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Dose Escalation Improves Outcome in
Stereotactic Body Radiotherapy for Pulmonary
Oligometastases from Colorectal Cancer
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Abstract. Aim: To evaluate the efficacy of stereotactic body
radiotherapy (SBRT) for pulmonary metastasis from
colorectal cancer. Patients and Methods: Data for 104
lesions from 93 patients who underwent SBRT for pulmonary
oligometastases from colorectal cancer at ten Institutions
were retrospectively analyzed. Toxicity was graded according
to the Common Terminology Criteria for Adverse Events
v4.0. Results: The median calculated biological effective
dose using the linear-quadratic model with a/ff of 10 Gy
(BED10) was 105.6 Gy. Adjuvant chemotherapy after SBRT
was performed in 47 patients. The median observation
period was 28 months. The 3- and 5-year local control rates
were 65.2% and 56.2%, respectively. The 3- and 5-year
overall survival rates were 55.9% and 42.7%, respectively.
Only two patients had grade 3 radiation pneumonitis. In
multivariate analysis for local control, primary site, age,
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adjuvant chemotherapy after SBRT and BED10 were selected
as prognostic factors. Conclusion: Dose escalation and
adjuvant chemotherapy might improve local control in SBRT
for pulmonary oligometastases from colorectal cancer.

Lung metastases occur in 7-10% of patients with colorectal
cancer (1, 2). The term oligometastases, which means fewer
than five metastatic lesions, has become popular. Pulmonary
metastases from colorectal cancer should be resected as
much as possible (3); however, stereotactic body
radiotherapy (SBRT) for pulmonary oligometastases is
known to be almost as effective as metastasectomy.
However, some institutions, including our hospitals, have
shown that the local control rate for pulmonary
oligometastases from colorectal cancer by SBRT was worse
than that for oligometastases from other cancer types by
SBRT (4, 5).

The efficacy and safety of SBRT for primary lung cancer
have been established. SBRT is an alternative treatment method
for early lung cancer. In the present study, we retrospectively
reviewed data for patients with pulmonary metastasis from
colorectal cancer who were treated by SBRT in Japanese
hospitals in order to determine the efficacy and to clarify the
prognostic factors for local control and overall survival.
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Table 1. Patient characteristics.

Table II. Treatment characteristics.

Characteristic Value Characteristic N
Gender, n Prescribed dose
Male 60 =130 Gy BED 29
Female 33 129-100 Gy BED 59
Age, years <100 Gy BED 16
Median 69 Prescribed method
Range 34-79 Isocenter 77
Primary clinical stage, n D95 24
I-1IT 26 Unknown 3
II-1v 54 Treatment period
Unknown 13 <7 Days 80
Primary site, n =7 Days 24
Colon 48 Adjuvant chemotherapy
Rectum 45 Oral fluoropyrimidine 22
Disease-free interval, months FOLFOX/FOLFIRI/XELOX 9
Median 18.2 Other 16
Range 0-112.5 None 57
Performance status, n$
0-1 89 BED: Biological effective dose.
2 5
Tumor diameter, mm
Median 15
Range 4-37
CEA, ng/ml
Median 45 Ethics. This retrospective study was approved by the Ethical
Range 0-175.6 Committees at all institutions.

CEA: Carcinoembryonic antigen. SAccording to the Eastern

Cooperative Oncology Group.

Patients and Methods

Patient eligibility. The eligibility criteria included i) histopathologically
proven colonic or rectal cancer, ii) clinical diagnosis of pulmonary
metastasis from colorectal cancer, iii) no history of radiotherapy for
the same lesion, iv) less than 80 years of age, v) Eastern Cooperative
Oncology Group (ECOG) performance status of 2 or less, vi) no other
active malignant tumor, and vii) absence of severe lung, heart or liver
disorder.

Data for 104 lesions in 93 patients (60 males and 33 females)
who received SBRT for pulmonary oligometastases from colorectal
cancer between January 2004 and December 2013 at 10 institutions,
which took part in the Japanese Radiation Oncology Study Group,
were used for analysis in this retrospective study.

Toxicity. Toxicity was graded according to the Common
Terminology Criteria for Adverse Events (CTCAE v4.0) (6).

Statistical analysis. Survival estimates were calculated using the
Kaplan—Meier method from the first date of SBRT, and differences
were evaluated by the log-rank test. Cox’s hazard regression analysis
using a backward stepwise selection model was used for multivariate
analysis.

