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Abstract
Stereotactic ablative body radiotherapy (SABR) is an effective technique comparable to surgery in terms of local control and efficacy in early stages of non-small cell lung cancer (NSCLC) and pulmonary metastasis. Several fractionation schemes have proven to be safe and effective, including the single fraction (SF) scheme. SF is an option cost-effectiveness, more convenience and comfortable for the patient and flexible in terms of its management combined with systemic treatments. The outbreak of the SARS-CoV-2 pandemic has driven this not new but underutilized paradigm, recommending this option to minimize patients’ visits to hospital. SF SABR already has a long experience, strong evidence and sufficient maturity to reliably evaluate outcomes in peripheral primary NSCLC and there are promising outcomes in pulmonary metastases, making it a valid treatment option; although its use in central locations, synchronous and recurrencies tumors requires more prospective safety and efficacy studies. The SABR radiobiology study, together with the combination with systemic therapies, (targeted therapies and immunotherapy) is a direction of research in both advanced disease and early stages whose future includes SF.
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Core Tip: There is strong evidence (two phase II prospective studies) to support using single-fraction stereotactic ablative body radiotherapy schemes in early stage peripheral non-small cell lung cancer. In pulmonary oligometastatic disease, there are promising outcomes and publication of one randomized prospective phase II study is pending. The association of this scheme with new systemic therapies looks promising for the future.

INTRODUCTION
Stereotactic ablative body radiotherapy (SABR) is an important development in the early stages of non-small cell lung cancer (NSCLC). An effective, non-invasive and well-tolerated treatment which, by delivering high and precise doses over several sessions, improves the survival outcomes of these medically inoperable patients compared with conventional fractionation schemes[1,2]. It achieves a high level of local control in stages I and IIA, and a similar survival to surgery[3] in both primary tumors and lung metastases[4].
In spite of an increasingly widespread use of SABR over the past two decades, no consensus has been reached about the most suitable fractionation schemes, as several have proven to be safe and effective[5-7], including a single fraction scheme (SF)[8]. 
SF SABR was first utilized in intracranial stereotactic radiosurgery (SRS)[9,10] and showed promising efficacy that was comparable to surgery. Pioneering extracranial developments of SF included the treatment of thoracic malignancies[11], although in clinical practice or research it has been adopted much less than fractionated SABR[12].
The outbreak of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic in 2019 has resulted in an urgent need to reduce the number of patients’ face-to-face visits. There is, therefore, renewed interest in SF as a viable treatment option for primary and metastatic lung cancer[13,14], as it delivers a radical treatment dose in just one hospital visit. In fact, oncological guidelines[15-17] now recommend using SF in these patients. 
Moreover, recent studies reporting the use of SABR in carefully-selected patients with sustained metachronic extracranial oligometastases[18-22], will increase the number of indications for this approach, and SF could also be an attractive option in this setting.
Other possible applications for SF could include synchronous or oligorecurrent tumors, after a first treatment. 
However, SF differs from other treatments in two important ways. One concerns the radiobiological principles and the other refers to a possible different immunogenicity than with multifraction SABR. 
The clinical efficacy of SABR is greater than would be expected by the linear-quadratic model. This is because, in addition to the directly ablative effect of SABR, it also has indirect effects that induce vascular endothelial lesion and immune activation[23,24].
Apart from reoxygenation, perhaps, the other radiobiological principles of the 4Rs are not applicable to SABR. Tumoral hypoxia can persist after vascular lesions caused by SABR[25]. Moreover, it is unlikely that switching from 1 to 5 fractions will permit the initially hypoxic tumor cells to become sufficiently reoxygenated, and could explain the small number of local failures observed in fractionated SABR[8]. To date, no clinical study has measured the effect of SABR on tumoral hypoxia in patients with NSCLC, to determine whether the efficacy of SABR depends on reoxygenation[25]. 
In the present review, we examine current evidence for the safety and efficacy of SF, its benefits and limitations to use. We also examine possible future directions for new systemic treatments and immunotherapies.

