
Abstract. Background/Aim: A retrospective study was
conducted to evaluate the safety and efficacy of stereotactic
body radiotherapy (SBRT) for pulmonary oligometastasis
from colorectal cancer (CRC). Patients and Methods:
Patients with pulmonary oligometastasis from CRC who
were treated with SBRT between April 2010 and October
2018 were enrolled in this study. All patients underwent
SBRT using Cyberknife® with a dose of 54-60 Gy in 3
fractions to 99% of the clinical target volume. The treatment
efficacy was evaluated by the local control (LC) and overall
survival (OS) rates. The toxicity was evaluated using the
National Cancer Institute’s Common Terminology Criteria
for Adverse Events version 4.0. Results: Twenty-six lesions
in 20 patients were treated with SBRT. The median follow-
up duration was 19 months (range=6-98 months). Local
recurrence occurred in 6 of 26 lesions with a median follow-
up of 12 months. The 2-year LC and OS rates were 65.8%
and 88.6%, respectively. No patient developed ≥ grade 2
toxicity in the lung and other sites. Conclusion: Although
very high doses were delivered to the tumors with SBRT, the
LC of pulmonary metastasis from CRC was not satisfactory
when compared to that for stage I primary non-small cell
lung cancer reported in the literature.  

Colorectal cancer (CRC) is one of the most common
malignant tumors and the fourth cause of cancer-related
deaths worldwide (1). Approximately 20% of patients with
stage IV disease present with distant metastasis at the time

of diagnosis (2). Moreover, approximately 20% of patients
who receive surgery for their primary tumor develop distant
metastasis (3). Patients with distant metastasis are generally
considered candidates of systemic chemotherapy. However,
some cases of oligometastasis/oligorecurrence, which are at
stages of limited-spread disease, may be curable with local
therapy such as surgery or radiation therapy (4, 5). Surgical
resection is considered the gold standard for resectable
pulmonary oligometastasis of CRC (6). However, the
invasiveness of pulmonary surgery is not insignificant, and
may be infeasible for older patients, those with poor
pulmonary or cardiac function, and those who have previous
history of pulmonary surgery (7). Therefore, indications of
surgery should be carefully determined.

Stereotactic body radiotherapy (SBRT) can deliver a very
high radiation dose to the tumor while minimizing the
dosage to the surrounding normal tissues, which results in
high local tumor control rate with acceptable normal tissue
toxicity (8). Several studies have reported on the efficacy of
SBRT for early-stage lung cancer (9, 10), and this treatment
has become one of the standard treatments for the disease
(6). Several others have reported on the use of SBRT for
pulmonary oligometastasis (5, 7, 11). However, the safety
and efficacy of SBRT for pulmonary oligometastasis has not
been thoroughly evaluated and its indication has not been
determined yet (7). 

We treated patients with pulmonary oligometastasis from
CRC using SBRT, if they were deemed to be medically
inoperable or if they had refused surgery. We conducted a
retrospective study to evaluate the safety and efficacy of
SBRT for the disease.

Patients and Methods
Patients. Patients with pulmonary oligometastasis from CRC who
were treated with SBRT at our institute between April 2010 and
October 2018 were enrolled in this study. Inclusion criteria were
as follows: (i) no evidence of recurrence at the primary site, (ii)
absent or controlled extrathoracic disease, (iii) ≤3 synchronous
lung metastases at the time of treatment, (iv) maximum tumor

2991

This article is freely accessible online.

