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ABSTRACT
Background: Stereotactic body radiotherapy (SBRT) for pulmonary oligometastatic disease achieves
excellent treatment outcomes in terms of local control and toxicity. Patients treated with SBRT are
often elderly and have multiple co-morbidities. This subset of patients may experience different sur-
vival as compared to young and fit patients subjected to radical metastasectomies. The purpose of
this retrospective study was to evaluate OS and identify factors associated with OS for inoperable pul-
monary oligometastases treated with SBRT.
Material and methods: Criteria used for selection of patients with oligometastases included: metasta-
ses limited to �2 organs and in total �5 metastases at the time of treatment. Peripheral tumors were
treated with 51Gy to 60Gy in three fractions or a single fraction of 30Gy. Central tumors received a
dose of 45–60Gy in 5–8 fractions. Survival probabilities were estimated by means of Kaplan–Meier
method and the relation between potential prognostic factors and OS was studied by means of Cox
regression analyses.
Results: In this study, 327 inoperable pulmonary oligometastases in 206 patients were treated with
SBRT from the year 2005 to 2015. Primary sites of pulmonary oligometastases included colorectal car-
cinoma (n¼ 118), lung carcinoma (n¼ 36), melanoma (n¼ 11), sarcoma (n¼ 10), breast carcinoma
(n¼ 7), and other tumors sites (n¼ 24). Median follow-up was 26 months. Median survival was
33 months. The 2-year and 5-year OS rates were 63% and 30%, respectively. On univariate analysis
synchronous oligometastases (HR 0.59) and colorectal primary (HR 0.64) were associated with
improved OS. On multivariable analysis synchronous oligometastases (HR 0.56), colorectal primary (HR
0.62) and tumor size <3 cm (HR 0.68) were independently associated with OS.
Conclusions: SBRT to pulmonary oligometastases was associated with a 2-year OS of 63%. Tumor size
<3 cm and colorectal primary tumors experienced improved OS compared to tumors >3 cm and non-
colorectal primary tumors.
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Introduction

The oligometastatic disease represents a potentially curable
state of distant metastases. It refers to a state which is
‘intermediate between purely localized lesions and widely
metastatic disease’. The oligometastatic state was hypothe-
sized in 1995 [1], although efforts to eradicate metastases by
local therapies have been documented as early in the 1930s
[2]. Existence of oligometastases has been confirmed for vari-
ous cancer sites and use of aggressive local treatment of oli-
gometastases has translated into improvement of overall
survival (OS) [2,3]. For example, the long-term results of a
randomized phase II study of the EORTC-NCRI CCSG-ALM
Intergroup reported improved OS after Radiofrequency
Ablation (RFA) with chemotherapy of unresectable colorectal
liver metastases compared to chemotherapy alone [4].
Furthermore, recently, a randomized phase II trial also

reported improved progression-free survival (PFS) if local
consolidative therapy was added to systemic therapy for
patients with oligometastatic non-small cell lung cancer
(NSCLC) [5].

Lung is the most commonly involved organ by distant
metastases. Pulmonary metastasectomy is a time-tested
treatment approach for patients with oligometastatic lung
disease [2,3,6–8]. Complete surgical excision of pulmonary
oligometastases results in OS of 26% at 10 years and 22% at
15 years [3]. Not all patients are suitable for radical excision;
patients can be inoperable due to central location of lesions,
presence of one or more lesions in both lungs, history of
lobectomy or pneumonectomy, or patients may be poor sur-
gical candidates due to other medical conditions. Other
treatment options for patients diagnosed with pulmonary oli-
gometastases include stereotactic body radiotherapy (SBRT),
RFA, laser therapy, and chemotherapy. SBRT is a modern
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radiation technique that delivers a high dose to the tumor in
a small number of fractions. For patients with pulmonary oli-
gometastatic disease, SBRT achieves excellent local control
and is associated with limited toxicity [9–21]. Patients treated
with SBRT are usually not suitable for surgery, are often eld-
erly and have multiple co-morbidities. Given the limited life-
span, this subset of patients may experience different
survival as compared to young and fit patients subjected to
radical metastasectomies. Therefore, we conducted the pre-
sent study with the aim to evaluate OS and identify prognos-
tic factors associated with OS for inoperable pulmonary
oligometastases treated with SBRT.