EARLY-STAGE PERIPHERAL NSCLC
In 2005[26,27], the first published experiences began to appear using single fraction radiation therapy in lung, in which doses of 30-34G achieved local response rates at one-year of 93%, with a G3 toxicity of 2%. 
The first prospective studies in dose-escalation (Table 1) were published by Stanford University[28] in 2003. Later, the authors presented the outcomes for different doses[29]. This was a Phase I trial in dose-escalation with a study design with 4 doses of SF increasing from 15 Gy to 30 Gy, by increments of 5 Gy. The primary end-point was to identify the maximum tolerated dose (MTD) three months after dose delivery by SF. A total of 32 inoperable patients were recruited, of whom 20 had NSCLC and 12 were metastatic with lesions smaller than 5 cm. After 5-6 mo, the patients with central tumors and with a PTV > 50 cc presented pneumonitis G2-3. On the other hand, delivery of 25 Gy to patients with prior radiotherapy (RT) produced a significant increase in toxicity effects. Therefore, an addendum was applied for the 30 Gy dose to exclude the population with PTV > 50 cc who had received prior RT. The three G5 toxicities reported all corresponded to centrally located tumors, in patients with prior chemotherapy, one before SABR and two as adjuvant therapy to SABR, and two patients had a PTV > 50 cc. Local control (LC) at one-year was 91% for those delivered a dose higher than 20 Gy and 54% for doses lower than 20 Gy. Local control was significantly less in metastatic lesions than in primary tumors. The authors conclude that SF SABR of 25 Gy is well-tolerated in patients with prior thoracic radiotherapy with a PTV < 50 cc. However, central lesions and the population receiving prior chemotherapy, before or after SABR, could be at greater risk. 
After this experience in dose-escalation, two prospective studies were published. The first was the Radiation Therapy Oncology Group (RTOG) 0915 study, published by Videtic et al[30] in 2015. This is a phase II study that analyzed 84 patients with a median follow up of 30.2 mo. Patients had T1-T2 N0 peripheral NSCLC and were randomized into one of two arms: SF 34 Gy (Arm A) vs 48 Gy delivered in 4F (Arm B). The aim of the study design was to identify the schedule that produced the least G3 adverse events in one year. The results showed a Grade 3 toxicity of 10.3% in Arm A and of 13.3% in Arm B. One G toxicity was recorded in each Arm. This was not related to SABR in Arm A, whereas it was related to treatment in Arm B. Local control at one-year was 97% in Arm A and 92.7% in Arm B with a tendency towards increased overall survival (OS), although this was not statistically significant with the 34 Gy dose. 
The study conducted by Singh et al[31] at the Roswell Park Cancer Institute and published in 2019 was a phase II study that recruited 98 patients with T1/T2 primary peripheral lung cancer, randomized to receive a SF of 30 Gy (Arm 1) vs 60Gy delivered in 3 fractions, not correcting for heterogeneity (Arm 2). The primary endpoint of the study was to determine the incidence of toxicity of G3 or higher, with secondary endpoints of LC, survival and quality-of-life. With a mean follow-up of 53.8 mo, no significant differences were found between the two arms in G3 toxicity, LC at two years, which was 94.9% in Arm 1 and 97.1% in Arm 2, or in OS or progression free survival (PFS). A statistically significant improvement was only observed in social functioning in the 30Gy arm. 
The results show that SF presents a comparable toxicity profile to multi-fraction radiotherapy without differences in LC. It would, therefore, seem pertinent to propose a phase III trial[8] that compares SF with Timmerman’s classical fractionation schedules of 54 Gy in 3 fractions[32]. Possible limitations to this phase III study would be the problem of obtaining a sufficient sample size, and a possible excess toxicity to the ribs in extreme peripheral lesions. 
Because of the SARS-CoV-2 pandemic, the use of hypofractionated schedules are being considered and, specifically, for NSCLC the use of a SF of SABR with a 30 Gy or 34 Gy dose, as both these doses have been reported to produce similar outcomes[33].

