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Abstract. The present study reports the clinical outcomes of 
hypofractionated stereotactic body radiation therapy (SBRT) for 
oligometastasis (OM) originating from various tumors. Between 
February 2012 and April 2017, 40 patients with unresectable 
OM were treated with SBRT. Of these patients, 92% showed 
a solitary nodal metastasis and the rest had up to three metas-
tases. The dose prescription was 50 Gy in 10 fractions with 
three‑dimensional conformal techniques or volumetric inten-
sity‑modulated arc therapy. Median follow‑up was 14 months. 
Of the 40 patients, none showed local progression at the site 
of SBRT, but 20 patients showed tumor growth at distant sites 
during follow‑up. The 2‑ and 3‑year overall survival rates were 
45.1 and 36.1%, respectively. The 2‑ and 3‑year progression‑free 
survival rates were 35.4 and 26.5%, respectively. The interval 
between diagnosis and detection of OM (<2 vs. >2 years) and 
primary tumor site (esophagus vs. others) emerged as signifi-
cant variables affecting survival. Grade 3 subacute and grade 4 
chronic toxicities were observed in 1 and 2 patients, respectively. 
SBRT of 50 Gy in 10 fractions for OM from various primary 
tumors was shown to lead to good clinical outcomes from the 
viewpoints of local control and toxicity frequency. However, 
additional studies are required to identify the patient groups 
likely to receive maximal benefits from such treatment.

Introduction

By undertaking local treatment, such as surgical resection, 
radiation therapy or radiofrequency ablation, for a small 
number of recurrent or metastatic cancers for metastatic 
lesions, patient survival can be prolonged (1). Patients with 
oligometastasis (OM) follow a unique course and, according 
to previous reviews  (1,2), there is increasing evidence of 
improved prognosis for this condition. According to National 

Cancer Institute Dictionary (3), OM is a type of metastasis 
in which cancer cells from the original primary tumor travel 
through the body and form a small number of new metastatic 
tumors in one or more other parts of the body.

According to a review by Ashworth et al (1), local treat-
ment, such as surgical resection or stereotactic body radiation 
therapy (SBRT), has emerged as an additional treatment for 
OM. Either surgical resection, chemoradiotherapy (CRT) or 
a tri‑modality of surgery plus CRT is commonly selected as a 
curative treatment strategy (4,5).

Depending on location, SBRT induces minimal side effects 
and exhibits long‑lasting local control (2,6‑8). However, there 
are limited data concerning the outcome and side effects 
following SBRT for metastasis. A study to investigate the safety, 
efficacy and toxicity of SBRT for OM is therefore required. 
Certain clinical data exist regarding the application of SBRT, 
with a protocol of 50 Gy delivered in 10 fractions for OM at 
various sites except for the brain (9‑12). SBRT has also been 
used for OM in the abdominal lymph nodes (LNs) (5,13‑16).

Although concurrent CRT has become the first method of 
choice for isolated LN metastasis after primary radical treat-
ment for solid cancers, certain clinical cases exist for which 
the administration of chemotherapy is difficult, due to reasons 
such as having an unsatisfactory general condition, renal failure 
or being elderly, and in such cases, radiation therapy alone 
becomes a treatment option; however, the local control rate is 
inadequate when using conventional radiation therapy alone 
with 2 Gy for each fraction (5,8,10‑15). Therefore, it is highly 
likely that SBRT using an increased radiation dose per fraction 
will be more useful due to the enhanced antitumor effect.

At our institution, in cases where the administration of chemo-
therapy was difficult on the basis of the cancer being inoperable 
for various reasons, including patients who refused surgery, or had 
decreased renal function or poor general condition, SBRT was 
performed for OM after primary radical treatment. The safety 
and effectiveness of SBRT in the treatment of OM from various 
cancers were examined in the present study.

Materials and methods

Study participants. A total of 40 patients were recruited in 
this retrospective cohort study (median age, 70 years; range, 
51‑91 years; 29 males and 11 females) at the University of 
Tokyo Hospital between February 2012 and April 2017. Ethical 
approval was granted by the Clinical Research Review Board 
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of the University of Tokyo Hospital. Informed consent was 
obtained from all patients prior to the initiation of procedures.