Material and methods

Patient selection

This retrospective study was approved by the institutional
medical ethics committee of the Erasmus Medical Center
(EMC) with approval number MEC-2016-729. Criteria used for
selection of patients with oligometastatic disease included:
metastases limited to 2 organs and in total 5 metastases at
the time of treatment. Patients were considered inoperable
in presence of severe comorbidity or when tumors were
unresectable. Patients previously treated for oligometastases
with surgery or chemotherapy but not with SBRT who devel-
oped oligo-recurrence were also eligible. Exclusion criteria
were patients with polymetastatic progression or patients
with prior thoracic radiotherapy. From 2005 to 2015, 327
inoperable pulmonary metastases in 206 patients were
treated with SBRT. Histopathological confirmation of metasta-
ses was considered in patients whenever safe and feasible
and was performed in 42% of the patients. All inoperable
pulmonary metastases were treated with SBRT and all extra-
pulmonary oligometastases were treated with surgery, SBRT
or RFA, depending on the decision of the multidisciplinary
tumor board.

Treatment schedules

Details of SBRT procedure and dose fractionation schedules
used for pulmonary oligometastases at the institution have
been previously described in detail [21–24]. Briefly, the radi-
ation schedule used did depend on the location of tumor.
Peripheral lung metastases were treated to 51Gy or 60Gy in
3 fractions or to 30Gy in a single fraction, whereas central
tumors (located within 2 cm of trachea and main bronchus)
received 50–60Gy in 5 fractions, except when the tumor was
located close to esophagus. In that case, metastases were
treated with 6–7 fractions of 8 Gy or 7 fractions of 7 Gy. Dose
to target volume was prescribed at the 70–90% isodose line
(median 78%), covering at least 95% of the Planning Target
Volume. Similar biological effect for different dose-fraction-
ation schedules used in our study was assessed by convert-
ing the physical dose to the biological equivalent dose
(BED10), assuming an a/b ratio of 10Gy. To account for the
dose calculation inaccuracy of the Ray Tracing as compared
to Monte Carlo algorithm [25,26], the BED10 calculated with

the Ray Tracing algorithm was corrected by reducing it by
12% for central tumors and 17% to 21% for peripheral
tumors [25].

Clinical follow-up was performed at 3 weeks after SBRT
and at 3, 6, 12, 18, and 24 months after treatment and yearly
thereafter. All acute and late adverse events were reported
and scored for severity using NCI Common Terminology
Criteria for Adverse Events, version 3.0. Only the highest
score of acute and late toxicity of each patient was used to
determine the toxicity of the whole group.

Definition of endpoints

OS was calculated from the date of first SBRT session to date
of death or date of last follow up for alive patients.
Progression-free survival (PFS) was calculated from the date
of first SBRT to date of local, regional or distant relapse
whichever happened first. Patients without death or any
relapse on last follow up were censored. Time to local recur-
rence was calculated from start date of SBRT to date of local
recurrence. Patients who did not experience local recurrence
were censored at the date of the last follow-up. Toxicities
were recorded as per NCI Common Terminology Criteria for
Adverse Events, version 3.0. Only the highest score of acute
and late toxicities of each patient was used to calculate
the toxicity.

