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Abstract: Stereotactic radiotherapy (SBRT) and radiofrequency ablation (RFA) are common ablative
techniques for lung metastases. Retrospective review of all patients treated with either modality at a
single institution between 2011 and 2019 was conducted. Baseline characteristics and outcomes were
compared. Local and distant progression, and overall survival were estimated using the Kaplan
Meier method. Univariable analysis was carried out using Cox regression followed by multivariable
modeling. 106 patients treated with RFA and 70 treated with SBRT were identified. Tumours treated
with SBRT were larger (median size 18 vs 11mm) and primarily oligometastatic (91.4% vs 20%).
Median progression-free survival (PFS) was 12.5 months for SBRT and 7.9 months for RFA (p=0.009).
Median OS was similar (p=0.66). In multivariable analysis, lesion size >20mm was predictive of
adverse local PFS (p=0.001), PFS (p=0.0034) and OS (p=0.001). Statistically significant interaction effect
suggested RFA offered better local PFS compared to SBRT within colorectal primary patients
(p=0.035). This study highlights differences in patient baseline characteristics, selection and outcomes
for RFA or SBRT in the treatment of lung metastases at our institution. Future studies for SBRT should
focus on the radiosensitivites of individual tumour types and the optimum dose schedules required
for differing histologies. For less radiosensitive tumours, RFA may offer a superior alternative.

Keywords: stereotactic radiotherapy; radiofrequency ablation; lung metastasis; outcome

1. Introduction

Distant metastatic disease has historically been treated as incurable disease, however the concept
of the oligometastatic state with the potential for long-term disease control is now widely accepted.
Surgical and non-surgical techniques are used with curative intent for treatment of oligometastases
throughout the body, with a growing body of evidence for its survival benefit. Focusing specifically
on lung metastases, The International Registry of Lung Metastases [1] (IRLM) demonstrated in 1999
the significant survival benefit gained from resection. PulMiCC was a two-arm randomized
controlled trial in colorectal cancer patients looking at whether adding metastasectomy to active
monitoring improved survival [2]. This study was underpowered due to poor recruitment, failing to
show survival benefit, with 95% confidence interval of hazard ratio for overall survival crossing 1.
Metastasectomy continues to be performed in routine clinical practice. For patients who are not
suitable candidates for surgery, ablative techniques are widely used. However, it is not known which,
if any, of these techniques are superior to another, or whether we should be selecting certain patient
groups for a particular treatment modality, thereby individualising patient care.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The rationale for the use of non-surgical ablative techniques is that the existing data
demonstrates similar efficacy and long-term survival to the surgically treated patients in the IRLM
[3/4]. Furthermore, these techniques carry minimal morbidity with acceptable toxicity profiles.
Radiofrequency ablation (RFA), stereotactic ablative body radiotherapy (SBRT), microwave ablation
(MWA) and cryoablation are widely used, with the largest body of evidence supporting the first two
techniques [5-22]. Existing literature largely comprise of outcomes following treatment with single
modality such as SBRT or RFA. Comparison of ablative techniques in the literature are limited to
tumour-site specific case series [23].

With the current lack of randomised evidence to direct treatment selection, we aim to identify
disease or patient-related factors which affect the choice of treatment. In addition, we hope to identify
factors which may support one modality treatment over the other. In this retrospective study, we
present the baseline characteristics of patients treated with RFA or SBRT for lung metastases at our
institution. We report long-term outcomes with each treatment modality and review any potential
correlation between baseline characteristics and any observed differences in outcomes.

2. Materials and Methods
2.1. Patients

We included all patients who underwent RFA or SBRT for treatment of a lung metastasis
between November 2011 and December 2019 at our institution, following institutional Research and
Development committee approval. As the primary objective assessed was local progression-free
survival (PFS), patients required at least one follow-up CT scan at 3 months after treatment to be
included.

The following data was collected retrospectively using electronic patient records (EPR): age,
gender, primary diagnosis, date of treatment, number of lesions treated simultaneously, size of
metastases, acute and late (=3 months post treatment) toxicities (CTCAE v4.0), ECOG performance
status, oligometastatic status at the time of local intervention (up to 3 sites of extracranial metastases),
time to local and distant progression, site of distant progression, date of death and any systemic
treatment preceding or following the current therapy.