The following inclusion criteria were set for the study: i) The 
maximum diameter of the OM was not more than 5 cm; ii) up 
to three lesions per patient were present; iii) an increasing trend 
for computed tomography (CT) scanning was noted; iv) by posi-
tron emission tomography (PET) scanning, an accumulation of 
2‑(18F)fluoro‑2‑deoxy‑D‑glucose (FDG) with a maximum stan-
dardized uptake value (SUV‑max) ≥2.0 was present (15); v) the 
OM lesion was judged as inoperable by the respiratory cancer 
board; vi) there was no history of radiation therapy for the target 
lesion; vii) the Karnofsky performance status (KPS) (17) was 
≥60%; viii) the primary tumor was confirmed via pathology; 
and ix) the prognosis was expected to be >3 months.

Treatment. SBRT of a total of 50 Gy in 10 fractions was 
performed 5 times a week using a linear accelerator (linac). 
Adjuvant therapy was not acceptable soon after SBRT. 
However, additional treatment for relapse cases after SBRT 
was allowed. This treatment had been performed since 
February 2012, and those patients who received SBRT up to 
April 2017 were analyzed.

Irradiation method. Image‑guided radiation therapy was 
performed each time. Each OM was contoured as separate irra-
diation sites. Four‑dimensional (4D)‑CT was used when possible.

The gross tumor volume (GTV) was for a tumor detectable 
via CT. The internal target volume (ITV) was calculated from 
the sum of all GTVs from 4D‑CT. The margin between the 
ITV and clinical target volume (CTV) was 0 mm. In other 
words, the microinvasive margin was not added. The margin 
between the CTV and the planning target volume (PTV) was 
5 mm in all six directions. The stomach, duodenum, small 
intestine, liver, spinal cord and kidney were contoured as the 
organs at risk. The prescribed dose was calculated to cover 
95% of PTV or the point of the isocenter using volumetric 
modulated arc therapy (VMAT). The total radiation dose was 
50 Gy in 10 fractions over 2 weeks. The biologically effective 
dose (BED) in the α/β=10 was 75 Gy.

Adverse events related to SBRT were evaluated using the 
National Cancer Institute Common Terminology Criteria for 
Adverse Events version 3.0 (18). The primary tumor at initial 
diagnosis was staged according to the sixth edition of the 
American Joint Committee on Cancer (19).

Follow‑up schedule. Regarding the post‑treatment follow‑up 
schedule, neck, chest, abdominal and pelvic CT scans with 
contrast if possible were performed at intervals of 3‑4 months 
for the first 3 years, and 4‑6 months after this time point. 
Complete response was evaluated according to the Response 
Evaluation Criteria In Solid Tumors criteria (version 1.1) (20).

Statistical analysis. Survival curves were drawn according to 
the Kaplan‑Meier method. P‑values in the univariate analysis 
for overall survival (OS) were calculated by the log‑rank 
test. The 95% confidence interval (CI) was calculated using 
Greenwood's formula  (21). The significance level was set 
at 5%. An event was defined as any death in OS calculations, 
and as any death or progression in progression‑free survival 
calculations, respectively.

Results

A total of 40 patients and 49 lesions fulfilled the aforemen-
tioned criteria for the present study. Patient and disease 
characteristics are presented in Table I. The highest KPS score 
was 90%. Primary tumors in patients recruited in this study 
were most frequently located in the esophagus (45%), with the 
lungs the second most common site (20%). Surgical resection 
was the most common primary therapy (83%).

Target lesion characteristics are presented in Table  II. 
The median interval between primary therapy and OM was 
25 months. OM occurred most frequently in the mediastinal 
LN (61%). A solitary metastasis comprised the largest propor-
tion of cases (92%). The median value of the SUV‑max was 
5.0. Loco‑regional metastases of the primary tumor comprised 
55% of OM sites. The median GTV was 18  cm3, and the 
median PTV was 32.9 cm3 (range, 15.6‑166.4 cm3).

The outcomes of SBRT are summarized in Table III. The 
progression of lesions within a radiation field was not observed 
during the follow‑up period. At the last observation, half of 
all patients had succumbed to cancer. The rate of disease‑free 

Table I. Patient and disease characteristics.