CENTRAL TUMORS
Central tumors are defined in the clinical trial protocol of the cooperative group of the RTOG 0236 as those located less than 2cm away from the proximal bronchial tree (PBT)[34]. The initial experience in centrally located tumors treated with SABR but following protocols for non-central targets, showed a high toxicity, including deaths from complications[35,36]. Ultra-central tumors[37], in which the margin is reduced to within 1 cm of the boundary of the PBT, and the lesion touches or immediately invades one of the organs at risk, such as the mediastinum, trachea, bronchus or esophagus, are at greater risk of treatment-related death with SABR, associated with necrosis of the respiratory tract. However, for small (T1, T2) ultra-central lesions, SABR has been used quite safely. 
There is growing interest in the treatment of central and ultra-centrally located targets by SABR, and in identifying the optimum dosing schedule that is both effective and safe to administer[38]. 
The Phase I/II RTOG 0813 study[39] evaluated the maximum tolerated dose, efficacy and safety in 120 patients with NSCLC cT1-2N0 of central location. The maximum tolerated dose was 12 Gy/fraction, and was associated with 7.2% of dose-limiting toxicity and high control rates. Local control rates at two years for the 71 evaluable patients in cohorts of 11.5 and 12.0 Gy/fraction were 89% and 88%per cent, respectively. Analysis of ultra-central vs central locations is still pending. 
The fractionation schedules most used in centrally-located tumors are: 45-50 Gy delivered in 4-5 fractions following recommendations of the American Society for Radiation Oncology[6] or 60 Gy in 8 fractions according to the UK SBRT consortium[40].
Ongoing radiation studies in ultra-central tumors are attempting to elucidate the ideal dosing schedule. These include the Canadian trial SUNSET[41] and the EORTC LungTech study[42], which use the 60 Gy scheme delivered in 8 fractions. 
SF SABR schedules of 30-34 Gy in phase II trials have been validated in peripheral tumors[30,31] but not in central targets. The Phase I dose-escalation study of Standford[29], which did include centrally-located tumors, reported a greater toxicity in these patients, as mentioned in the previous section. The remaining studies focusing on the use of SF on central targets are retrospective. 
One retrospective study published by the Roswell Park Cancer Institute analyzed 42 patients with central tumors, and compared treatment outcomes in 11 patients delivered a single fraction of 26-30 Gy vs 31 patients treated with 52.6-60 Gy in 5 fractions. They found no significant differences in OS, PFS or in local, lymph node, or distant failure at 18 mo[43]. In spite of the higher rate of grade ≥ 3 toxicity (P = 0.28) in the cohort of patients treated with the single fraction, in the univariant analysis dose had no significant effect on risk of toxicity ≥ 3. Local control at one year was 100% in patients treated with SF and 96% in the multiple fraction group. 
A retrospective review by Siva et al[44] that included 65 patients with 1-3 pulmonary metastases compared SF (26 Gy to peripheral lesions and 18 Gy to central lesions) vs delivery of multiple fractions (48 Gy in 4 fractions and 50 Gy in 5 fractions). With a mean follow-up of 25 mo they found no significant differences in OS, local or distant progression, or toxicity. There were no cases of grade ≥ 3 toxicity.
To conclude, the treatment of centrally-located pulmonary tumors with SABR is still controversial owing to greater toxicity risks associated with central compared with peripheral locations. Evidence from published studies for SF in central or ultra-central tumors shows a higher toxicity risk, as doses exceed tolerance doses for central structures. Therefore, until prospective studies can establish SF as an alternative to multifraction SABR in this location, it cannot be recommended.

SYNCHRONOUS TUMORS AND RECURRENT DISEASE
There is little solid evidence about the use of SABR, and even less for SF, in synchronous lung tumors. This setting is particularly complex as there is often no anatomical pathology thus complicating therapeutic planning. 
A study at Stanford[45] describes the results of a dosing strategy for SABR adapted to tumor volume, in primary and metastatic pulmonary tumors. In one of the groups, patients with a tumoral volume < 12 mL received a SF of 18-30 Gy. This group studied 48 patients with a total of 62 tumors, so an important proportion of patients treated with SF SABR had more than one tumor (between 2 and 4).
With a median follow up of 13 mo, patients with one or more small tumors treated by SF with a BED < 100 Gy, had a high rate of local control and a low toxicity, equivalent to rates recorded in patients treated with multiple fractions of BED >100 Gy.
In 2014, Kumar et al[46], of the Cleveland Clinic published the data of their updated series of 445 patients with early stage NSCLC treated with SABR, including 26 patients (5.8%) with synchronous pulmonary tumors confirmed by biopsy and/or PET-CT. Both the group of synchronous and of single pulmonary tumors included patients who had received SF (30 Gy in both groups and 34 Gy in the group of single tumors). At one-year of follow-up, there were no differences in survival or progression between the groups. 
In a retrospective analysis by Tekatli et al[47] on SABR in both primary and metastatic synchronous pulmonary tumors, out of a total of 84 patients and 188 pulmonary lesions treated, only 7 Lesions (3.7%) were delivered a single session of 34 Gy by multicentric VMAT to simultaneously treat lesions some distance apart. A toxicity ≥ G3 was only recorded in 2% of the patients.
Another setting for which few studies have been published is rescue therapy by SABR, either in cases of tumoral recurrence, or persistence after a first oncological treatment. Most of the published studies of SABR used in tumoral recurrence deliver from 3 to 8 fractions[48-50]. A retrospective series published by Pennathur et al[51] analyzed 100 patients receiving SABR treatment for tumoral recurrence using the following regimens: surgery ± radio/chemotherapy, chemo-or radiochemotherapy, RT or radiofrequency. Of these, 31% were given 20 Gy as SF SABR, whereas the remaining patients were given 45 to 60 Gy in 3-5 fractions. With an important median follow up of 51 mo, the OS estimated for the whole sample at 1, 2 and 5 years was 74%, 49% and 31%, respectively. Although these data are from a retrospective study, they are the best data published to date in the setting of SABR for oligorecurrent or persistent lung cancer after a first treatment. No severe toxicity was reported.
Ultimately, there are few published experiences of SABR delivered in a single session for synchronous tumors, or for tumoral recurrence. Further studies are required to establish the viability of this treatment modality in these settings. 

