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Simple Summary: Colorectal cancer (CRC) is one of the most common malignancies in developed
countries and 50% of patients will progress to metastatic disease during follow-up, the liver and lungs
being the most common sites. For lung metastases in particular, although surgery has historically
been the treatment of choice, the use of stereotactic body radiotherapy (SBRT) is increasing. SBRT is
known to be a well-tolerated and less invasive alternative to surgery, with excellent results in terms
of local control and toxicity. The aim of this retrospective, single-center study was to compare local
thoracic control rates with SBRT against those with surgery.

Abstract: Background: Surgery and stereotactic body radiotherapy (SBRT) are two of the options
available as local treatments for pulmonary oligometastases from colorectal cancer (CRC). We hypoth-
esized that SBRT would have, at least, a similar local control rate to surgery. Methods: We identified
an initial cohort of 100 patients with CRC who received SBRT or surgery for lung metastases. This
was then narrowed down to 75 patients: those who underwent surgery (n = 50) or SBRT (n = 25) as
their first local thoracic treatment between 1 January 2004 and 29 December 2017. The Kaplan–Meier
method was used to calculate lung-progression-free survival (L-PFS) and overall survival (OS). Re-
sults: The 1 and 2-year L-PFS was 85% and 70% in the surgical group and 87% and 71% in the SBRT
group, respectively (p = 0.809). No significant differences were found between the two groups in
terms of OS. The biologically effective dose (BED), age and initial CRC stage did not have a significant
effect on local control or survival. No grade 3 or above acute- or late-toxicity events were reported.
Conclusions: These results add retrospective evidence that SBRT and surgery have similar results in
terms of OS and local control in patients with lung oligometastases from CRC.

Keywords: colorectal cancer; lung metastases; oligometastases; stereotactic body radiotherapy;
metastasectomy; wedge resection

1. Introduction

Colorectal cancer (CRC) is described as the third most common malignancy in devel-
oped countries. Approximately 20–25% of patients have metastases at initial presentation
and 50% will progress to metastatic disease during follow-up, the liver and lungs being the
most common sites [1]. Recently, the distinction between oligoprogression and multipro-
gression has been made, as the former, with a limited number of metastases, is considered
amenable to local salvage treatment [2].
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For lung metastases in particular, although surgery (metastasectomy or wedge resec-
tion) has historically been the treatment of choice [3–5], other strategies such as stereotactic
body radiotherapy (SBRT) or radiofrequency ablation (RFA) are now also used in this
setting [6–8], and due to the absence of prospective trials, most knowledge is obtained from
retrospective studies.

SBRT is a well-tolerated and less invasive alternative to surgery for patients who
decline or are considered unsuitable for lumpectomy [9]. The excellent results in terms
of local control and toxicity in patients with primary non-small-cell lung cancer (NSCLC)
have now been extrapolated to patients with oligometastatic disease from other primary
malignancies [10,11]. Although the toxicity profile is low, the indication of SBRT in ultra-
central lesions (hilar or less than 2 cm from airways) is limited due to the risk of high-grade
toxicity. Regarding the toxicity risk, published series report local control rates between
65 and 80% at 2 years in patients with lung metastases from CRC treated with SBRT [12,13].
Studies suggest that a high biologically effective dose (BED) of >120 Gy and small treatment
volume are the features most associated with better local control [14,15].

The aim of this retrospective, single-center study was to compare local thoracic control
rates in patients treated with SBRT vs. surgery; we hypothesized that these would be similar.

2. Materials and Methods
2.1. Patients

We identified a retrospective cohort of patients from the multidisciplinary lung tumor
board database with primary CRC who underwent SBRT or metastasectomy for the treat-
ment of lung metastases at any point during the course of their disease. We termed this
lung progression (LP).

Progression was defined as oligoprogression or multiprogression depending on the
number of metastases (5 or fewer vs. more than 5, respectively [2]) and the possibility of
receiving salvage treatment.

The initial cohort was then narrowed down to those whose first progression was
limited to the lungs and who received local thoracic treatment. This was termed first lung
progression (FLP) (Figure 1).
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Informed consent was obtained prior to treatment (either surgery or radiotherapy).
This study was approved by our Institutional Review Board.
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2.2. Treatment

All patients were discussed in a multidisciplinary meeting that involved thoracic surgeons,
medical oncologists, radiation oncologists, radiologists and nuclear medicine physicians.

As previously explained, surgery was the first-choice treatment option. SBRT was
proposed when patients were unsuitable for surgery, had previous thoracic interventions
or due to patient choice.

The SBRT was delivered in an outpatient setting, using fractionation schemes accord-
ing to the discretion of the radiation oncologist, and a dose–risk schedule based on lesion
size and distance from critical structures.