“Local treatment” included surgery and non-surgical techniques comprising RFA or SBRT.
Synchronous extrapulmonary disease was recorded as “amenable to local treatment” if the disease
was treated prior to the lung treatment, or if local treatment was planned to take place following the
lung treatment. Any systemic treatment that was given prior to or following the RFA or SBRT episode
was recorded, regardless of time interval from the episode being evaluated. Biologically Effective
Dose (BED) was calculated with the following formula: BED= Total dose x (1 + (Dose per
fraction/alpha-beta ratio)).

2.2. Imaging Review

All imaging was reviewed by two independent consultant radiologists specifically for the
purpose of this evaluation to assess tumour size, site and local control. Local progression was defined
for RFA patients as per Lencioni et al. as any increase in the ablation zone of the baseline CT done 4-
6 weeks post ablation, any new enhancement of the ablation zone or more than 20% increase of the
treated lesions (using modified RECIST criteria) [24]. For SBRT patients the criteria as defined by
Huang et al. were used [25]. PFS was defined as the time from the start of the initial treatment to date
of either local or distant progression, whichever was earlier. Distant progression was defined as
progression of any disease outside of the lesion being treated.

2.3. Statistical Analysis

Descriptive statistics were generated for each of the baseline characteristics, adverse events, and
other outcome data, presented both overall and by treatment cohort. The categorical groups were
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compared using the Chi squared test for independence, using a 95% confidence interval. Numerical
groups were compared using a non-parametric Wilcoxon rank-sum test due to skewed data.

Local progression, distant progression and overall survival were estimated using the Kaplan
Meier method, and the log rank test was used for comparison by treatment cohort, p<0.05 was
considered significant. Patients who did not experience event of interest were censored at their last
follow-up date. Subgroups of interest (primary diagnosis (colorectal vs others) and largest treated
lesion size (20mm vs >20mm) were also examined using these methods. Local progression-free
survival (LPFS) was defined as being progression-free in the treatment field, and PFS as being
progression-free in local and distant sites.

Univariable models were first constructed with treatment cohort as the only covariate.
Subsequent univariate models looked at each of the other prognostic factors separately, adjusting for
treatment cohort. Prognostic factors of interest were: lesion size (<=20mm vs >20mm), previous
systemic anti-cancer therapy (SACT), subsequent SACT, oligometastatic disease, >1 lesion treated
simultaneously, colorectal vs non-colorectal primary. Following this, a multivariable model was
constructed using a backwards elimination stepwise procedure, with a p-value cutoff of 0.05. All of
the variables in univariable analysis were considered for the final multivariable model, with
treatment cohort, lesion size, and colorectal primary being forced into the model irrespective of
statistical significance.

The final model after this model-fitting process is presented with adjusted hazard ratios and the
p-value associated with each term in the model. Statistically significant variables at the 5% level are
highlighted.

Stata 18 software was used to perform all statistical analyses (SPSS, Chicago, IL, USA).

3. Results
3.1. Baseline Demographics

We retrospectively identified 106 patients who received RFA and 70 patients treated with SBRT.
The baseline characteristics and differences are highlighted in Table 1. The SBRT cohort contained
mostly oligometastatic patients (91.4%) whereas 20% treated with RFA were oligometastatic (Table
1). The SBRT cohort had larger tumours treated (median size 18 vs 11mm), more male in the cohort
(63.4 vs 50%). The RFA cohort were younger (median age 65 vs 70.5), more likely to have more than
one lesion treated simultaneously (27.4% vs 12.9%). The RFA cohort also received more systemic
therapy, both before (76 vs 55.7%) and after local ablative treatment (72 vs 51.4%).

Table 1. Baseline characteristics of patients being treated with SBRT or RFA between November 2011 and
December 2019 (IQR: Interquartile range).

SBRT RFA p-value
Total number of patients 70 106 p=0.365

Median follow up (months) 29.7 32.2 p=0.551

Male 44 (63.4%) 53 (50%) _

Female 26 (36.6%) 53 (50%) p=0.093

Median age (years, IQR) 70.5 (60.0,78.0) 65 (52.9,72.6) p=0.018
Oligometastatic disease 64 (91.4%) 20 (20%) p<0.001
ECOG PS <=2 70 (100%) 105 (99%) p=0.431

Median tumour size (IQR) 18.0 (13.0,25.5) 11.0 (8,20) p<0.001


https://doi.org/10.20944/preprints202504.0696.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 April 2025

4 of 12
Number of lesions treated per episode 1(1-2) 1(1-3)
(median, range)
. . 9 (12.9%) o
>1 lesion treated simultaneously 29 (27.4%) -0.022
Prior systemic therapy 39 (55.7%) 76 (76%) p=0.005
Further Systemic therapy 35 (51.4%) 72 (72%) p=0.003