Correspondence to: Shingo Kato, MD, Department of Radiation
Oncology, Saitama Medical University, International Medical
Center, 1397-1 Yamane, Hidaka, Saitama 350-1298, Japan. Tel: +81
429844136, Fax: +81 429844136, e-mail: s_kato@saitama-
med.ac.jp

Key Words: Stereotactic body radiotherapy (SBRT), oligorecurrence,
pulmonary oligometastasis, colorectal cancer (CRC).

in vivo 34: 2991-2996 (2020)
doi:10.21873/invivo.12130

Stereotactic Body Radiotherapy for Pulmonary 
Oligometastasis from Colorectal Cancer

NAO KOBAYASHI1,2, TAKANORI ABE1, SHIN-EI NODA1, YU KUMAZAKI1, RYUTA HIRAI1, 
MITSUNOBU IGARI1, TOMOMI AOSHIKA1, SATOSHI SAITO1, YASUHIRO RYUNO1 and SHINGO KATO1

1Department of Radiation Oncology, Saitama Medical University, International Medical Center, Saitama, Japan;
2Department of Radiation Oncology, Gunma University Hospital, Gunma, Japan



diameter ≤30 mm, (v) patients deemed medically unsuitable for
surgery or had refused surgery, (vi) Eastern Cooperative Oncology
Group (ECOG) performance status (PS) 0-1, (vii) complete lack
of serious cardiopulmonary dysfunction, active interstitial
pneumonia, or connective tissue diseases. Patients with a previous
history of systemic chemotherapy and/or surgery and/or SBRT for
pulmonary metastasis were included in the study. This study was
approved by the institutional review board of our institute
(Registration number: 19-281).

Treatment. Patients underwent a 4-dimensional (4D) computed
tomography (CT) scan of the chest with a slice thickness of 2.5 mm
to evaluate the respiratory motion of the tumor. When the tumor
respiratory motion was more than 10 mm, 2 or 3 fiducial markers
(Gold Marker®; Olympus Co., Tokyo, Japan) were placed near the
tumor using a bronchoscope. 

Gross tumor volume (GTV) was defined as the visible tumor in
the lung window on the treatment planning CT images. Clinical
target volume (CTV) was defined as the same volume as the GTV.
The maximum intensity projection was reconstructed from the 4D-
CT images and was used to delineate the internal target volume
(ITV) from the CTV. The planning target volume (PTV) was
determined by adding a 2-mm safety margin in all directions to the
ITV. The organs at risk (OARs), including the brachial plexus,
trachea and bronchus, esophagus, heart and great vessels, lung
fields, ribs, and spinal cord, were contoured on the planning CT
images using the soft-tissue window.

Patients were treated with SBRT using Cyberknife® (Accuray;
Sunnyvale, CA, USA) technology with 6-MV x-rays. When the
tumor respiratory motion was more than 10 mm, we adopted
“Synchrony respiratory tracking,” which allows the radiation beam
to be moved along with the movement of the lung tumor moving
synchronously with the markers. When the tumor respiratory motion
was less than 10 mm, we adopted “Xsight spine tracking,” which
allows the position of the tumor to be assessed and corrected based
on its relative location to the spine.

Treatment plans were calculated using a Ray Tracing algorithm
created before 2015 and a Monte Carlo algorithm created after 2015.
In general, the prescribed dose was 54 or 60 Gy in 3 fractions to 99%
of the CTV, but we considered it acceptable to alter the dose and
fractionation according to the dose constraints of the OARs (12, 13).

Follow-up. Follow-up with patients was conducted every 1-6
months for the first 2 years and every 3-6 months thereafter. To
evaluate disease status and pulmonary toxicity, all patients
underwent examinations consisting of physical exam, blood tests
[including serum carcinoembryonic antigen (CEA) and carbohydrate
antigen 19-9 (CA19-9)], and CT scans from the chest to the pelvis.
Pulmonary toxicity was graded using the National Cancer Institute’s
Common Terminology Criteria for Adverse Events (CTCAE),
version 4.0. No local recurrence was defined as being free from
tumor recurrence inside the originally irradiated area. When a tumor
was found in the lung outside the irradiated area, it was considered
to be a new tumor. 

Statistical analysis. Local control (LC) duration was measured from
the date of SBRT initiation to the date of local recurrence. Overall
survival (OS) duration was measured from the date of SBRT
initiation to the date of death or the most recent follow-up. The rates
of LC and OS were calculated using the Kaplan–Meier method. 