A p-value of less than 0.05 was considered significant. All
analyses were performed using SPSS 22.0 (IBM Corp., Armonk,
NY, USA).
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Results

The median age of the patients was 69 years. The
characteristics of the 93 patients with 104 lesions are shown in
Table I. All patients completed SBRT. The median total
irradiation dose was 50 Gy (range=40-65 Gy) per 3-15
fractions. The median calculated biological effective dose using
the Linear-Quadratic (LQ) model with a/f=10 Gy (BED10)
was 105.6 Gy (range=72-134.4 Gy). The prescribed dose was
delivered to the isocenter in 77 patients, covering 95% of the
planning target volume (PTV) (D95) in 24 patients and by
other methods in three patients. The median disease-free
interval (DFI) between initial therapy for the primary site and
SBRT was 18.2 months (range=0-112.5 months). Adjuvant
chemotherapy after SBRT was performed in 47 patients. As
adjuvant chemotherapy, oral fluoropyrimidines were used in 22
patients [uracil and tegafur (UFT) in eight patients, xeloda in
two, S-1 in 10 patients and capecitabine in two], oxaliplatin,
leucovorin and 5-fluorouracil (FOLFOX), irinotecan,
leucovorin and 5-fluorouracil (FOLFIRI) or capecitabine and
oxaliplatin (XELOX) was used in nine patients and other
regimens or unknown regimens were used in the other patients.
Treatment characteristics are shown in Table II.

During the observation period, 62 patients had recurrence or
other metastases after SBRT and 48 patients died. The median
observation period for 42 survivors was 28 months. The 3- and
S5-year overall survival rates were 55.9% [95% confidence
interval (CI)=43.7-68.1%] and 42.7% (95% CI1=28.8-56.7%),
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Figure 1. Overall survival rate and local control rate as determined by
Kaplan—Meier methods.

respectively. The 3- and 5-year local control rates were 65.2%
(95% ClI=53.8-76.6%) and 56.2% (95% Cl=41.1-71.3%),
respectively (Figure 1). The local control rate in patients who
were treated with higher BED (=100 Gy BED in patients
prescribed with D95 or =130 Gy BED10 in patients prescribed
with an isocenter dose) was significantly better than that in
patients treated with lower BED10 (<100 Gy BED in patients
prescribed with D95 or <130 Gy BED in patients prescribed
with an isocenter dose) (log-rank test, p=0.011) (Figure 2).

Only two patients had grade 3 radiation pneumonitis,
including a patient with grade 5. There was no other patient
with grade 3 or higher toxicity.

In multivariate analysis for local control, primary site
(rectal cancer being favorable) [hazard ratio (HR)=0.375,
95% CI=0.159-0.884, p=0.025], age (70 or more years being
favorable) (HR=0.416, 95% CI=0.177-0.979, p=0.044),
adjuvant chemotherapy after SBRT (HR=0.246, 95%
CI=0.097-0.625, p=0.003) and BED10 (=100 Gy BED in
patients prescribed with D95 or =130 Gy BED in patients
prescribed with an isocenter dose being favorable)
(HR=0.100, 95% CI=0.013-0.768, p=0.027) were selected as
prognostic factors. In multivariate analysis for overall
survival, there was no significant prognostic factor.

Discussion

Local recurrence rates following resection of pulmonary
oligometastases from colorectal cancer have been reported to
be in the area of 20-30% (7-9). Retrospective analyses of
radiofrequency ablation (RFA) for pulmonary metastases

Log-rank test, p=0.011

104 -ag-l .
s 2100 Gy BED for D95
o 4 or 2130 Gy BED for isocenter
—
: ",
E s nn'm.:m abs -
e I
[ o &
8 T e e B f- =l - A
g ™71 <100 Gy BED for D95 or <130 Gy BED for isocenter
—_
0.
00~
:"r 24'.0 lBI.U 71; o QEI.CI ‘:ll:l 0
No. at risk Mon.{hs
Higher BED 25 11 7 1 o o
Lower BED 76 34 B 5 3 o

Figure 2. Local control rates achieved using higher and lower
biological effective dose (BED) (=100 Gy BED in patients prescribed
with D95 or 2130 Gy BED in patients prescribed with an isocenter dose
being significantly favorable) as determined by Kaplan—Meier methods.

from colorectal cancer showed that the 2-year local control
rate was 56-80% and the 2-year overall survival rate was 34-
68% (10-12) (Table III).