For treatment simulation and on the day of treatment, patients were immobilized
using a thermoplastic mask. During the scan, we used an acoustic signal to notify patients
when to breath in and out in order to ensure that the respiratory pattern was stable,
in accordance with the Varian Real-Time Position Management System (Varian Medical
Systems, Palo Alto, CA, USA). A 3-mm-thickness planning computed tomography (CT) of
the chest without contrast was obtained using 4-dimensional (4D) CT imaging to complete
a respiratory cycle with each slide.

The gross tumor volume (GTV) was delineated in each 4D-CT phase and identified
in the lung parenchyma window; the clinical target volume (CTV) was coincident to the
GTV. The internal target volume (ITV) was formed by the envelope of the CTV from each
respiratory phase. The planning target volume (PTV) was defined as the ITV with an
isotropic margin of 5 mm. Positron-emission tomography (PET)–CT fusion imaging was
performed when required to help locate metastases.

SBRT was delivered shaped with multileaf collimators and using multiple fixed copla-
nar beams or conformal arcs. The prescription was designed to cover the 85% isodose
line (permitted between 60 and 90%). When the dose was >105%, it was required to be
within the PTV, and when the dose was outside the PTV, a volume < 15% of the PTV was
permitted. The target conformity index was <1.2 (a range of 1.2–1.4 was permitted).

RTOG-0236 recommendations were used as a basis for constraints for organs at risk
(OAR). Cone-beam CT (CBCT) was performed before each fraction to verify and correct
setup errors.

Surgical treatment was based on the clinical judgement of the surgical team and details
were not recorded in the present study.

2.3. Follow-Up

Follow-up was performed every three months during the first year and once every six
months thereafter. Physical examination and blood tests in order to asses carcinoembryonic
antigen (CEA) levels were performed during these reviews. Thoracic CT or FDG-PET-CT
were also performed as follow-up investigations if considered necessary.

2.4. Study Endpoints
2.4.1. Primary Endpoint

The primary endpoint was the time to lung progression from first pulmonary treat-
ment (L-PFS).

Due to the fact that some surgeries were lobectomies (rather than wedge resections
or metastasectomies), the possibility of local recurrence in the same lobe did not exist in
these patients. In addition, occasionally, progression after surgery or SBRT was seen in the
same lobe but not in the previously treated target area. Taking these points into account,
we defined lung progression as the occurrence of new metastases in both lungs.

2.4.2. Secondary Endpoints

Overall survival was analyzed for both cohorts (OS-LP for LP cohort and OS-FLP for
FLP cohort). The correlation of clinical factors and dosimetry data with survival rates was
also analyzed.
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The biologically effective dose (BED10) was calculated using the linear–quadratic
equation and an α/β of 10.

2.5. Toxicity

Patients’ medical records were reviewed to obtain information on toxicity. Common
Terminology Criteria for Adverse Events (CTCAE) version 4.0 was used for grading and
only grade 3 or above were included [16].

2.6. Statistics

A retrospective analysis was performed in May 2021.
Lung-progression-free survival (L-PFS) was defined as the interval between the end of

the first local lung treatment and the date of diagnosis of a second thoracic tumor metastasis.
For patients who did not undergo a local thoracic treatment for their first progression,

overall survival (OS-LP) was defined as the time from first progression to death or last
follow-up.

For the FLP cohort, overall survival (OS-FLP) was defined as the period between
the date of lung surgery or SBRT and the date of last follow-up or death from any cause
(whichever occurred first).

The following parameters were evaluated to determine their influence on survival:
treatment modality (SBRT vs. surgery), age (> or ≤ 70 years old), BED (> or ≤ 120 Gy) and
initial CRC stage.

Chi-squared or Fisher’s exact tests were used to compare categorical variables between
the two treatment groups. The Mann–Whitney U test was used to compare continuous
variables. Univariate Cox proportional hazards analyses were performed to evaluate the
effect of variables on PFS and OS.

The Kaplan–Meier test was used to estimate the OS and the PFS rates, and differences
in survival outcomes were assessed with the log-rank test. Further analysis was limited
due to the relatively small sample size and limited number of events.

p values < 0.05 were considered significant.
All statistical analyses were performed using SPSS version 26 (IBM Corp., Armonk,

NY, USA).

3. Results
3.1. Patient and Treatment Characteristics
3.1.1. LP Cohort

An initial cohort of 100 patients with lung metastases from CRC treated with either
SBRT or metastasectomy between 1 January 2004 and 4 March 2020 was identified.

The first progression was defined as multiple in nine patients and oligo in 91 patients.
Of these 91 patients, 75 had lung oligoprogression; the remaining 16 had progression
elsewhere (bone, liver, peritoneum, lymph nodes).

3.1.2. FLP Cohort

This cohort comprised the 75 patients whose first progression was lung oligoprogres-
sion and who were treated with local salvage therapy between 1 January 2004 and 29
December 2017. Of these 75 patients, 66 presented metachronous lung progression whilst
nine patients were classified as synchronous.