Univariate analyses were performed to determine significant
prognostic factors associated with LC, and the differences were
evaluated using the log-rank test. Statistical significance was
defined as a p-value of <0.05. SPSS software version 25.0 (IBM,
NY, USA) was used for statistical analysis.

Results
Patient and tumor characteristics. Twenty-six lesions in 20
patients were analyzed in the present study. Five patients had
colon cancer and 15 had rectal cancer. All patients underwent
definitive surgery for their primary tumors. Three patients
had stage IV disease with a solitary pulmonary or liver
metastasis, and 17 patients developed pulmonary metastasis
7 to 77 months after surgery. Ten patients received
chemotherapy before SBRT, depending on the clinical or
pathological stage. Regarding pulmonary metastasis, 14
patients had 1 tumor, 5 had 2 tumors, and 1 had 3 tumors.
The median size of the pulmonary tumor was 7 mm
(range=5-16 mm). Patient and tumor characteristics are
summarized in Table I.

Local control and disease progression. The median follow-
up period after SBRT was 19 months (range=6-98 months).
Local recurrence occurred in 6 of 26 lesions (23%). Median
time to local recurrence was 12 months (range=7-14
months). Three of the 6 recurrent tumors were surgically
salvaged and 1 patient received adjuvant chemotherapy after
salvage surgery.

Thirteen patients developed distant metastasis outside the
irradiated lung area and/or outside the lung, and 3 patients
died of recurrent CRC. The 2-year rates of LC and OS were
65.8% (95%CI=65.4-66.7) and 88.6% (95%CI=87.9-89.6),
respectively (Figures 1 and 2).

Toxicity. Grade 1 radiation pneumonitis was observed in 22
cases (84.6%) 2 to 9 months (median, 4.5 months) after
SBRT. No patient developed ≥ grade 2 pulmonary toxicity.
None of our patients developed other ≥ grade 2 late adverse
events during the follow-up duration.

Prognostic factors. The relationships between several patient
and tumor characteristics and treatment factors of SBRT are
presented in Table II. In the univariate analysis, tumor size
was the only significant prognostic factor for LC, and the LC
of the patients with tumor size ≥10 mm was significantly
poorer than that of those with tumor size <10 mm (p=0.022). 

Discussion

The importance of surgery and SBRT for pulmonary
oligometastasis from CRC has recently become increasingly
evident. While surgery remains the gold standard for
resectable oligometastasis from CRC, local control outcomes
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in recent reports of SBRT have closely approached those of
surgery. Several investigators have reported 2-year LC and
OS rates of 53% to 100% and 68% to 92%, respectively, in
their SBRT series (14-19), which were almost comparable to
those of surgery (20, 21). In the present study, we treated
patients with SBRT using the Cyberknife® system, and
report 2-year rates of 65.8% and 88.6% for LC and OS,
respectively. Therefore, the results of the present study were
considered comparable to those of previous reports. 

However, the LC rates following SBRT for pulmonary
metastases from CRC seemed unsatisfactory when compared
to those for stage I non-small cell lung cancer or for
pulmonary metastases from other cancers, which
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Table I. Characteristics of patients and tumors.

Variables                                                     No. of patients No. of lesions 
                                                                             (%)                    (%)