PULMONARY METASTASES
The lung is the second most frequent location of metastases[52]. Although metastectomy is the standard treatment[4], not all patients are candidates for pulmonary resection.
The efficacy and safety of SF SABR in primary or metastatic pulmonary tumors has been known since 2000[11]. 
Studies and data on SF SABR for the treatment of pulmonary metastases are summarized in Table 2. For series that also include patients treated with fractionated SABR, only data referring to the single fraction treatment are included. Nakagawa et al[11] also include pleural and costal metastases. Hara et al[26] , Fritz et al[53], Le et al[29] and Wulf et al[54] combine patients with primary and those with metastatic pulmonary tumors, although only two studies assess local control and distinguish between that achieved in primary vs metastatic tumors. The phase I trial at Standford of Le et al[29] , also mentioned previously, found a lower LC rate at one-year in metastases of 58%, compared to 78% with primary tumors, whereas the prospective series by Fritz et al[53], found no significant differences in LC ( 80% 5 years) or OS (mean survival between 20 and 26 mo) in metastases vs primary tumors.
Treatment with SF SABR has been used for pulmonary metastases for over 20 years, in over 1000 cases. In seven publications the lesions included for analysis exceed 90[54-60].
In these series, the mean dose delivered to peripheral lesions was 27.03 Gy (range: 12-30 Gy), and for centrally-located tumors was 18.75 Gy (range: 16-23 Gy). The lowest doses are found in publications of the first exploratory studies of SABR and dose-escalation. In more recent publications (from 2010 onwards), the most frequently used dosing interval in peripheral tumors is from 26 to 30 Gy. Recently, central tumors have also been included in SF SABR protocols[44,54,56,57,60]. 
With an estimated mean follow up of 22 mo, the mean local control at one- and two-years is 87.1% and 84.2%, respectively; only Osti et al[59] and Sogono et al[60] provide data for LC at 5 years, of 79% and 92%, respectively. 
Sharma et al[61] obtained particularly poor results (LC at 2 years of 68%, at 3 years of 63% and at 4 years of 59%). They attribute this to the dose calculation algorithm used[62], and suggest that the real dose delivered was lower than the theoretical dose. Although Filippi et al[58] advise against using SF schemes in tumors close to the chest wall , Sogono et al[60] and Siva et al[44] report no toxicities when dosing limits are of organ at risk are respected. 
As shown in Table 2, grade 3 toxicity is very rare in all the cited studies. A total of 4 deaths were reported, all in patients with centrally-located tumors treated with non-adapted regimens. Three of these were reported in the phase I dose-escalation trial at Stanford[29] mentioned in previous sections, and one of them located at 15mm PBT in the retrospective series of Osti et al[59].
As mentioned in the section on centrally-located tumors, in the retrospectrive review of Siva et al[44], with appropriate dose constraints, no significant differences are observed in LC or toxicity compared with peripheral pulmonary tumors in retrospective series.
The phase II multicentric prospective study TROG 13.01 SAFRON II of Siva et al[55] is currently addressing the equivalence of a SF SABR schedule of 28 Gy and a schedule of 48 Gy delivered in four fractions for peripheral pulmonary oligometastases smaller than 5 cm. The prespecified primary evaluation criterion relating to safety was satisfied. Preliminary results point to an equivalence of both schedules for LC, OS and DFS (disease free survival), although more time is required to verify these, and other secondary endpoints such as quality-of-life and cost-effectiveness.