Fifty patients underwent metastasectomy as the primary treatment of lung metastasis
and 25 patients received SBRT. Of the 75 patients in this cohort, 19 received both local and
systemic treatment—15 in the surgery group and 4 in the SBRT group.

Although the two groups were unbalanced in terms of case numbers, their baseline
characteristics were generally similar. There was a slight trend towards more elderly
patients in the SBRT group (median 75 years in both groups; 44% vs. 56% were > 70 years
old in the surgery and SBRT groups, respectively).
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As previously mentioned, surgery was considered the treatment of choice. SBRT was
performed in the following situations: due to comorbidity (n = 2), patient’s wish (n = 4),
previous surgery (n = 1), unresectable (n = 2), not specified (n = 16).

The median BED10 for all FLP patients was 122.25 Gy. The most-used SBRT schedules
were the following: 50 Gy in 4 fractions (112.5 BED10, 8%), 54 Gy in 3 fractions (151.2 BED10,
5.3%), 60 Gy in 8 fractions (105 BED10, 5.3%), 60 Gy in 5 fractions (132 BED10, 2.7%), 50 Gy
in 10 fractions (75 BED10, 4%), and a monofraction of 34 Gy (149.6 BED10, 8%).

Patient and treatment characteristics are displayed in Tables 1 and 2.

Table 1. Patient and treatment characteristics in LP cohort.

N = 100

Sex
Male 69

Female 31
Age at CRC diagnosis (years) 68 (27–85)

>70 40
Initial stage

I 4
II 27
III 38
IV 30
NS 1

Tumor mutations
KRAS
Mut 19
NS 31
WT 15

NRAS
Mut 3
NS 85
WT 12

BRAF
NS 83
WT 17
MSI
No 9
Yes 4
NS 87

Primary tumor surgery
No 1
Yes 99

Primary tumor location
Right colon 16
Left colon 35

High rectum 21
Middle rectum 15

Low rectum 13
Neoadjuvant therapy

Yes 37
No 63

Chemotherapy
Fluorouracil 13
Capecitabine 3

FOLFOX 6
FOLFOX-Fluorouracil 3
FOLFOX-Anti-EGFR 1

XELOX 1
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Table 1. Cont.

N = 100

NS 10
Radiotherapy

25 Gy 4
50 Gy + boost 14

Other 13
Adjuvant therapy

No 28
Yes 72

Chemotherapy
Fluorouracil 3
Capecitabine 10

FOLFOX4 10
FOLFOX6 35

XELOX 10
Other 4

CRC, colorectal cancer; Mut, mutated; WT, wild type; NS, not specified.

Table 2. Patient and treatment characteristics in SBRT and surgery groups (FLP cohort).

Surgery (n = 50) SBRT (n = 25) p

Sex 0.304
Female 16 (32%) 10 (40%) -
Male 34 (68%) 15 (60%) -

Initial stage 0.085
I and II 20 (40.8%) 2 (8%) -

III 17 (34%) 13 (52%) -
IV 13 (26%) 9 (36%) -
NS 0 1 (1%) -

Chronicity 0.313
Metachronous 46 (92%) 20 (80%) -
Synchronous 4 (8%) 5 (20%) -
M1 location 0.00

RLL 11 (22%) 3 (12%) -
LLL 11 (22%) 5 (20%) -

Lingula 2 (4%) 0 -
RML 5 (10%) 2 (8%) -
RUL 12 (24%) 9 (36%) -
LUL 9 (18%) 6 (24%) -

Age at M1 diagnosis (years) 75 (29–84) 75 (39–85) 0.184
>70 22 (44%) 14 (56%) 0.606

M1 size (mm) 14.60 (1.1–65) 13.00 (6–40) 0.185
Time to first thoracic progression (months) 27.75 (0–99.38) 27.11 (0–100.34) 0.042

SBRT, stereotactic body radiotherapy; RLL, right lower lobe; LLL, left lower lobe; RML, right middle lobe; RUL,
right upper lobe; LUL, left upper lobe.

3.2. Treatment Outcomes and Follow-Up
3.2.1. Lung Progression Cohort

Median OS was 86 months (range 51.93–78.69 months).
In the initial cohort of 100 patients with lung progression, overall survival (OS-LP)

was significantly different between patients with multiprogression and those with oligopro-
gression (median survival of 24.48 and 71.23 months, respectively; log-rank test, p < 0.001,
95% CI 50.35–92.11 months) (Figure 2).
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Figure 2. Overall survival depending on the type of first progression (multiple versus oligo) in the
initial cohort of 100 patients (OS-LP). p < 0.001.

Statistically significant differences in survival were also present between both treat-
ment groups (surgery and SBRT) and the rest of the patients from the LP cohort (those
whose first progression was neither oligoprogression nor pulmonary progression) (median
survival of 87.82 months in the surgery group, 56.68 in the SBRT group and 28.29 months
for the rest of the patients from the LP cohort; p = 0.001).