	 Number
Parameter	 of cases	 Frequency (%)

Number of patients	 40	
Number of lesions	 49	
Age at the start of SBRT, 		
years (n=40)
  Median (range)	 70 (51‑91)	
KPS at SBRT (n=49)		
  70%	 6	 12.8
  80%	 9	 19.1
  90%	 32	 68.1
  100%	 0	
Gender (n=40)		
  Male 	 29	 75.0
  Female 	 11	 25.0
Primary tumor (n=40)		
  Esophagus	 18	 45.0
  Lung	 8	 20.0
  Colorectum	 4	 10.0
  Uterus	 3	 7.5
  Thymus	 2	 5.0
  Head and neck	 2	 5.0
  Liver	 2	 5.0
  Liposarcoma	 1	 2.5
Primary treatment (n=40)		
Radical surgery	 33	 82.5
Definitive chemoradiation	 6	 15.0
Chemotherapy	 1	 2.5

SBRT, stereotactic body radiation therapy; KPS, Karnofsky 
performance status.
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patients was 45%; 60% of cases ended with distant progression 
(some of these cases were cured by salvage therapy), occurring 
in the lung, LN, primary tumor site, liver, bone and brain in 
eight, seven, three, three, two and one cases, respectively.

All SBRT treatments were intended to be curative. As for 
the disease extent at the onset of SBRT, all 49 lesions were not 
associated with other lesions. A total of 9 patients underwent 
prior radiotherapy for the primary tumor. No concomitant 
systemic therapy was undertaken for all 49 lesions. Two 
patients received chemotherapy prior to SBRT.

The median follow‑up time was 14.0  months (range, 
6.8‑57.1 months). The median time to distant progression after 
SBRT was 4.9 months (range, 0.7‑34.2 months); the time was 
computed from a diagnosis of the treated OM. The date of 
initiating SBRT for OM was calculated as day 0 in survival. OS 
(Fig. 1) and progression‑free survival (PFS; Fig. 2) curves were 
generated using the Kaplan‑Meier method. The median survival 
time was 22.5 months (95% CI, 13.3‑40.7 months). The 2‑ and 
3‑year OS rates were 45.1% (range, 26.9‑61.7%) and 36.1% (range, 
18.8‑53.7%), respectively. The median PFS time was 11.3 months 

Table II. Target lesion characteristics (n=49).

	 Number	 Frequency
Characteristics	 of cases	 (%)

Interval between diagnosis
of primary tumor and 
SBRT/per lesion (months)
  Mean	 41
  Median (range)	 25 (2‑169)
SBRT site
  Mediastinum LN	 30	 61.2
  Supraclavicular LN	 7	 14.3
  Chest wall/pleural/rib	 4	 8.2
  Pelvic/Para‑aortic LN	 4	 8.2
  Hilar LN	 3	 6.1
  Axilla LN	 1	 2.0
Number of treated lesions
  1	 45	 91.8
  2	 3	 6.1
  3	 1	 2.0
SUV‑max by FDG‑PET
  Median (range)	 5.0 (2.3‑17.1)
SBRT treatment group
  Locoregional	 27	 55.1
  Metastatic	 22	 44.9
GTV volume (cm3)
  Mean 	 25.0
  Median (range)	 18.0 (8.0‑120.0)
GTV >60 cc	 3 lesions

SBRT, stereotactic body radiation therapy; LN, lymph node, 
FDG‑PET, 2‑(18F)fluro‑2‑deoxuy‑D‑glucose‑positron emission 
tomography; GTV, gross tumor volume; SUV‑max, maximum 
standardized uptake value.

Table III. SBRT outcomes.

	 Number	 Frequency
Outcome 	 of cases	 (%)

Response to SBRT (n=49)
  Complete response	 24	 49.0
  Partial response	 8	 16.3
  Stable disease	 8	 16.3
  Progressive disease (local)	 0	 0
  Distant progression (n=40)	 24	 60.0
Status at the last observation (n=40)
  No evidence of disease	 18	 45.0
  Alive with disease	 0	 0
  Cancer‑related mortality	 20	 50.0
  Unrelated mortality	 2	 5.0

SBRT, stereotactic body radiation therapy.