Factors evaluated for prognosis

Variables included as prognostic factors were: age, gender,
primary site, metachronous versus synchronous tumors, num-
ber of metastases in body, number of metastases in lungs,
presence of extra-pulmonary metastases, delivery of pre-SBRT
chemotherapy, BED10, fractionation schedule of SBRT, size of
largest pulmonary metastases, delay in initiation of SBRT for
�4 months, presence of comorbidities, location of lung
metastases (central versus peripheral) and location of meta-
stases in lower lobes versus other locations. Comorbidity was
evaluated with the Charlson Comorbidity Index (CCI) and the
Cumulative Illness Rating Scale (CIRS). Synchronous metasta-
ses were defined as presence of metastases within 5 months
of diagnosis of the primary tumor whereas rest was labeled
as metachronous tumors. Synchronous oligometastases
either directly involved the lungs or initially involved liver
and then later developed oligo-recurrence to the lung and/
or other organs. To account for this variation, pulmonary oli-
gometastases were divided into three categories: (1) syn-
chronous lung oligometastases (n¼ 36); (2) synchronous liver
oligometastases followed by the development of oligometa-
stases to the lungs (n¼ 22); and (3) metachronous oligome-
tastases (n¼ 148).

Statistical considerations

Survival estimates were calculated using the Kaplan–Meier
method. Cox regression was used to obtain the Hazard Ratio
(HR) and 95% confidence interval (CI) for various covariates.
Covariates with a p-value �.20 were considered for
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multivariable analyses (MVA), which was also carried out by a
Cox proportional hazards model. The MVA was carried out
using backward selection where a threshold of p< .05 was
used. All analyses were performed using IBM SPSS statistics
version 22.0 software package (SPSS Inc., Chicago, IL, USA)
and Stata version 14.0 (StataCorp. 2015. Stata: Release 14.
Statistical Software, College Station, TX: StataCorp LP).

Results

Patient and tumor characteristics

In 206 patients, 327 pulmonary oligometastases were treated
with SBRT between 2005 and 2015. Primary sites of pulmon-
ary oligometastases included colorectal carcinoma (n¼ 118),
lung carcinoma (n¼ 36), melanoma (n¼ 11), sarcoma
(n¼ 10), breast carcinoma (n¼ 7), and other tumors sites
(n¼ 24). Majority of patients (n¼ 148) had metachronous
tumors. One-hundred-fifty-four patients had more than one
metastasis and extra-pulmonary metastases were present in
86 patients. Ninety-nine patients received chemotherapy
before start of the SBRT. Patient and tumor characteristics
are shown in Table 1.

Survival and local control

At the time of analysis 112 patients (54%) had died. Median
follow-up for alive patients was 26 months (range: 2–102
months). Median OS in the entire cohort was 33 months. The
2-, 3-, and 5-year OS rates were 63%, 47% and 30%, respect-
ively (Figure 1). Median progression-free survival (PFS) was
13 months. The 2-, 3-, and 5-year PFS rates were 36%, 25%,
and 16%, respectively. Local control at 2-, 3-, and 5-year was
85%, 83%, and 81%, respectively.

Prognostic factors

The univariate analyses showed that synchronous metastases
(HR 0.59, 95% CI 0.38–0.92, p¼ .019) and colorectal primary
site (HR 0.64, 95% CI 0.44–0.92; p¼ .018) were significantly
associated with better OS (Table 2, Figure 2). In the multivari-
able analysis, synchronous metastases (HR 0.56, 95% CI
0.36–0.86; p¼ .009), colorectal primary site (HR 0.62, 95%
CI 0.42–0.89, p¼ .011) and tumor size <3 cm (HR 0.68, 95%
CI 0.46–0.99, p¼ .046) remained as independent factors sig-
nificantly associated with better OS, whereas the variables
age, pre-SBRT chemotherapy and BED dropped out of the
model (Table 3).

Patients with synchronous liver metastases (n¼ 22) that
later developed pulmonary oligo-recurrence had a median
OS of 40.5 months, synchronous pulmonary oligometastases
(n¼ 36) had median OS of 39.5 months and median OS for
metachronous pulmonary oligometastases (n¼ 148) was
29 months. However, these results were not significant
(Figure 3). On subset analysis, patients with synchronous
metastases from noncolorectal primaries experienced signifi-
cantly better OS than metachronous tumors (p¼ .026)
(Figure 4).

SBRT related toxicity

SBRT was tolerated very well and there was no treatment-
related death. SBRT toxicity was scored retrospectively. Acute
grade 2 toxicities were experienced by <5% of the patients.

Table 1. Patient characteristics (N¼ 206).