Age (years)                                                                                       
   Median                                                              69                        
   Range                                                              40-88                     
Gender                                                                                              
   Male                                                             13 (65%)                  
   Female                                                          7 (35%)                   
ECOG PS                                                                                          
   0                                                                   15 (75%)                  
   1                                                                    5 (25%)                   
Primary tumor site                                                                           
   Colon                                                            5 (25%)                   
   Rectum                                                        15 (75%)                  
Histological type of the primary tumor                                            
   Well                                                               6 (30%)                   
   Mod                                                              11 (55%)                  
   Unknown                                                      3 (15%)                   
T stage of the primary tumor                                                          
   1                                                                    3 (15%)                   
   2                                                                     1 (5%)                    
   3                                                                    9 (45%)                   
   4                                                                    7 (35%)                   
N stage of the primary tumor                                                          
   0                                                                    9 (45%)                   
   1                                                                    4 (20%)                   
   2                                                                    7 (35%)                   
M stage of the primary tumor                                                         
   0                                                                   17 (85%)                  
   1                                                                    3 (15%)                   
Timing of SBRT                                                                               
   Synchronous                                                                            0 (0%)
   1st recurrence                                                                         15 (58%)
   2nd recurrence or more                                                         11 (42%)
No. of pulmonary tumors                                                                
   1                                                                   14 (70%)                  
   2                                                                    5 (25%)                   
   3                                                                     1 (5%)                    
CEA level (ng/ml) within 6 mo of SBRT                                       
   <5                                                                                            5 (19%)
   ≥5                                                                                           18 (69%)
   Unknown                                                                                3 (12%)
CA19-9 level (U/ml) within 6 mo of SBRT                                      
   <37.0                                                                                      22 (85%)
   ≥37.0                                                                                        0 (0%)
   Unknown                                                                                4 (15%)
Previous chemotherapy before SBRT                                             
   Yes                                                               10 (50%)           13 (50%)
   No                                                                10 (50%)           13 (50%)
GTV (mm)                                                                                        
   Median                                                                                         7
   Range                                                                                         5-16
Prescription dose                                                                              
   60 Gy/3 fx (BED10=180 Gy)                                               6 (23%)
   54 Gy/3 fx (BED10=151.2 Gy)                                           17 (65%)
   Other                                                                                       3 (12%)
Adjuvant chemotherapy after SBRT                                               
   Yes                                                                3 (15%)             3 (12%)
   No                                                                15 (75%)           21 (81%)
   Unknown                                                      2 (10%)              2(8%)

ECOG: Eastern Cooperative Oncology Group; well: well differentiated
adenocarcinoma; mod: moderately differentiated adenocarcinoma;
SBRT: stereotactic body radiotherapy; CEA: carcinoembryonic antigen,
CA19-9: carbohydrate antigen 19-9; GTV: gross tumor volume; fx:
fractions; BED: biologically effective dose. 

Figure 1. Local control of pulmonary oligometastasis from colorectal
cancer treated with stereotactic body radiotherapy (SBRT).

Figure 2. Overall survival of patients with pulmonary oligometastasis
from colorectal cancer treated with stereotactic body radiotherapy
(SBRT).



demonstrated approximately 80-90% 5-year LC rates (9, 10).
We also demonstrated favorable treatment outcomes with 1-
year LC of 96% in stage I lung cancer patients treated with
Cyberknife® (22). Several investigators have offered
explanations for the relatively unfavorable LC as indicated by
the presence of satellite tumor cells around the pulmonary
lesion or the higher ratio of hypoxic tumor cells in the lesion
(23-25). In our study, however, all local recurrences occurred
within the radiation field, and we found no local recurrence
caused by the satellite lesion. 

Several investigators have suggested that patient age, pre-
SBRT CEA, primary site (colon or rectum), number of
pulmonary lesions, tumor size, radiation dose of SBRT, and
adjuvant chemotherapy after SBRT were significant
prognostic factors (15, 26, 27). In the present study, tumor
size was the only significant prognostic factor for LC, likely
due to the small number of patients. In our study, patients
with tumor size ≥10 mm had significantly poorer LC
compared to those with tumor size <10 mm (Table II).  

Several authors have suggested that a very high dose of
SBRT should be delivered to achieve favorable LC (19, 26-
28). Qiu et al. have reported that patients who received ≥80
Gy10 had better LC than those who received <80 Gy10 (26).
Jingu et al. have noted that patients who received ≥100 Gy10
to D95 of PTV had better LC than those who received <100
Gy10 (27). In the present study, Cyberknife® was used for
the treatment, and very high doses were concentrated to the
pulmonary tumors. Even though most patients received >130
Gy10 to D99 of CTV, the LC was relatively unfavorable.