BENEFITS AND CONSTRAINTS TO IMPLEMENTATION
SF SABR schemes are an attractive option in terms of more convenience for the patient, reduced costs (direct and indirect) and greater flexibility for combinations with systemic treatments[58]. These features have become even more critical during the   pandemic, to minimize patients´ visits to hospital, and hospital stay. 
However, some constraints have prevented the widespread implementation of this technique such as: a fear of severe toxicity (especially in early studies and central tumors[29]), the scarcity of long-term studies compared with fractionated SABR (a scheme the specialist is already familiar with), and the possibility of errors in geographical positioning (which can be fatal in SF-SABR), requiring a high quality SABR control and appropriate technical capability[8,17] , among others (Table 3). 
As in fractionated SABR, motion management methods should be used in SF, at planning and/or treatment; depending on available technology and previous experience (Figure 1). The treatment and prescription techniques of the studies mentioned in this article are shown in (Tables 1 and 2).
Regarding the benefits of this therapy, there is now strong evidence (two phase II prospective studies), and of sufficient maturity to reliably evaluate outcomes (5 years), to support using SF SABR schemes in early stage peripheral NSCLC[30,31]. 
In pulmonary oligometastatic disease, prospective and retrospective studies (Table 2) describe promising outcomes for LC, acceptable toxicity and emphasize benefits for patient adherence, more convenience and less associated costs. Publication of the randomized prospective phase II study, which is also studying cost-effectiveness, is pending[55,63]. 
Published data on SF-SABR in centrally-located and large-volumed primary tumors (> 50 cc), are controversial, and its use in these settings is not recommended [29,35]. 
There is some uncertainty about the combined use of some systemic therapies (especially with gemcitabine) due to a possible rise in cases of recall pneumonitis, more associated with higher doses per fraction[29]. 
Radiobiologically, single fraction schemes use a similar biologically effective dose (BED) to fractionated schemes (BED > 100 Gy). Therefore, theoretically both should have the same effect on the tumor (> 90%). The BED for healthy tissues suggests a possible rise in toxicity, although this has not been demonstrated in prospective studies (Table 4)[30,31,64]. Moreover, toxicity could be mitigated by increasing the precision of the irradiation, with a high dose gradient between the tumor and healthy tissues, adequate inmolibilization to minimize motion and account for intra-fraction movement[17]. 
The use of single fraction schedules has been found to be 40% less costly than 3 fraction schedules, according to Medicare 2009 rates, approximately 9000$ vs 150000$), although the reimbursement per fraction scheme has been a barrier in countries that implement it (US)[65]. The combination of greater patient comfort, with fewer hospital visits and shorter duration of treatments (one day vs one week), less burden on accelerators, and guarantees of acceptable toxicity and effectiveness[8,66], have all contributed to making SF SABR a valid treatment option to consider. 

RECOMMENDATIONS OF SF SABR DURING THE COVID-19 PANDEMIC
The SARS-CoV-2 has posed a major challenge for the practice of radiation oncology, especially in lung cancer patients that represents one of the greatest risk groups[67]. 
The first results of the Thoracic Cancers International COVID-19 Collaboration (TERAVOLT), the first registry created to establish the effects of SARS-CoV-2 infection in patients with thoracic cancers, report a higher mortality in this group of patients and less access to intensive care units, although 74% of cases corresponded to Stage I patients[68].
During the pandemic, we have had to evaluate alternative dose fractionation schemes and RT techniques, with two main goals: (1) to reduce the number of hospital visits and limit exposure to SARS-CoV-2 of patients receiving RT of curative intent for lung cancer; and (2) to make room, in the radiotherapeutic oncology services, to treat operable lung cancer patients who cannot receive surgery during the pandemic. 
Several guidelines have been published (Table 5) in order to provide an objective and transparent framework with which to classify patients according to the stage of the pandemic and the healthcare resources available. 
There is unanimous agreement about recommending SABR in operable patients with early stage NSCLC or oligometastatic lesions, owing to closed operating theatres or delayed surgical interventions[15-17].
Some teams have adopted an approach called SABR-BRIDGE (Stereotactic ABlative Radiotherapy Before Resection to avoId Delay for early-stage lunG cancer or oligomEts) in which SABR is used as a bridge to provide a radical treatment based on a combination of immediate SABR followed by programmed surgery 3 to 6 mo later[69]. 
Of the different SABR schemes available, the guidelines support administration of a SF treatment to reduce the number of visits during the pandemic. The preferred option is SF of 30-34 Gy for tumors ≤ 2 cm and > 1 cm distant from the chest wall that are outside the no-fly zone. However, the timing and the ability to implement changes in doses/fractionation schedules will depend upon the healthcare resources and technology available (for example, daily CBCT, 4 DCT etc.), and previous experience in SABR is preferable if SF dosing schemes are to be implemented. 