Characteristics Percentage

Age (median, range)
<70 years 68 years (28–87) 63.1%
�70 years 36.9%

Gender
Male 121 58.7%
Female 85 41.3%

Comorbidity index
CCI (median, range) 1 (0–13)
Score 0 73 35.4%
Score 1–2 68 33.0%
Score �3 65 31.6%
CIRS (median, range) 1 (0–13)
Score 0–4 177 85.9%
Score �5 29 14.1%

Primary tumor location
Colorectal 118 57.3%
Lung (Non small cell) 36 17.5%
Melanoma 11 5.3%
Sarcoma 10 4.9%
Breast 7 3.4%
Others 24 11.6%

Presentation of metastasis
Synchronous 58 28.2%
Metachronous 148 71.8%

Distribution of metastasis
Lung only 120 57.2%
Extrapulmonary and lung 86 41.8%

Number of Metastases
In body
a. Single 52 25.4%
a. �2 154 74.8%
In lungs
a. Single 90 43.7%
a. �2 116 56.3%

Pre-SBRT Chemotherapy
Yes 99 48.1%
No 107 51.9%

SBRT, CCI, CIRS.

Figure 1. Overall survival for inoperable pulmonary oligometastases treated
with SBRT.
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Acute grade 3 toxicities experienced included grade 3 dys-
pnea (n¼ 3), chest pain (n¼ 1) and both dyspnea and
fatigue (n¼ 1). As regards to late toxicity, 7.5% of the
patients experienced late grade 2 cough and 6% experienced
grade 2 fatigue.

Discussion

In this cohort 2-year and 5-year OS rates were 63% and 30%,
respectively. The study demonstrates that SBRT achieves
favorable long-term survival in patients ineligible for meta-
stasectomy. Survival achieved in our cohort of patients is
particularly encouraging as the majority of patients had mul-
tiple comorbidities; more than 42% had extra-pulmonary
metastases, 75% had more than one metastases, and more

than half of the patients were not treated with chemother-
apy before the start of SBRT. The largest multi-institutional
study that treated patients of pulmonary oligometastases
with SBRT reported 2-year and 5-year OS of 53% and 24%,
respectively [27]. In this study, 5-year OS was 24% in the
DEGRO cohort and reached 31% and 38% in the Aarhus and
Torino cohorts, respectively [27]. Although treating a differ-
ent subset of patients with oligometastatic disease, our
results are comparable with the surgical series [3,7]. In the
meta-analysis conducted by the International Registry of
Lung Metastases [3], 5-year OS was 36% for completely
resected pulmonary oligometastases and 5-year OS for
incompletely resected tumors was 13%.

Interestingly, unlike other studies [12,16,20,27] this study
identified synchronous metastases as an independent prog-
nostic factor associated with better OS. One of the earliest
studies that treated 321 patients with oligometastases with
SBRT reported that metachronous tumors were independ-
ently associated with better OS (HR 0.71; p¼ .02) as com-
pared to synchronous tumors [12]. Similarly, in another large
cohort of oligometastatic patients treated with SBRT, syn-
chronous tumors were independently associated with worse
OS (HR1.5, p¼ .007) than metachronous oligometastases [28].
However, in the present study patients with synchronous
metastases had 44% lower risk of dying than patients with
metachronous metastases (HR 0.56 95% CI 0.36–0.86). Given
the retrospective nature of the study, our findings are prone
to selection bias. Selection bias could have resulted due to
the fact that synchronous metastases that develop rapid dis-
ease progression were excluded in the present study and
only synchronous tumors with indolent biology were
included. However, we cannot rule out similar selection bias
for metachronous tumors. A recently published study
showed that radical treatment for oligometastatic lung can-
cer was equally effective for synchronous and metachronous
tumors [29]. A meta-analysis that evaluated 1800 patients
diagnosed with multiple primary lung cancers concluded
that despite the tumor-free interval between the first and
second tumor in metachronous tumors, there was no signifi-
cant difference in survival between synchronous and meta-
chronous tumors [30]. Taken together with our results, these
findings may reflect existing biological heterogeneity of
metastatic spread. MicroRNA expression has been evaluated
as an initial step to demonstrate molecular basis for oligome-
tastatic spread. After treatment with aggressive metastases
directed therapies, microRNA signatures have been shown to
correlate with propensity to develop polymetastatic vs. oligo-
metastatic disease [31,32]. In future, tumor biology will play
an integral part in selecting patients with oligometastases
that are likely to benefit from aggressive therapies. This is an
area of active research and in future has potential to provide
insight into disease progression of synchronous and meta-
chronous oligometastatic disease.