3.2.2. FLP Cohort

Patients were followed up for a median of 36.01 months (range: 0.23–117.52) after the
first thoracic intervention.

Univariate analysis showed that age, sex, tumor size and treatment modality did not
have a significant influence on PFS.

There were no statistically significant differences between the treatment groups in
terms of L-PFS. Median L-PFS was not reached and the 1- and 2-year L-PFS rates were 85%
and 70% in the metastasectomy group and 87% and 71% in the SBRT group, respectively
(Figure 3).
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No significant differences were found in L-PFS on the basis of age, initial CRC stage or
treatment modality (Figures A1–A3).

Twenty-six patients had progression following the first local approach: 20 from surgery
(1 multiple, 19 oligoprogression) and 6 from SBRT (all oligoprogression) (p = 0.344).

To assess the impact of the total administered dose, a cutoff of BED10 > or ≤ 120 Gy
was established. There were no differences in terms of local control or OS (Figure A4).

Initial diagnosis stages I and II were grouped because of the small number of events
identified in each group. A trend towards better OS was observed in this group of patients,
although it was not statistically significant.

There were no statistically significant differences in terms of survival, with 1- and
2-year OS-FLP rates of 96% and 90% with surgery vs. 90% and 89% with SBRT, respectively
(p = 0.63) (Figure A5).

At the time of the last follow-up, 34% vs. 20% of patients were reported as deceased in
the surgery and SBRT groups, respectively. Cause of death was cancer progression in 100%
of deaths in the surgery group and 33% of deaths in the SBRT group.

3.3. Toxicity

No patients had grade 3 or above toxicity.

4. Discussion

This retrospective analysis is, to our knowledge, one of the first comparative studies
carried out to compare salvage treatments for lung metastases from primary CRC. The
finding of no statistically significant differences between SBRT and surgery in terms of
L-PFS is evidence that these two treatment options are equally effective. Moreover, the fact
that no patient developed grade 3 or above toxicity supports the use of SBRT as a feasible
treatment option.

Clinical indications for local therapies in the metastatic population, as well as the
most appropriate treatment approach, remain the subject of debate. Recent studies have
highlighted the lack of randomized prospective evidence on the role of surgery in this
setting [4,17]. Furthermore, the SBRT cohorts are usually smaller, and patients have a
poorer performance status and tend to be older than the surgical cohorts. This can lead to
additional difficulties when designing a prospective study and secondary systemic bias
when comparing both salvage treatment modalities.

We selected a homogenous population, choosing patients whose first progression was
described as pulmonary oligoprogression and who were treated with SBRT or surgery
(25 vs. 50 patients, respectively). Although these two groups were unbalanced in terms of
case numbers, a stratified analysis was performed according to baseline clinical characteris-
tics (Table 2).

Regarding the radiation dose, SBRT fractionation was extrapolated from treatments
used in primary lung malignancies given the excellent results seen in these patients in
terms of toxicity and local control (range 75–90% depending on the series) [7,12,18]. Studies
suggest that not only the total dose but also the BED is relevant in these patients. A
minimum threshold of BED10 = 100 Gy has been well established [19], and BED10 > 120 Gy
is described in the literature with better local control rates [14]. Our analysis did not find
differences between these two groups, probably due to the small size of the cohort and the
follow-up time.

Since the term “abscopal effect” was first described in 1953 in reference to the effect of
radiation at a distance from the irradiation field, countless studies have been developed
and many hypotheses proposed [20]. Recent evidence shows that ionizing radiation may
enhance immune responses to tumor cells, especially when hypofractionation or other
modifications of standard fractionations are used [21]. Moreover, it has been described that
T cells mediate distant tumor inhibition caused by radiotherapy [22]. These findings are of
great relevance in the context of metastases, and the study of the molecular mechanisms of
the ionizing radiation-induced immune response is becoming a topic of great importance.
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In the present study, we observed that 100% of the deaths in the surgery cohort were from
cancer progression, compared with 33% in the SBRT group; this might suggest that the
population treated with SBRT is more fragile but also supports the abscopal theory.

The results of our study regarding survival and local control were similar to those
described in the literature when comparing SBRT with metastasectomy, with 1- and 2-year
L-PFS rates of 87% and 71% vs. 85% and 70%, in the two groups, respectively. Filippi et al.
observed a higher rate of recurrence among the SBRT cohort, acknowledging the difficulties
in distinguishing such differences from the effects of sample sizes and follow-up protocols.
Consequently, their Kaplan–Meier and Cox models described a worse prognosis in terms
of PFS, with 1-year PFS rates of 55% with SBRT and 80% with surgery (p < 0.001) [23].
Published reports on local control with SBRT for lung metastases from CRC are summarized
in Table 3.