FUTURE DIRECTIONS
New systemic treatments have changed the paradigm for lung cancer, benefitting both OS and DFS. Immune checkpoint inhibitors (ICI) are a standard procedure of locally-advanced and metastatic NSCLC[24]. The use of targeted therapies in carriers of actionable mutations (EGFR, ALK, ROS1, BRAF, TRK, RET and MET) has also changed the course of advanced disease[70]. Unfortunately, platinum-based chemotherapy doublets produce low response rates[71]. Moreover, new treatments can present primary and/or secondary resistances that limit their efficacy in most patients. The exclusive use of ICI in monotherapy produces a clinical benefit in fewer than 30% of patients, and 20% of those receiving targeted therapies develop acquired resistance during the first year[24,72]. 
Several studies have shown that systemic treatment is effective at controlling the microscopic disease, but largely ineffective macroscopically[20]. This has led to studies exploring combinations of systemic treatments with local therapies such as SABR. The clinical benefit of this combination has been demonstrated in two randomized phase II studies in oligometastatic patients with NSCLC[21,22]. In both of these, the patients received induction ChT and were then randomized to receive SABR or surgery vs systemic treatment exclusively. Similar outcomes were obtained, and PFS was three times greater in the group receiving local consolidation therapy. 
Randomized retrospective and prospective studies on the combined use of SABR and targeted therapies in stage IV NSCLC have also reported a clinical benefit for LC, PFS and OS[73,74]. This was confirmed in the Phase III randomized study (SINDAS), which showed an increase in PFS and OS[75]. 
The combination of ICI and SABR (I-SABR) is attracting even more interest. This is because SABR can induce an effective immunogenic death that can reactivate the antitumoral immune response[24]. A systematic review of stage IV NSCLC found that I-SABR increased the objective response rate (ORR) in 40% and also the PFS[76]. The PEMBRO-RT study (phase II randomized) used SABR (24 Gy in 3 fractions) prior to starting pembrolizumab, and reported an ORR, PFS and OS of 36%, 6.6 mo and 15.9 mo in favor of the combination[77]. Bauml et al[78] (phase II study of one arm) evaluated the combination of local ablative therapies with pembrolizumab and found a PFS of 19 mo and an OS of 77.5% at two years. A pooled analysis of the PEMBRO-RT and MDACC trials reported better outcomes for I-SABR with a median PFS and OS of 9 mo and 19.2 mo, respectively[79].
In the light of these promising results for I-SABR in advanced disease, current research is focusing on its benefits in early stages. One example is the PACIFIC-004 study, a multicentric phase III trial that combines SABR with durvalumab in stage I-II[80].
Although current evidence tends to favor hypofractionation, there is still controversy regarding the optimum fractionation schedule. Some ongoing studies are attempting to evaluate the role of single fraction SABR combined with immunotherapy. One example is the NCT03217071 trial that uses induction SABR at 12 Gy associated with pembrolizumab in stages I-IIIA. In advanced disease, the NCT02639026 trial evaluates the 17Gy scheme associated with durvalumab + tremelimumab[81].
Carbon ion radiotherapy (CIRT) has also proven effective in NSCLC. The use of CIRT in single fraction has achieved LC rates of 95% at 5 years with doses higher than 48 GyE[82]. Several possible synergistic mechanisms have been proposed for combinations with immunotherapy, but this research is still ongoing[83].

CONCLUSION
SF SABR is a valid treatment option in patients with lung cancer owing to an increased convenience of this approach, its lower costs and greater flexibility for combining with systemic therapy. During the SARS-CoV-2 pandemic, there has been renewed interest in hypofractionated and ultra-short schedules including SF, which has transformed the paradigm of radiation oncology. 
Results reported in the literature reveal comparable local control, PFS and OS, late onset toxicity and quality-of-life for both SF SABR and multifraction SABR in primary NSCLC and there are promising outcomes in lung metastases.
However, there are some settings in which SF could entail too high a toxicity risk such as: patients who have received prior RT, when PTV > 50 cc, or in peripheral locations where noncompliance of SF with dosing limits for healthy tissues could endanger structures such as the chest wall. Moreover, the use of this scheme in centrally-located tumors with SABR is still controversial owing to toxicity risks and the current evidence so should be used in a clinical trial scenario.
The radiobiology of SF and combinations of this technique with immunotherapy are still under investigation, and studies focusing on high dose ablative regimens will continue.
Combining SABR with systemic treatments is safe and effective. Preclinical trials have reported an immune effect for SABR in a SF, and this is also easier to deliver between one systemic treatment and the next. However, the clinical application of SF with immunotherapy to trigger synergistic effects is still being investigated. 
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Figure 1 Stereotactic ablative body radiotherapy dose distribution for an oligometastasis from non-small cell lung cancer. Treatment was delivered by means of the CyberKnife. A: Axial view; B: Sagittal view; C: Coronal view.

Table 1 Prospective data, single fraction stereotactic ablative body radiotherapy early-stage peripheral non-small cell lung cancer
	Ref.
	Design
	Arms
	n
	Toxicity rates > GIII
	LC
	PFS
	OS
	FU3
	SABR technique/prescription

	Le et al[29], 2006
	Phase I, n = 32
	15 Gy (1fr)
	9
	0
	54
	NSCLC1: 67%
	NSCLC1: 85%
	18
	Cyberknife

	
	
	
	
	
	
	
	
	
	Gold fiducials

	
	
	
	
	
	
	
	
	
	Breathold or Synchrony (Accuray) respiratory tracking system/Isodose coverage: 95% of PTV

	
	
	20 Gy (1fr)
	1
	0
	
	
	
	
	

	
	
	25 Gy (1fr)
	20
	1p (GIII)
3p (GV)
	91
	
	
	
	

	
	
	
	
	
	
	Metastatic1: 25%
	Metastatic1: 56%
	
	

	
	
	30 Gy (1fr)
	2
	0
	
	
	
	
	

	Videtic et al[30], 2015
	Phase II, n = 84
	48 Gy (4fr)
	45
	6 (13.3%)
	92.7%1
	71.1%2
	77.7%2
	30.2
	Abdominal compression, gating with the respiratory cycle, tumor tracking, and active breath-holding techniques were allowed. Image guidance was required/prescription isodose surface ≥ 60% and < 90% of the maximun dose.