In this study, colorectal cancers were associated with bet-
ter OS as compared to other tumor sites. Patients with colo-
rectal oligometastases had 38% lower risk of dying than
patients with other primary tumor sites (HR 0.62, 95% CI
0.42–0.89). The DEGRO group, having the largest cohort of

Table 2. Prognostic factors univariate analysis.

Covariate
Median OS

months (95% CI) HR (95%CI) p-value

1 Age
<70 years (128) 37.2 (29.6–44.7) 0.73 (0.50–1.06) .104
�70 years (78) 30.9 (25.0–36.8)

2 Sex
Male (121) 38.9 (30.7–47.1) 0.83 (0.57–1.21) .334
Female (85) 29.8 (23.1–36.5)

3 Primary location
Colorectal (118) 39.2 (34.8–43.6) 0.64 (0.44–0.92) .018
Others (88) 27.5 (20.6–34.4)

4 Timing of metastasis
Synchronous (58) 40.5 (34.4–46.6) 0.59 (0.38–0.92) .019
Metachronous (148) 28.8 (21.3–36.5)

5 Number of metastases in body
Single (52) 34.0 (20.6–47.4) 0.96 (0.63–1.48) .874
Multiple (154) 32.8 (25.3–40.3)

6 Number of metastases in lungs
Single (90) 31.3 (20.2–42.0) 1.06 (0.72–1.55) .775
Multiple (116) 33.4 (26.4–40.4)

7 Location of metastasis
Lung only (120) 31.1 (24.4–37.8) 1.14 (0.77–1.68) .515
Extrapulmonary (86) 39.0 (28.5–49.5)

8 PreSBRT chemotherapy
No (107) 32.8 (23.8–41.8) 1.34 (0.92–1.94) .129
Yes (99) 39.0 (29.6–48.4)

9 Biological equivalent dose (BED10)
�100 (144) 34.0 (26.3–41.7) 0.77 (0.53–1.13) .183
<100 (62) 30.9 (18.9–42.9)

10 Fractionation of SBRT
Fractionated (188) 33.4 (26.0–40.7) 1.09 (0.58–1.84) .923
Single (18) 30.8 (10.1–51.6)

11 Tumor size
<3 cm (144) 34.0 (26.3–41.7) 0.72 (0.49–1.05) .092
�3 cm (62) 29.5 (20.8–38.1)

12 Delay in initiation of SBRT
�4 months (132) 32.8 (24.0–41.6) 0.87 (0.60–1.28) .482
<4 months (74) 33.0 (24.9–41.1)

13 Charlson comorbidity index
0 (73) 34.0 (16.5–51.5)
1–2 (68) 33.0 (20.8–45.2) 0.76 (0.47–1.22) .254
�3 (65) 32.8 (19.6–46.0) 0.95 (0.61–1.48) .829