To the best of our knowledge, this is the largest study of
SBRT for pulmonary oligometastases from colorectal cancer
at multiple Institutions. Despite the fact that almost of
patients enrolled in this study were medically inoperable,
overall survival and local control were comparable with
those of past reports on resection or RFA. Especially in
patients treated with higher irradiation dose, the local control
rate was favorable. The results of a previous study showed
that dose escalation might improve local control of liver
metastases from colorectal cancer (13), and our results are
consistent with this finding.

For 2130 Gy BED prescribed with the isocenter, standard
prescribed doses for primary lung cancer in Japan (e.g.
45 Gy/3, 48 Gy/4 or 60 Gy/8 fractions) are insufficient (14-
16). It is necessary to add one or two fractions with the same
prescribed dose to control pulmonary oligometastases. In the
present study, there were few patients with severe toxicities
caused by SBRT, and SBRT is considered to be an established
treatment method for pulmonary tumors. However, dose
escalation to improve local control may result in a higher
incidence of severe toxicities, especially for metastases in the
central lung zone, i.e. within a 2-cm perimeter around the
proximal bronchial tree. Therefore, the method with the
prescribed dose being 60% of the maximal dose in PTV
reported by Takeda et al. might be better than that at D95 (17).
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Table III. Literature review of treatment results for lung metastases from colorectal cancer.

Authors Year Treatment method N Local recurrence Overall survival
Welter et al. (7) 2007 Surgery 169 n.a. 5-Year: 39.1%
De Giacomo et al. (8) 1999 Surgery 24 21.7% 5-Year: 49.5%
Landreneau et al. (9) 2000 Surgery 80 8% 5-Year: 30.8%
Yan et al. (10) 2007 RFA 55 38% 3-Year: 46%

Yamakado et al. (11) 2009 RFA 140 5-Year: 20.6% 5-Year: 57.0%
Chua et al. (12) 2010 RFA 100 n.a. 3-Year: 50%

Current study 2016 SBRT 103 3-Year: 34.8% 3-Year: 55.9%

RFA: Radiofrequency ablation.

The fact that adjuvant chemotherapy improved local
control is reasonable. Adjuvant or neoadjuvant chemotherapy
with surgery for pulmonary metastases from colorectal
cancer has already been shown to have a good effect (18);
however, to our knowledge, this is the first report to show
the effect of adjuvant chemotherapy after SBRT.
Unfortunately, a beneficial effect on survival was not shown.
This might be due to the inclusion of patients who had
resistance to chemotherapy or due to the inclusion of various
chemotherapy regimens. A prospective study is needed to
determine the appropriate regimen after SBRT.

Our results suggest that local control of oligometastases
from rectal cancer was significantly better than that of
oligometastases from colonic cancer. It is known that
outcome in patients with metastases from right-sided
colonic cancer is worse than that from left-sided colonic
and rectal cancer (19); this may be due to molecular
differences (e.g. KRAS and BRAF status, and microsatellite
instability). However, to the best of our knowledge, this is
the first report to show that the local control rate with
SBRT for lung metastases from rectal cancer is better than
that from colonic cancer. Although we do not know why
there was no significant difference in the overall survival
rate, our findings suggest that metastases from colonic
cancer may have greater resistance to radiation compared
with metastases from rectal cancer.

The concept of oligometastases was first proposed by
Hellman et al. in 1995 (20). Niibe et al. broke-down the
concept of oligometastases into oligo-recurrence and sync-
oligometastases (21). The major difference between oligo-
recurrence and sync-oligometastases is the status of the
primary lesion, which is the most important prognostic factor
of oligometastases, and oligo-recurrence conferrered better
prognosis than sync-oligometastases for certain kinds of
malignant tumors. The status of patients with more than 6
months of DFI in the present study was oligo-recurrence;
however, there was no significant difference in the local
control rate or overall survival rate even by log-rank test. In
metastasectomy of colorectal cancer, DFI was reported as a
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prognostic factor (22). This difference might be due to
chemotherapy before SBRT.

Unfortunately there exist some limitations to this study. It
was a retrospective study, with various treatment methods.
In many patients with colonic cancer, primary site details
(e.g. sigmoid, ascending descending and transverse) were
unknown.

Conclusion

The efficacy of SBRT for pulmonary metastasis from
colorectal cancer is not sufficient; however, dose escalation
and adjuvant chemotherapy might improve local control.
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