In the present study, the overall survival at 2 years—90% in the surgery group vs. 89%
in the SBRT group—was superior to a previous series [23], probably due to the fact that
the selection criteria were narrowed down. Nelson et al. retrospectively reviewed patients
treated with SBRT or wedge resection and described a higher risk of local recurrence
after radiotherapy rather than surgery (2-year risk of local recurrence 29.4% vs. 14.1%,
respectively). It was suggested that dose escalation may be required for colorectal histology
in particular, as evidence of radioresistance has emerged [24].

However, a systematic review of SBRT vs. surgery for patients with pulmonary
oligometastases concluded that there were no substantial differences between the two
techniques in terms of short-term survival outcomes, but surgery seems to provide better
long-term survival [25].

Table 3. Published reports of SBRT in patients with lung metastases from CRC.

Study (Year) Number of
Lesions Median BED10 LC rates

Median
Follow-Up
(Months)

Ref

Qiu et al. (2015) 65 ns
Total dose: 40–60 Gy in 5–11 fr 1-year 56.6% 6.4 [7]

Carvajal et al. (2015) 13 149.6 Gy 1- and 2-year
92.3% 9.16 [14]

Jung et al. (2015) 79 ns
Total dose: 40–60 Gy in 3–4 fr 1-year 88.7%

3-year 70.6%
42.8 [26]

≤48 Gy
60 Gy

3-year 64.6%
3-year 84%

Wegner et al. (2018) 22 Range 60–105.6 Gy 1-year 75%
2-year 65% 28.5 [12]

<100 Gy
≥100 Gy

1-year 50%
1-year 87%

Li et al. (2019) 105 100 Gy 14 [15]

<100 Gy
≥100 Gy

1-year 96%
1-year 80%

Nicosia et al. (2020) 107 105 Gy 1-year 91.5%
2-year 80% 28 [13]

Present study 25 122.25 Gy 1-year 87%
2-year 71% 36.01

LC, local control; BED10, biologically effective dose; ns, not specified; Gy, gray.

The effect of advances in systemic therapies was not evaluated; further analysis is on-
going as this may have a significant impact. Taking into account the constant investigation
of systemic targeted therapies and the possibility of having different molecular profiles



Cancers 2023, 15, 1195 10 of 13

during the evolution of the oncological disease, obtaining new histology samples might be
beneficial. In this setting, surgery could offer an advantage over SBRT.

A major limitation of this analysis is the small sample size, which might have reduced
the capacity to detect meaningful differences between groups. Moreover, we did not
specify whether the pulmonary progression occurred in the field of the SBRT treatment
or the metastasectomy bed. In this setting, cancer-specific survival (CSS) might be a more
representative endpoint. Surgical complications were not registered, and this missing
information might also be a limitation when comparing the outcomes of both techniques.
However, our study populations were homogeneous, and the criteria for surgery or SBRT
were the same.

5. Conclusions

This retrospective series suggests that SBRT had comparable outcomes to surgery in
terms of L-PFS and OS and represents an alternative option to surgery for the treatment of
colorectal lung metastases. Thus, in selected patients, not suitable for surgery and in which
no pathological confirmation is needed, it may represent a valuable therapeutic option.
However, our findings warrant the need for a prospective trial comparing the surgical
approach and SBRT in this specific population.

Author Contributions: Conceptualization, A.N.-M.; formal analysis V.N.-P. and N.G.-E.; data cura-
tion, V.N.-P. and N.G.-E.; writing – original draft preparation, N.G.-E.; writing – review and editing,
N.G.-E., R.R., K.M., M.D.A., S.P., J.C.R., C.S., F.G. and A.N.-M. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Hospital Universitario de Bellvitge,
code PR344/22, for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data can be shared upon request.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Cancers 2023, 15, 1195 11 of 14 
 

 

Author Contributions: Conceptualization, A.N.-M.; formal analysis V.N.-P. and N.G.-E.; data cu-
ration, V.N.-P. and N.G.-E.; writing – original draft preparation, N.G.-E.; writing – review and ed-
iting, N.G.-E., R.R., K.M., M.D.A., S.P., J.C.R., C.S., F.G. and A.N.-M. All authors have read and 
agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review Board of Hospital Universitario de Bell-
vitge, code PR344/22, for studies involving humans.  

Data Availability Statement: The data can be shared upon request. 

Conflicts of Interest: The authors declare no conflicts of interest. 

Appendix A 

 
Figure A1. Impact of age on L-PFS. p = 0.73. 

  
(a) (b) 

Figure A2. (a) L-PFS curves according to age at diagnosis of M1 (>70 or ≤70 years); (b) L-PFS curves 
according to treatment received. p = 0.860. 

Figure A1. Impact of age on L-PFS. p = 0.73.