	RTOG 0915
	
	
	
	
	
	
	
	
	

	
	
	34 Gy (1fr)
	39
	4 (10.3%)
	97%1
	56.4%2
	62.3%2
	
	

	Singh et al[31], 2019
	Phase II, n = 98
	60 Gy (3fr)
	49
	6 (15%)
	97.1%1
	50%2
	62%2
	53.8
	Body Fix (Elekta) immobilizer. Real-Time Position Management by Varían Medical System or abdominal compression. 3D-CRT was preferred. Image guidance was required/tumor coverage and normal tissue dose constraints followed RTOG 0915 

	
	
	30 Gy (1fr)
	49
	8 (17%)
	94.9%2
	65%2
	73%2
	
	


1At 1 yr.
2At 2 yr.
3Median follow-up months. 
Fr: Fraction; RTOG: Radiation Therapy Oncology Group.

Table 2 Single fraction stereotactic ablative body radiotherapy for pulmonary metastases
	Ref./period of study
	Study design
	Total lesions (n)/LM (n)
	Mean, Dose Gy (range)/Location
	SABR technique/prescription
	Mean GTV (cc) (range) failing this, cm
	FU (mo), median
	LC
	Toxicity≥ GIII
	Comments

	Nakagawa et al[11]/unspecified
	P
	22/12
	22.8 (18-25)1/NR
	Rotational or StaticTherapy 3D-CRT. Abdominal compression/PTV enclosing isodose.
	4.8 (0.8-13)
	10
	100%1
	0
	Non actuarial LC

	Hara et al[26]/1998-2003
	P
	59/48
	30(20-34)/Periph
	Static 3D-CRT. Gating/Minimal dose to GTV
	5 (1-19)
	12
(mean)
	1-yr 93%
	1 GIII


	LC 52% < 30 Gy

	
	
	
	
	
	
	
	
	
	LC 83% ≥ 30 Gy

	
	
	
	
	
	
	
	
	
	P = 0.068

	
	
	
	
	
	
	
	2-yr 78%
	
	

	Wulf et al[54]/1997-2004
	R
	92/31
	26/Central
	Static 3D-CRT. Abdominal compression/65-80%-isodose enclosing PTV
	NR
	14
	100%
	NR
	SF data are shown

	Fritz et al[53]/unspecified
	P
	64/31

	30/Periph
	Static 3D-CRT. Abdominal compression/Isocenter, 90% isodose enclosing GTV, 80% isodose enclosing PTV
	Median: 6 (2.8-55.8)1
	221
	5-yr 80%1
	0
	No difference LC and OS LM vs primary lung cancer

	Le et al [29]/2000-2005
	Phase I
	32/11

	22.34 (15-30)/Periph
	Cyberknife. 
Gold fiducials.
Breathold or Synchrony (Accuray) respiratory tracking system / Isodose coverage: 95% of PTV
	Median: 17.1 (2-103)
	18
	1-yr 91% (≥ 20 Gy)
	1 GIII (pn)
	LC primary vs LM: 78% vs 58%

	
	
	
	
	
	
	
	
	
	And OS (85% vs 56%)

	
	
	
	
	
	
	
	1-yr 54% (< 20 Gy)
	3 GV (central)
	

	
	
	
	
	
	
	
	
	
	Higher toxicity in central tumors

	Hof et al [63]/1997-2005
	P
	0/71
	24.35 (12-30)/NR
	Static 3D-CRT. Abdominal compression/Isocenter: 80% isodose enclosing PTV
	10 (1-53)
	14
	1-yr 88.6%
	3 GIII (pn)
	LC 3 yr 78% 26-30 Gy

	
	
	
	
	
	
	
	2-yr 73.7%
	
	

	
	
	
	
	
	
	
	3-yr 63.1%
	
	

	Gandhidasan et al [56]/2010-2015
	R
	186/95
	18/Central
26 or 28/Periph
	Static 3D-CRT or IMRT/80% isodose enclosing PTV
	NR
	22
	2yr 84%
	0
	

	Osti et al [57]/2008-2012
	P
	0/103
	23Gy/Central
30 Gy/Periph
	Static 3D-CRT. 4DCT. 80% isodose enclosing PTV.
	NR
	15
	Central vs peripheral:1-yr 79.4% vs 94.7%
	2 GIII (pn)
	Prognostic factors for LC: sex and histology