14 Cumulative illness rating scale
0–4 (177) 33.4 (27.1–39.6) 0.93 (0.55–1.56) .781
�5 (29) 30.9 (14.9–46.9)

15 Location of lung metastasis
Central (76) 33.4 (24.2–42.6) 1.03 (0.70–1.50) .881
Peripheral (130) 32.8 (21.2–44.4)

16 Location of lung metastasis
Lower lobe (120) 33.4 (25.4–41.4) 1.14 (0.77–1.67) .515
Other lobes (86) 31.1 (20.8–41.4)

SBRT/OS/HR/95% CI.
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patients with pulmonary oligometastases treated with SBRT,
has also confirmed the impact of primary tumor site on OS
[27]. In this multi-institutional study, renal cell carcinoma
showed the most favorable OS followed by colorectal pri-
mary cancers, while tumors from other sites such as esopha-
gus and melanoma showed poorer OS. The favorable OS for
colorectal primary tumors may be attributed to the use of
aggressive local therapies for primary site and oligometasta-
ses, and availability of effective as well as multiple lines of
chemotherapy [3,6–8,12]. Few studies have reported worse
tumor control for colorectal histology as compared to non
colorectal histology [33,34]. The multi-intuitional Japanese
study showed that 3-year local progression-free rate of
patients with colorectal origin was significantly worse (39%)
than that of non-colorectal origin (82%). The MVA also
revealed that primary CRC was the only significant prognos-
tic factor for LC. However, there was no significant difference
in OS between CRC and other histologies [33]. Similarly,
Takeda et al reported 2-year LC rate of 80% for colorectal
pulmonary oligometastases as compared to 94% for non
colorectal histology. MVA in this study revealed that only
tumor origin was significant associated with wore LC, unfor-
tunately, this study did not evaluate OS. The authors con-
cluded that LC for pulmonary oligometastases from CRC was
worse than that from other origins and suggested dose
escalation to achieve better LC [34]. Indeed this holds true,
in a recently published study where majority of pulmonary
metastases were treated with BED10 >100Gy reported no
significant difference in LC for CRC versus other non CRC
histology [21].

Figure 2. (A) Overall survival for synchronous and metachronous oligometastases (B) Overall survival for colorectal and non colorectal primary tumors.

Table3. Prognostic factors on multivariable analysis.

Covariate HR (95%CI) p-value

1 Primary location
Colorectal (118) 0.62 (0.42–0.89) .011
Others (88)

2 Timing of metastasis
Synchronous (58) 0.56 (0.36–0.86) .009
Metachronous (148)

3 Tumor size
<3 cm (144) 0.68 (0.46–0.99) .046
�3 cm (62)

Figure 3. Overall survival of synchronous liver oligometastases that later devel-
oped pulmonary oligometastases, synchronous pulmonary oligometastases, and
metachronous pulmonary oligometastases.
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In the present study tumor size <3 cm was significantly
associated with better OS. Maximum diameter of tumor
<3 cm was associated 32% lower risk of dying as compared
to tumors >3 cm (HR 0.68, 95% CI 0.46–0.99). Similar findings
have been reported in the literature [27,31].

Extra-pulmonary metastases and number of metastases
were not significantly associated with OS. This result is com-
parable to a study evaluating 309 oligometastatic patients
with different locations of their metastases that also con-
cluded that the present number of oligometastases did not
have an impact on OS [28]. Results from one of the earliest
studies that treated 587 oligometastases in 321 patients with
SBRT, revealed that delivery of pre-SBRT chemotherapy was
independently associated with favorable OS [12]. However, in
the current study as well as in the study by the DEGRO
group this relation between pre-SBRT chemo and OS could
not be established [27].

Median PFS in our cohort was 13 months. Fifty percent of
patients experienced disease progression within a year and
by the third year 75% had disease progression. Limitation of
the study includes its retrospective nature, was conducted in
a single center and is prone to selection bias. We did not
include disease-free interval as prognostic factor, SBRT tox-
icity was scored retrospectively. Other limitations are that
site of extra-pulmonary organs involved was not collected,
nor their treatment by local therapies and use of multiple
lines of chemotherapy used were not taken into account in
our analyses.

SBRT for inoperable pulmonary oligometastases was asso-
ciated with OS of 63% at 2 years and 30% at 5-years.

Our study is the first study one to report that synchronous oli-
gometastases are independently associated with better OS
than metachronous oligometastases. However, our results need
to be further validated by other studies. Molecular markers
may in future help to identify the course of disease progres-
sion for oligometastases. Other factors independently associ-
ated with better OS were colorectal primary and tumor size.
After an external validation of our results, all these factors may
be used to refine SBRT practice for pulmonary oligometastases.
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