Cancers 2023, 15, 1195 11 of 13

Cancers 2023, 15, 1195 11 of 14 
 

 

Author Contributions: Conceptualization, A.N.-M.; formal analysis V.N.-P. and N.G.-E.; data cu-
ration, V.N.-P. and N.G.-E.; writing – original draft preparation, N.G.-E.; writing – review and ed-
iting, N.G.-E., R.R., K.M., M.D.A., S.P., J.C.R., C.S., F.G. and A.N.-M. All authors have read and 
agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review Board of Hospital Universitario de Bell-
vitge, code PR344/22, for studies involving humans.  

Data Availability Statement: The data can be shared upon request. 

Conflicts of Interest: The authors declare no conflicts of interest. 

Appendix A 

 
Figure A1. Impact of age on L-PFS. p = 0.73. 

  
(a) (b) 

Figure A2. (a) L-PFS curves according to age at diagnosis of M1 (>70 or ≤70 years); (b) L-PFS curves 
according to treatment received. p = 0.860. 

Figure A2. (a) L-PFS curves according to age at diagnosis of M1 (>70 or ≤70 years); (b) L-PFS curves
according to treatment received. p = 0.860.

Cancers 2023, 15, 1195 12 of 14 
 

 

  
(a) (b) 

Figure A3. (a) Impact of initial stage and treatment on local control (p = 0. 62); (b) impact of initial 
stage and treatment on overall survival (p = 0.201). 

  
(a) (b) 

Figure A4. (a) Impact of BED on OS; (b) impact of BED on L-PFS. 

 
Figure A5. Kaplan–Meier curve of overall survival according to treatment received. p = 0.628. 

  

Figure A3. (a) Impact of initial stage and treatment on local control (p = 0. 62); (b) impact of initial
stage and treatment on overall survival (p = 0.201).

Cancers 2023, 15, 1195 12 of 14 
 

 

  
(a) (b) 

Figure A3. (a) Impact of initial stage and treatment on local control (p = 0. 62); (b) impact of initial 
stage and treatment on overall survival (p = 0.201). 

  
(a) (b) 

Figure A4. (a) Impact of BED on OS; (b) impact of BED on L-PFS. 

 
Figure A5. Kaplan–Meier curve of overall survival according to treatment received. p = 0.628. 

  

Figure A4. (a) Impact of BED on OS; (b) impact of BED on L-PFS.



Cancers 2023, 15, 1195 12 of 13

Cancers 2023, 15, 1195 12 of 14 
 

 

  
(a) (b) 

Figure A3. (a) Impact of initial stage and treatment on local control (p = 0. 62); (b) impact of initial 
stage and treatment on overall survival (p = 0.201). 

  
(a) (b) 

Figure A4. (a) Impact of BED on OS; (b) impact of BED on L-PFS. 

 
Figure A5. Kaplan–Meier curve of overall survival according to treatment received. p = 0.628. 

  

Figure A5. Kaplan–Meier curve of overall survival according to treatment received. p = 0.628.

References
1. Siegel, R.L.; Miller, K.D.; Fuchs, H.; Jemal, A. Cancer Statistics, 2021. CA Cancer J. Clin. 2021, 71, 7–33. [CrossRef] [PubMed]
2. Yuzuru, N.; Kazushige, H. Oligometastases and Oligo-recurrence: The New Era of Cancer Therapy. Jpn J. Clin. Oncol. 2010, 40,

107–111. [CrossRef]
3. Ginsberg, R.J.; Rubinstein, L.V. Randomized trial of lobectomy versus limited resection for T1 N0 non-small cell lung cancer.

Lung Cancer Study Group. Ann. Thorac Surg. 1995, 60, 615–623. [CrossRef] [PubMed]
4. Treasure, T. Pulmonary metastasectomy: A common practice based on weak evidence. Ann. R Coll. Surg. Engl. 2007, 89, 744–748.

[CrossRef] [PubMed]
5. Hornbech, K.; Ravn, J.; Steinbrüchel, D.A. Current status of pulmonary metastasectomy. Eur. J. Cardiothorac. Surg. 2011, 39,

955–962. [CrossRef]
6. Schefter, T.E.; Kavanagh, B.D.; Raben, D.; Kane, M.; Chen, C.; Stuhr, K.; Kelly, K.; Mitchell, J.; Bunn, P.; Gaspar, L. A phase I/II

trial of stereotactic body radiation therapy (SBRT) for lung metastases: Initial report of dose escalation and early toxicity. Int. J.
Radiat. Oncol. Biol. Phys. 2006, 66, S120–S127. [CrossRef]

7. Qiu, H.; Katz, A.W.; Chowdhry, A.K.; Usuki, K.Y.; Singh, D.P.; Metcalfe, S.; Cheruvu, P.; Chen, Y.; Okunieff, P.; Milano, M.; et al.
Stereotactic Body Radiotherapy for Lung Metastases from Colorectal Cancer: Prognostic Factors for Disease Control and Survival.
Am. J. Clin. Oncol. 2018, 41, 53–58. [CrossRef]