Figure 1. Kaplan‑Meier curve of OS. The dashed lines represent the 
95% confidence interval curves. OS, overall survival.

Figure 2. Kaplan‑Meier curve of PFS. The dashed lines represent the 
95% confidence interval curves. PFS, progression‑free survival.
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(range, 5.3‑34.2 months). The 2‑ and 3‑year PFS rates were 
35.4% (range, 19.0‑52.2%) and 26.5% (range, 9.7‑47.0%), respec-
tively. The median survival time of the 2 patients who received 
pre‑chemotherapy before SBRT was 14.5 and 12.7 months, 
respectively. Additionally, the median survival time of 1 patient 
with three OM lesions was 23.0 months.

The results of the univariate analysis of factors that affected 
OS and PFS are presented in Table IV. A significant difference 
in both OS and PFS was seen based on the interval between 
diagnosis and detection of OM (<2 years vs. >2 years (P=0.041 
and P=0.028, respectively, via log‑rank test; Fig. 3). A primary 
tumor located in the esophagus was significantly associated 
with worse OS compared with lung or other locations (P=0.026; 
Fig. 4). Patients with OM from esophageal cancer succumbed to 
further distant metastases (n=9) or local recurrence (n=3) with 
the exception of 1 patient; patients with OM from lung cancer 
died of further distant metastases (n=5) and no local recurrence.

For acute radiation toxicities, five events were grade 1 
and two events were grade 2. For subacute and late toxicities, 
grade 3 radiation enteritis was seen in one case at 0.7 months, 
grade 4 radiation proctitis in one case at 2.7 months and grade 4 
radiation mediastinitis in one case at 9.0 months after SBRT.

Discussion

In the present study, the median survival time after SBRT 
for OM was ~2 years, a period comparable to that observed 

in previous reports (5), although study participants were not 
approved for concurrent chemoradiation. As 92% of patients 
had a single isolated OM in this study, treatment results 
may have been relatively positive even without combined 
chemotherapy. In 2012, Jereczek‑Fossa et al (22) reported 
the outcome of SBRT using 33 Gy in three fractions for 
16 LN cancers from prostate cancer. No regrowth occurred 
within the irradiated field, while PFS was >30 months. In 
2014, the same group (18) performed linac‑based SBRT for 
the recurrence of isolated abdominal LN cancers. Various 
dose fractions such as 6‑45  Gy in 1‑5 fractions (mean, 
24 Gy) were included. The median BED was 120 Gy. For 81 
evaluable lesions, a complete response was achieved in 44% 
of lesions, a partial response in 26% and stable disease in 
25%. Milano et al (23) reported that the 2‑year local control 
rate was 74% in non‑breast cancer cases. Surgical resection 
is less likely to be indicated for abdominal LN cancers, 
while a high local control rate of 70‑80% after SBRT has 
been reported (20,21). The 49 lesions within the irradiation 
field had not progressed in any of the cases examined. This 
indicated that the irradiation dose of 50 Gy in 10 fractions 
was sufficient. However, new distant metastases developed 
outside the irradiation field, which were the cause of death in 
a number of cases.

For patients who showed an interval prior to OM occur-
rence of >2 years, the prognosis was improved compared with 
those with an interval <2 years, as previously reported (4). 

Table IV. Univariate analysis of factors that affected OS and PFS.

	 OS	 PFS
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
		  Median	 95% CI		  Median	 95% CI
Factors	 N	 (months)	 (months)	 P‑value	 (months)	 (months)	 P‑value