The most commonly treated primaries were patients with colorectal cancer (CRC) and soft tissue
sarcoma (STS) primaries (47.7% and 14.2% respectively), followed by endometrial cancer, melanoma
and renal cell carcinoma (RCC) (8%, 7.4% and 7.4% respectively). The distribution of primary
diagnoses differed between the two treatment modalities (Figure 1). The majority of patients with
melanoma (100%), RCC (77%) and endometrial cancer (71%) were treated with SBRT. On the other
hand, patients with STS (96%) and CRC (75%) were preferentially treated with RFA.

Distribution of treatment modality according to primary diagnosis
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Figure 1. The distribution of primary diagnoses being treated by SBRT and RFA. (RCC Renal cell carcinoma; STS
Soft tissue sarcoma; HCC Hepatocellular carcinoma; CUP Carcinoma of unknown primary; CRC Colorectal

cancer).

3.2. Adverse Events

In the SBRT group, 51.4% experienced grade 1-2 acute toxicity, fatigue being the commonest
(37.1%), followed by cough (12.8%). One patient (2.9%) experienced grade 3 or greater acute toxicity.
Eight patients (11.4%) experienced grade 1-2 late toxicity, with three patients developing grade 1-2
pneumonitis. One patient (2.9%) experienced grade 3 pneumonitis. This patient had been treated with
Cyberknife, 54Gy in 3 fractions, and pneumonitis occurred 4 months following SBRT. No other late
grade >=3 toxicities were recorded in the SBRT group.

In the RFA group, 49% of patients experienced grade 1-2 acute toxicity with grade 1-2
pneumothorax being the most common complication (44.3% of the patients). None of these patients
required hospitalization. Eight patients (7.5%) experienced grade 3 or greater acute toxicity. Four
patients had grade 3 pneumothorax, two patients had a grade 4 chest infection, one patient had
haemothorax, and one patient had grade 3 pericardial puncture. One patient had a contained air-
embolism with air in the pulmonary veins and left atrium but no systemic embolism. This last patient
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developed a chronic necrotizing pneumonia and aspergillosis at the site of the ablation zone. In terms
of late toxicity, only one patient had G1 dyspnoea.

3.3.1. Local Control by Primary Site

Local control (LC) was similar with both treatment modalities in breast, endometrial and RCC
(Table S1). Colon and rectal cancer patients achieved better LC with RFA compared to SBRT (LC
89.7% vs 64.2% and 96.2% vs 71.4% respectively).

3.3.2. Local Control with SBRT by Biologically Effective Dose (BED)

The most common dose regimen used was 60Gy in 8 fractions (36.1%), followed by 55Gy in 5,
54Gy in 3, and 50Gy in 5 (27.8%, 20.8 and 6.9% respectively). As biologically effective doses vary
widely depending on the primary site being treated, BED delivered was calculated with the following
alpha-beta ratios: 1.5 for Prostate, 2 for adenoid cystic, 2.5 for melanoma, 3 for RCC and thyroid
papillary carcinoma, 4 for breast and sarcoma, and 10 for colorectal, oesophageal, cervical,
endometrial and pancreatic cancer.

Median BED dose prescribed was 127Gy (range= 68-540Gy, interquartile range (IQR)= 108.5-
240Gy). BED doses in those with local control and local failure are visually presented as Box and
whisker plot in Figure 2. Among those with local control, median BED dose prescribed was 130Gy
(IQR= 115-297Gy. Patients with local failure generally received lower BED doses, with a median of
115Gy (IQR= 105-152.5Gy). Median BED dose prescribed to colorectal lung metastases was 105Gy
(IQR=105-115Gy).

BED doses stratified by local control status
600

500

400

M Local failure
300
M Local control

BED dose

200

0 i

Figure 2. Box and whisker plot of BED doses in SBRT cohort stratified by local control status.

3.4. Progression-Free Survival and Overall Survival
3.4.1. Local PFS

Local PFS (LPFS) was similar in both SBRT and RFA cohorts, with median time to local
progression not reached in either cohort (Figure 3a). In the SBRT cohort, local PFS at 6 and 12 months
were 94.0% (95% CI: 84.7%-97.7%) and 87.6% (95% CL: 76.7%-93.6%). In the RFA cohort, local PFS at
6 and 12 months were 93.3% (95% CI: 86.5%-96.8%) and 91.3% (95% CL: 83.9%-95.4%).