8. Schlijper, R.C.; Grutters, J.P.; Houben, R.; Dingemans, A.M.; Wildberger, J.E.; Van Raemdonck, D.; Van Cutsem, E.; Haustermans,
K.; Lammering, G.; Lambin, P.; et al. What to choose as radical local treatment for lung metastases from colo-rectal cancer: Surgery
or radiofrequency ablation? Cancer Treat. Rev. 2014, 40, 60–67. [CrossRef]

9. Leaman-Alcibar, O.; Cigarral, C.; Déniz, C.; Romero-Palomar, I.; Navarro-Martin, A. Quality of Life After Stereotactic Body
Radiation therapy Versus Video-Assisted Thoracic Surgery in Early stage Non-small Cell Lung Cancer. Is there Enough Data to
Make a Recommendation? J. Clin. Transl. Res. 2021, 7, 209–220.

10. Timmerman, R.; Paulus, R.; Galvin, J.; Michalski, J.; Straube, W.; Bradley, J.; Fakiris, A.; Bezjak, A.; Videtic, G.; Johnstone, D.; et al.
Stereotactic body radiation therapy for inoperable early stage lung cancer. JAMA 2010, 303, 1070–1076. [CrossRef]

11. Widder, J.; Klinkenberg, T.J.; Ubbels, J.F.; Wiegman, E.M.; Groen, H.J.; Langendijk, J.A. Pulmonary oligometastases: Metastasec-
tomy or stereotactic ablative radiotherapy? Radiother. Oncol. 2013, 107, 409–413. [CrossRef] [PubMed]

12. Wegner, R.E.; Ahmed, N.; Hasan, S.; McCormick, J.; Kirichenko, A.V.; Colonias, A. Stereotactic body radiotherapy for lung
metastases from colorectal cancer: A single institution experience. Color. Cancer 2018, 7, CRC05. [CrossRef]

13. Nicosia, L.; Cuccia, F.; Mazzola, R.; Ricchetti, F.; Figlia, V.; Giaj-Levra, N.; Rigo, M.; Tomasini, D.; Pasinetti, N.; Corradini, S.; et al.
Disease course of lung oligometastatic colorectal cancer treated with stereotactic body radiotherapy. Strahlenther. Onkol. 2020, 196,
813–820. [CrossRef] [PubMed]

14. Carvajal, C.; Navarro-Martin, A.; Cacicedo, J.; Ramos, R.; Guedea, F. Stereotactic body radiotherapy for colorectal lung oligometas-
tases: Preliminary single-institution results. J. Buon. 2015, 20, 158–165. [PubMed]

15. Li, S.; Dong, D.; Geng, J.; Zhu, X.; Shi, C.; Zhang, Y.; Wang, H.; Zhou, S.; Wu, H.; Cai, Y.; et al. Prognostic Factors and Optimal
Response Interval for Stereotactic Body Radiotherapy in Patients With Lung Oligometastases or Oligoprogression from Colorectal
Cancer. Front. Oncol. 2019, 9, 1080. [CrossRef]

16. >Evs.nci.nih.gov. Common Terminology Criteria for Adverse Events (CTCAE) Version 4.0. 2010. Available online: https:
//evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf (accessed on 27 May 2021).

17. Fiorentino, F.; Treasure, T. Pulmonary metastasectomy: A call for better data collection, presentation and analysis. Future Oncol.
2015, 11 (Suppl. 2), 19–23. [CrossRef] [PubMed]

http://doi.org/10.3322/caac.21654
http://www.ncbi.nlm.nih.gov/pubmed/33433946
http://doi.org/10.1093/jjco/hyp167
http://doi.org/10.1016/0003-4975(95)00537-U
http://www.ncbi.nlm.nih.gov/pubmed/7677489
http://doi.org/10.1308/003588407X232198
http://www.ncbi.nlm.nih.gov/pubmed/17999813
http://doi.org/10.1016/j.ejcts.2010.10.001
http://doi.org/10.1016/j.ijrobp.2006.08.018
http://doi.org/10.1097/COC.0000000000000220
http://doi.org/10.1016/j.ctrv.2013.05.004
http://doi.org/10.1001/jama.2010.261
http://doi.org/10.1016/j.radonc.2013.05.024
http://www.ncbi.nlm.nih.gov/pubmed/23773410
http://doi.org/10.2217/crc-2018-0005
http://doi.org/10.1007/s00066-020-01627-7
http://www.ncbi.nlm.nih.gov/pubmed/32399637
http://www.ncbi.nlm.nih.gov/pubmed/25778311
http://doi.org/10.3389/fonc.2019.01080
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf
http://doi.org/10.2217/fon.14.263
http://www.ncbi.nlm.nih.gov/pubmed/25662323