GTV
  >20 cm3	 18	 14.5	 9.6‑30.5	 0.12	 7.5	 2.8‑16.8	 0.052
  ≤20 cm3	 22	 40.1	 12.9‑NA		  34.2	 6.4‑NA
Interval between the
primary therapy and OM (years)
  ≤1	 7	 19.5	 6.8‑NA	 0.32	 10.0	 2.8‑NA	 0.29
  >1	 33	 23.0	 13.3‑NA		  11.3	 5.3‑NA	
  ≤2	 20	 18.2	 8.4‑30.5	 0.041	 7.7	 1.9‑16.8	 0.028
  >2	 20	 29.4	 13.3‑NA		  34.2	 6.4‑NA
Primary tumor
  Esophagus	 18	 13.8	 8.4‑23.0	 0.026	 7.7	 2.8‑15.6	 0.10
  Lung	 8	 30.5	 9.6‑NA		  16.8	 2.2‑NA
  Others	 14	 NA	 10.1‑NA		  NA	 2.4‑NA
SBRT target
  Mediastinum	 25	 23.0	 12.9‑NA	 0.65	 15.6	 7.7‑34.2	 0.55
  Others	 15	 14.5	 8.5‑NA		  6.4	 1.7‑NA
Primary treatment
  Surgical resection	 30	 29.4	 13.3‑NA	 0.088	 10.5	 5.3‑NA	 0.57
  Others	 10	 22.5	 6.8‑NA		  11.3	 0.7‑NA

P‑values calculated via log‑rank test. OS, overall survival; PFS, progression‑free survival; GTV, gross tumor volume; OM, oligometastasis; 
SBRT, stereotactic body radiation therapy; NA, not applicable (still alive); CI, confidence interval.
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OM from esophageal cancer had a worse prognosis than that 
from other primary tumors. This is consistent with the fact 
that esophageal cancer itself has a poor prognosis (23). The 
site of OM was not a prognostic factor. As most patients had 
an isolated OM, the difference in prognosis according to the 
number of OM could not be compared in this study.

Further distant metastases were more likely to occur in 
patients with OM from esophageal cancer (50%) and lung 
cancer (62.5%). The difference in survival for each type of 
cancer could be justified by their differing characteristics.

A grade 4 side effect of radiation therapy was observed 
in two cases. In both cases, a recurrence outside of the field 
occurred at the same time as the side effect. A case showing 
a grade 4 intestinal perforation had uncontrolled diabetes. 
In a case with an esophageal perforation, a higher radia-
tion‑dose region had spread around the trachea, perhaps as 
it was difficult to increase the dose to the surrounding lungs. 
Additionally, in this case, the dose was prescribed to cover 
95% of the PTV using VMAT. After this case, the prescrip-
tion point was positioned on the isocenter at our institution. 
In 2006, Hoyer et al (24) were the first to report SBRT for a 
total of 64 metastases for up to three lesions per patient from 
colorectal cancer, with a 2‑year local control rate of 79%, 
although serious side effects were reported in several cases. 
In 2008, Kim et al (25) carried out SBRT of 36‑51 Gy in three 
fractions using a cyberknife on 23 patients with pelvic LN 
metastases from rectal cancer, and reported that the 4‑year 
local PFS was 74.3%. A grade 4 rectal perforation occurred 
in one case with 51 Gy. Casamassima et al  (26) reported 
that only a Radiation Therapy Oncology Group grade 1 side 
effect occurred after SBRT of 45 Gy in six fractions for 
abdominal or pelvic LN metastases from prostate cancer. 
Corvò et al (27) treated 36 patients with SBRT of 35 Gy in 
five fractions per week. Lesions were confined to the pelvis, 
hepatic portal section and retroperitoneal space. Moderate to 
severe acute side effects did not occur. In this study, brachial 

plexus palsy did not occur in seven lesions for 7, 7, 8, 8, 14, 
18 and 34 months, even if 50 Gy of radiation was used in the 
supraclavicular region. The risk of the occurrence of the palsy 
may be high, as only 1 patient could be followed for >2 years.

Regarding the limitations of this study, first of all, the 
number of cases investigated was small. In addition, this 
was a retrospective study in which irradiation sites varied 
spanning supraclavicular to pelvic regions. OM was proven 
pathologically in only certain patients. Although a tendency 
to increase the size and uptake of FDG in PET imaging was 
confirmed, there may be the possibility of infection or other 
factors affecting this. Furthermore, the primary tumors studied 
also varied. Finally, 2 patients that received pre‑chemotherapy 
prior to SBRT and 1 patient with 3 OM lesions were also 
included.

SBRT of 50 Gy in 10 fractions for OM by various primary 
tumors was demonstrated to be practical, with good clinical 
outcomes from the standpoints of local control and frequency 
of toxic side effects. However, additional studies are required 
in order to identify patient groups that would receive 
maximum benefits from this treatment.
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