Subgroup analysis of lesions stratified by size (<=20mm vs >20mm) showed similar LPFS with
both techniques in both smaller (p=0.198) and larger lesions (p=0.746) (Figure 3b and 3c). In view of
the difference in local control between colorectal patients treated with RFA and SBRT, subgroup
analysis was also performed. This showed better LPFS in colorectal patients treated with RFA
(p=0.004) and this effect was not maintained in non-colorectal patients (p=0.974) (Figure 3d and 3e).
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Figure 3. Local PFS after ablative treatment for lung metastasis. (A) In all patients treated with SBRT and RFA.
(B) In lesions >20mm. (C) In lesions <=20mm. (D) In patients with colorectal primary. (E) In patients with non-

colorectal primary.

3.4.2. Progression-Free Survival

Time to distant or local progression was longer in the SBRT cohort, with median time to
progression 12.5 months (95% CI: 9.2-16.5) in the SBRT cohort compared to 7.9 months (95% CI: 5.3—-
9.9) in the RFA cohort (Figure 4). In the SBRT cohort, 6-month and 12-month PFS were 69.5% (95%
CIL: 57.1% - 79.0%) and 52.9% (95% CI: 40.3% - 63.9%) respectively. In the RFA cohort, 6-month and
12-month PES were 58.0% (95% CI: 48.0%-66.8%) and 30.3% (95% CI: 21.7% - 39.3%) respectively.
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Figure 4. PFS in patients with lung metastases treated with SBRT and RFA.

3.4.3. Overall Survival

Overall survival was similar in both groups, with median OS 49.9 months (95% CI: 37.2-not
reached) in the SBRT group and 49.4 months (95% CI: 42.93 — 54.5) in RFA group (Figure 5). In the
SBRT cohort, 6-month and 12-month OS were 97.0% (95% CI: 88.4%-99.2%) and 95.4% (95% CI: 86.4%-
98.5%). In the RFA cohort, 6-month and 12 month OS were 100% and 92.1% (95% CI: 84.8%-96.0%).

Overall survival
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Figure 5. Overall survival in patients with lung metastases treated with SBRT and RFA.

3.5.1. Univariable and Multivariable Analysis
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Univariable analysis identified two factors potentially associated with adverse outcomes,
independent of ablative treatment: i) lesions >20mm and ii) those who required SACT following
treatment (Table S2). In multivariable analysis, lesions >20mm remained statistically significant in
adverse local PFS (HR 3.28 (95% CI: 1.59-6.78)), PFS (HR 1.47 (95%CI: 1.03-2.11)) and OS (HR 2.22
(95% CI: 1.38-3.58)) (Table S2). Patients requiring no subsequent SACT also remained significant in
predicting improved PFS (HR 0.48 (95% CI: 0.32-0.70)).

3.5.2. Cox Regression with Interaction Effects

No statistically significant interaction effects were found between lesion size and treatment
cohort. For patients with colorectal primaries, those who received RFA had better local control than
SBRT (HR 0.21 (HR 0.05-0.90)), p=0.035. Lesion size >20mm maintained statistical significance in
predicting worse PFS and OS (Table S2).

4. Discussion

Ablation of lung oligometastases is a potential life-prolonging treatment, as supported by the
survival benefits reported in the long-term follow up of two randomized phase II trials [5,6]. We have
observed differences in selection of patients for treatment with either RFA or SBRT at our institution.
Almost all sarcoma patients were treated with RFA (96%), as were the majority of colorectal patients
(75%). A substantial body of evidence supports RFA [7-12], but also SBRT in these patients [6,13-20].
Conversely, all melanoma patients at our institution were treated with SBRT. There is limited
evidence specifically reviewing the use of either RFA or SBRT in melanoma patients [21,22], therefore
it would be justifiable to use either. This may partly be explained by the specialties represented within
tumour site-specific multidisciplinary teams.

There are other factors which may lead clinicians to preferentially choose RFA for patients. In
the UK, funding may play a significant role: the NHS Clinical Commissioning Policy [26] (previously
the Commissioning Through Evaluation Programme) only allows up to three separate metastases to
be treated by SBRT (metachronous presentation). This means that if patients have multiple metastases
at baseline or are predicted to have multiple lesions in the future, clinicians may be less inclined or
unable to choose SBRT as the single modality of treatment, within the NHS. Clinical factors include
i) size — lesions smaller than 5mm are technically difficult to treat with SBRT; and 2) the potential
requirement for multiple ablative treatments to the lung may favour RFA as the treatment of choice.
The latter is likely to be due to the uncertainties surrounding the safety of retreatment with SBRT or
treatment of multiple lesions [27,28], particularly with respect to pulmonary toxicity, as well as the
restrictions imposed by funding. With the high frequency of lung metastases and recurrences in
STS, this may explain why RFA is preferentially used at our institution.