Cancers 2023, 15, 1195 13 of 13

18. Agolli, L.; Bracci, S.; Nicosia, L.; Valeriani, M.; De Sanctis, V.; Osti, M.F. Lung Metastases Treated With Stereotactic Ablative
Radiation Therapy in Oligometastatic Colorectal Cancer Patients: Outcomes and Prognostic Factors After Long-Term Follow-Up.
Clin. Color. Cancer 2017, 16, 58–64. [CrossRef]

19. Onishi, H.; Matsumoto, Y.; Miyakawa, A.; Yamashita, H.; Nomiya, T.; Nijbe, Y.; Nakata, K.; Kuriyama, K.; Tomiyama, T.; Marino,
K.; et al. Japanese multi-institutional study of stereotactic body radiation therapy for totally 380 patients with lung metastases.
Int. J. Radiat. Oncol. Biol. Phys. 2014, 90, S46–S47. [CrossRef]

20. Mole, R.H. Whole body irradiation—Radiobiology or medicine? Brit. J. Radiol. 1953, 26, 234–241. [CrossRef]
21. Marciscano, A.E.; Walker, J.M.; McGee, H.M.; Kim, M.M.; Kunos, C.A.; Monjazeb, A.M.; Shiao, S.L.; Tran, P.T.; Ahmed, M.M.

Incorporating Radiation Oncology into Immunotherapy: Proceedings from the ASTRO-SITC-NCI immunotherapy workshop. J.
Immunother. Cancer 2018, 6, 6. [CrossRef]

22. Demaria, S.; Ng, B.; Devitt, M.L.; Babb, J.S.; Kawashima, N.; Liebes, L.; Formenti, S.C. Ionizing radiation inhibition of distant
untreated tumors (abscopal effect) is immune mediated. Int. J. Radiat. Oncol. Biol. Phys. 2004, 58, 862–870. [CrossRef] [PubMed]

23. Filippi, A.R.; Guerrera, F.; Badellino, S.; Ceccarelli, M.; Castiglione, A.; Guarneri, A.; Spadi, R.; Racca, P.; Ciccone, G.; Ricardi, U.;
et al. Exploratory Analysis on Overall Survival after Either Surgery or Stereotactic Radiotherapy for Lung Oligometastases from
Colorectal Cancer. Clin. Oncol. 2016, 28, 505–512. [CrossRef] [PubMed]

24. Nelson, D.B.; Tayob, N.; Nguyen, Q.N.; Erasmus, J.; Mitchell, K.G.; Hofstetter, W.L.; Sepesi, B.; Antonoff, M.B.; Mehran, R.J. Local
failure after stereotactic body radiation therapy or wedge resection for colorectal pulmonary metastases. J. Thorac. Cardiovasc.
Surg. 2019, 158, 1234–1241.e16. [CrossRef] [PubMed]

25. Londero, F.; Grossi, W.; Morelli, A.; Parise, O.; Masullo, G.; Tetta, C.; Livi, U.; Maessen, J.G.; Gelsomino, S. Surgery versus
stereotactic radiotherapy for treatment of pulmonary metastases. A systematic review of literature. Future Sci. OA 2020, 6, FSO471.
[CrossRef]

26. Jung, J.; Song, S.Y.; Kim, J.H.; Yu, C.S.; Kim, J.C.; Kim, T.W.; Jeong, S.Y.; Kim, S.S.; Choi, E.K. Clinical efficacy of stereotactic
ablative radiotherapy for lung metastases arising from colorectal cancer. Radiat. Oncol. 2015, 10, 238. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.clcc.2016.07.004
http://doi.org/10.1016/j.ijrobp.2014.08.235
http://doi.org/10.1259/0007-1285-26-305-234
http://doi.org/10.1186/s40425-018-0317-y
http://doi.org/10.1016/j.ijrobp.2003.09.012
http://www.ncbi.nlm.nih.gov/pubmed/14967443
http://doi.org/10.1016/j.clon.2016.02.001
http://www.ncbi.nlm.nih.gov/pubmed/26899780
http://doi.org/10.1016/j.jtcvs.2019.02.133
http://www.ncbi.nlm.nih.gov/pubmed/31395367
http://doi.org/10.2144/fsoa-2019-0120
http://doi.org/10.1186/s13014-015-0546-x

	Introduction 
	Materials and Methods 
	Patients 
	Treatment 
	Follow-Up 
	Study Endpoints 
	Primary Endpoint 
	Secondary Endpoints 

	Toxicity 
	Statistics 

	Results 
	Patient and Treatment Characteristics 
	LP Cohort 
	FLP Cohort 

	Treatment Outcomes and Follow-Up 
	Lung Progression Cohort 
	FLP Cohort 

	Toxicity 

	Discussion 
	Conclusions 
	Appendix A
	References