One issue with the actual SBRT dose delivered to the
small pulmonary lesion is that the accuracy of SBRT dose
is influenced by the choice of treatment planning algorithm
because of the use of small fields with its physical
uncertainties and tissue inhomogeneity with high/low
density interface (12). Even when the prescription dose is
the same, the actual dose delivered to the tumor varies
markedly, because there are various methods for
determining isodose values. Furthermore, intrafractional
movement of the pulmonary tumor causes uncertainty
regarding the dose delivered to the tumor. Therefore, not
only the optimal dose/fraction but also the optimal
methods of prescription or isodose values, should be
evaluated (19). Further study is required to define the
optimal prescription dose for pulmonary oligometastasis
from CRC.

None of the patients developed ≥ grade 2 toxicity from
SBRT in the present study. Several investigators have also
reported a low risk of pulmonary toxicity by SBRT (14-19).
SBRT using CyberknifeR can minimize the dose to normal
tissues, which results in a low incidence of pulmonary
toxicity. However, treatment should be performed carefully,
especially when the patient has poor cardiopulmonary
function or concomitant disease such as interstitial
pneumonitis or connective tissue disease.

Our study has several limitations. First, this was a single-
institution retrospective study with a small number of
patients. Second, patient background was heterogeneous.
Third, median follow-up period after SBRT was short.
Despite these limitations, given that the optimal treatment
method of SBRT for pulmonary oligometastasis from CRC
has not been thoroughly evaluated, and its indication has not
been determined yet, our study offers useful information on
the treatment of pulmonary oligometastasis from CRC. 
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Table II. Prognostic factors for local control.

                                                                  n          2-year LC       p-Value
                                                                                rate (%)

Gender                                                                                             0.769
   Male                                                       18             72.2                   
   Female                                                     8             87.5                   
Primary lesion                                                                                 0.975
   Colon                                                       7             71.4                   
   Rectum                                                  19             78.9                   
T stage                                                                                             0.655
   T1, T2                                                      5            100.0                  
   T3, T4                                                    21             71.4                   
N stage                                                                                                 
0.559
   N0                                                          11             90.9                   
   N1, N2                                                   15             66.7                   
CEA before SBRT                                                                          0.878
   <5                                                           19             84.2                   
   ≥5                                                             4             75.0                   
   Unknown                                                 3                                       
CA19-9 before SBRT                                                                     0.156
   <20                                                         15             86.7                   
   ≥20                                                           7             71.4                   
   Unknown                                                 4                                       
No. of lung metastases                                                                   0.055
   <2                                                           16             87.5                   
   ≥2                                                           10             60.0                   
Diameter of lung metastases (mm)                                                0.022
   <10                                                         18             88.9                   
   ≥10                                                           8             50.0                   
BED10                                                                                             0.534
   <150                                                         3             66.7                   
   ≥150                                                       23             78.3                   
Adjuvant chemotherapy after SBRT                                              0.402
   Yes                                                           3             33.3                   
   No                                                          21             81.0                   
   Unknown                                                 2                                       
Histological type of adenocarcinoma                                              0.983
   Well                                                          8             87.5                   
   Mod                                                        15             73.3                   
   Unknown                                                 3                                       

CEA: Carcinoembryonic antigen; SBRT: stereotactic body radiotherapy;
CA19-9: carbohydrate antigen 19-9; GTV: gross tumor volume; BED:
biologically effective dose; well: well differentiated adenocarcinoma;
mod: moderately differentiated adenocarcinoma.



In conclusion, this study showed the efficacy and safety
of SBRT in patients with pulmonary oligometastasis from
CRC. Although very high doses were delivered to the
tumors, the LC obtained in this study was not satisfactory
when compared to that for stage I primary lung cancer or for
pulmonary metastases from other cancers reported in the
literature. The optimal dose and fractionation schedule for
this disease remain controversial. Further prospective studies
with larger cohorts are needed to determine the appropriate
treatment for pulmonary oligometastasis from CRC.
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