We observed that more RFA patients received systemic therapy, both prior to and after receiving
RFA. This cohort contained fewer patients with oligometastatic disease. This may also reflect the
initial decision-making process: that patients predicted to have a high chance of lung recurrence may
have been preferentially treated with RFA due to the aforementioned concerns surrounding
retreatment with SBRT. These patients would have also been more likely to require systemic therapy.

The excellent local control observed in the RFA group may have been confounded by a number
of factors, including tumour size or histological primary. The lesions treated with RFA were overall
smaller than those treated with SBRT — the smallest lesion being 3mm, and median diameter 11mm.
Larger tumours have been associated with poorer prognosis regardless of treatment modality: poorer
local control [28], PFS [7,8,11,20], and OS[8,11,12,18,20]. Multivariate analyses in our series confirmed
larger lesions independently predict worse local PFS, PFS and OS.

Looking at histological primary, the majority of the local failures within the SBRT group were
with colorectal cancer patients. This correlates with findings from a meta-analysis which found the
local control rate of treated colorectal lung metastases to be 60% at three years [30]. Furthermore,
colorectal metastases may be more radioresistant than metastases from other primary malignancies.
This is supported by the findings from a study exploring the radiobiological parameters for lung and
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liver metastases, which looked at over 3000 metastases from 62 studies, and found that colorectal
metastases were estimated to have a higher alpha/beta ratio [31]. This group achieved better local
control with RFA in our series. Higher BED doses may achieve better control if SBRT were to be used,
similar to that of melanoma and RCC [32-36]. This is also supported by our finding that those with
local relapse received a lower median BED dose (115 vs 130Gy).

Other than size, differences in systemic treatment, rates of oligometastatic disease, and
histology, the differential lesional local control observed between the RFA and SBRT patients may be
explained by the difficulties with radiological assessment. As previously highlighted, it can be
difficult to differentiate between radiation-induced lung injury and progression, and there may be a
tendency to err on the side of caution and diagnose recurrence. We attempted to eliminate this
potential for overdiagnosis by independently reviewing all imaging from all patients in both groups
with two radiologists, using the High-Risk Factors as proposed by Huang and colleagues [6] for those
treated with SBRT. PET-CT or histological confirmation were used to confirm local progression in
our series. Despite these logical explanations, assessment of local control following SBRT continues
to carry uncertainties. It will continue to cause difficulties in comparing the efficacy of radiotherapy
versus other non-surgical ablative techniques.

Limitations of this evaluation include smaller patient numbers in some tumour subtypes and
relatively low number of local progression events which limits LPFS analysis. Patients were excluded
if they did not have at least one follow up scan following treatment which may have caused selection
bias. The reason for this criteria is local PFS was the primary objective being assessed. This does
mean if a patient was referred from a remote centre and does not return for follow-up after treatment,
outcomes will not be captured. Furthermore, as with any retrospective studies, the data was subject
to information and recall bias. Lack of histopathological confirmation at the time of local control
failure was a further limitation. This is an increasingly common dilemma in the metastatic setting
where re-biopsy may not be in patient’s best interest due to risks involved.

Our study has highlighted differences in patient selection for RFA or SBRT in the treatment of
lung metastases at our institution, accepting the differences in the two cohorts. For example, SBRT
was primarily used in the oligometastatic setting while RFA was more commonly used in the
polymetastatic setting. With this in mind, we found SBRT achieved better overall PFS with no
significant difference in local control or overall survival when compared to RFA. Another significant
finding was colorectal patients had better local control with RFA, supporting the outcomes from other
studies which have suggested greater radioresistance in colorectal cancer. Higher BED doses in SBRT
were associated with better local control — again, a finding which supports those from other studies
[31-35]. Future research could focus on optimizing patient selection for the different modalities of
treatment; defining and radiation dose schedules for radiosensitive and radioresistant tumour types.
These would help to determine the optimum treatment modality for management of lung metastases,
and to further individualise patient care.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1: Local control stratified by primary site and treatment modality; Table

52: Univariable and multivariable Cox-regression analysis.
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