, but they have had
previous complete response or stable disease and/or
metabolic complete response after aggressive therapy.
Maintenance chemotherapy was administered in 9 patients.

A prospective study by Parkih et al. enrolled 186 patients
with oligometastatic NSCLC treated with definitive therapy
to the primary tumor and surgery/SBRT to the metastases.
Definitive therapy to the primary tumor was associated with
prolonged survival (p=0.043) (23). Our series was selected
based on primary tumor control, submitting to SBRT of lung
metastases, only patients with controlled primary, supposing
potential long survival in this sub-group. 

Therefore, patients with lung metastases from NSCLC are
not included in oligometastatic studies using SBRT since
they are principally submitted to systemic chemotherapy.
Evidence from the literature is inhomogeneous reporting
only mixed primary series with small numbers of patients
treated with SBRT for oligometastatic lung tumors and the
demonstrated median survival is around 19 months, but
outcomes are not distinguished for histology (24). These
studies frequently include oligometastatic tumors with higher
survival compared to stage IV NSCLC. A retrospective study
by Inoue et al. evaluated the clinical outcomes of patients
with oligometastatic lung tumors from any primary who
underwent SBRT. The 3- and 5-year OS and PFS rates were
72% and 54%, respectively, but only 9/22 patients had
NSCLC diagnosis (25).

Only few studies had evaluated oligometastatic/
oligorrecurrent NSCLC patients treating the active sites with
SBRT. Principally, patients with brain metastases have been
analyzed. SRS is an efficient therapy in oligometastatic
brain NSCLC patients obtaining high rates of local control
(26). Although, adjuvant SRS to the surgical cavity is
indicated after large brain metastases resection to improve
local control (27). 
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Patients affected by oligometastatic NSCLC submitted to
SBRT are analyzed in small series including patients with
active extra-cranial disease. Most series enrolled patients
with metastases located in the adrenal gland, bone and
lymph nodes. A recent phase II study (28) was conducted
on 39 NSCLC patients having <5 metastases at diagnosis
principally in the brain, but also in the bone and adrenal
gland, treated with surgery or SBRT or standard
radiotherapy. Thirty-seven (95%) of the patients received
chemotherapy. Median OS was 13.5 months and median
PFS was 12.1 months. Only two patients had a local
recurrence. Another phase II study (12) evaluated NSCLC
patients with ≤5 metastatic lesions treated with consolidative
SBRT (50 Gy/10 fractions) to the metastases located in the
pleura/lung (30% of the patients; 15/26), lymph nodes,
adrenal gland and bone, after induction chemotherapy. After
a median follow-up of 16 months, the metabolic response
rate was 90%, and the median PFS and OS were 11.2 and
23 months, respectively. The pulmonary grade 3 toxicity
rates were 8%. 

The evidence of efficient aggressive local therapy in
oligometastatic NSCLC with associated lung metastases is
due to retrospective surgical series. Even in these cases it is
difficult to distinguish between a T4-stage, a second primary
tumor or a metastatic lesion. Votolini et al. (29) showed a
median survival of 32 months and a 5-year survival of 34% in
patients with synchronous lung cancers, demonstrating better
prognosis for node-negative disease. The postoperative
mortality was 7%. 

In clinical practice, patients with advanced NSCLC
present with co-morbid conditions, advanced age and related
symptoms, and often they are unfit to chemotherapy or
second resection. In our series, 13 patients were not
receiving chemotherapy for co-morbidities, and had complete
response after radical treatment or rejection.

A meta-analysis by Ashwort et al. (30) described a median
OS of 26 months (1-year 70.2%, 5-years 29.4%) in
oligometastatic NSCLC patients treated commonly with
surgery to the primary tumor (83.9%) and metastases
(62.3%), but also with SABR or standard radiotherapy.
Factors predictive to survival were: synchronous versus
metachronous metastases (p<0.001), lymph nodes stage
(p=0.002), and adenocarcinoma histology (p=0.036). The
presence of lung metastases was found to be a worse
prognostic factor to OS (p=0.022).

We enrolled selected patients with potential long survival.
The current study described a complete response in 21% of
lesions, partial response in 69% of metastases, and stable
disease in 10%. Twenty-six/out of twenty nine of the lung
lesions had complete metabolic response. The 1-year and 
2-year OS was 86% and 49%, respectively. The 1-year and
2-year PFS was 79% and 40%, respectively. Median time to
progression and median OS were 18 months and 24 months,

respectively. Local control was 93% at 1 year and 64% at 
2 years. Our outcomes are in accordance to those of other
(12, 23, 24, 28, 29) studies. The high rates of distant
progression support an oligometastatic state rather than a
second primary tumor, and the time to progression is slow,
suggesting long-term survival and slow-growth disease.

Aggressive local therapy may have an important role to
disease control and survival but also systemic therapy can
improve outcomes. The present study indicated that this
particular sub-group of oligometastatic NSCLC has long
survival (median=2 years) and disease tends to metastasize
mostly in the lung (40% of the patients): 7 patients had
distant lung progression alone without other organs involved
and 2 patients had diffuse distant progression involving the
lung. These outcomes suggest that IV NSCLC has a high
propensity to progress in distant locations. Randomized trials
have demonstrated response rates >60% and median survival
around 24 months for advanced NSCLC with activated
mutations of the epidermal growth factor receptor (EGFR)
(31), unfortunately, only about 10% of the non-Asiatic
population present the active mutations. Chemotherapy
should always be considered in fit patients.

Our study suffers some limits such as the small sample of
patients and the retrospective nature. On the other hand,
patients were carefully selected and the series is
homogeneous. Our data suggest that the oligometastatic state
exists in NSCLC and lung metastases should be considered
for local treatment with ablative radiotherapy. The treatment
was well-tolerated and no grade ≥3 toxicities were recorded.
A long survival and time to progression were observed in
this selected sub-group.

The recent literature suggests an oligometastatic/
oligorrecurent state for NSCLC patients (6, 32-35). Even
lung metastases are considered an unfavorable prognostic
factor for survival, patients presenting limited disease and no
other distant active sites may benefit from SBRT. 

Conclusion

NSCLC patients with slow progressive disease and
controlled primary tumor may be considered oligometastatic
and may have long-term survival. Principally, patients with
good performance status, node-negative disease, good
response to primary therapy may benefit from aggressive
local therapy to all oligometastatic/oligorecurrent sites of
active disease compared to those with widespread distant
metastases. SABR may be used as an aggressive therapy to
active metastatic disease. Indeed, the most important
criterion to select candidates for ablative therapy is to
identify who might benefit from intensified management
strategies. Randomized controlled trials are required to
evaluate the benefit of aggressive therapies in this sub-group
and all predictive factors useful to patient selection. 
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