	
	
	
	
	
	
	
	Global: 1-yr 89.1%, 2-yr 82.1%
	
	

	Filippi et al[58]/2003-2011
	R
	0/90
	26Gy/Periph
	Static 3D-CRT or IMRT or VMAT. Abdominal compression/80% isodose enclosing PTV.
	< 5 cm
	24
	1-yr 93.4%
	8 GII-III
late radiological toxicity
	They suggest not to use a SF in lesions close to the chest wall

	
	
	
	
	
	
	
	2-yr 88.1%
	
	

	
	
	
	
	
	
	
	
	6 GII-III
chest wall toxicity
	

	Siva et al [44]/2010-2013
	R
	0/41
	18/Central
26/Periph
	Static 3D-CRT or IMRT or VMAT. /70-80% isodose enclosing PTV.
	< 5 cm
	25
	2-yr 93%
	0
	LC, OS and toxicity rates between SF and multi-fraction SABR

	Osti et al [59]/2008-2016
	R
	0/166
	30/Periph
	Static 3D-CRT. 4DCT/95% isodose enclosing PTV
	3.46 (0.03-47.48)
	38
	3-yr 80.1%
	6 GIII (pn)
	Lesions ≤ 15 mm from mediastinum were not included in the study

	
	
	
	
	
	
	
	
	11 GIII
lung fibrosis
	

	
	
	
	
	
	
	
	5-yr 79.2%
	
	

	
	
	
	
	
	
	
	
	1 GV at 15 mm PBT
	

	Sharma et al [61]/2005-2015
	R
	32
	30/Periph
	Cyberknife. Radiopaque markers Tumor traking.70-90% isodose enclosing PTV
	< 3 cm
	22
	2-yr 68%
	No details for SF
	BED10 < 100, delivery of pre-SBRT chemo. and synchronous metastasis: independently < LC

	
	
	
	
	
	
	
	3-yr 63%
	
	

	
	
	
	
	
	
	
	4-yr 59%
	
	

	Sogono et al [60]/2010-2019
	R

	167 (95% peripher)
	16-18/Central
26-28/Periph
	Static 3D-CRT or IMRT or VMAT. 4DCT/99% isodose enclosing PTV
	NR
	37
	1-yr 96%
	NR
	Several locations

	
	
	
	
	
	
	
	2-yr 92%
	
	

	
	
	
	
	
	
	
	5-yr 92%
	
	

	Siva et al[55]/2015-2018
	Phase II
	133
	28/NR
	Static 3D-CRT or IMRT or VMAT. Abdominalo compression/70-80% isodose enclosing PTV
	2.2 cm (mean)
	12
	1-yr 93%
	2 GIII
	Preliminary results (TROG 13.01 SAFRON II)

	
	
	
	
	
	
	
	
	
	1-3 metastases non-central targets < 5 cm


1Data refer to subgroup pulmonary metastases; when not specified otherwise, data refer to the whole series. 
FU: Follow up; LC: Local control; OS: Overall survival; G: Grade; LM: Lung metastases; P: Prospective; R: Retrospective; NR: No reported; pn: Pneumonitis; periph: Peripheral; 3D-CRT: Tridimensional conformal radiotherapy. 4DCT: Four-dimensional CT; IMRT: Intensity-modulated radiotherapy; VMAT: Volumetric-modulated arc therapy.

Table 3 Benefits and constraints to using single fraction stereotactic ablative body radiotherapy schemes 
	Benefits
	Constraints 

	Low medium-long term toxicity
	Fear of severe toxicity in initial studies

	Prospective efficacy and toxicity data
	Insufficient long-term data

	Convenience for patient, fewer hospital visits (indirect costs), shorter treatment times
	

	Less occupation of accelerators 
	

	Reduced positioning errors between fractions
	Greater risk of positioning errors

	Peripheral tumors
	Central tumors

	Reduction in direct costs
	

	Less interference with systemic therapies
	Cases of Neumonitis recall with some systemic therapies

	Convenience for COVID-19 pandemic
	



Table 4 Biologically effective dose 
	
	Early tumor effects α/β = 10
	Late tumor effects α/β = 3

	28 Gy in 1 fraction
	106 Gy
	289 Gy

	48 Gy in 4 fractions
	105 Gy
	240 Gy




Table 5 Summary of indications for stereotactic ablative body radiotherapy in pandemic COVID-19 in patients with early stage non-small cell lung cancer
	ESTRO-ASTRO
	UK 
	GOECP/SEOR

	45-54 Gy in 3 fx, 48 Gy in 4 fx; Maximum hypofractionation supported, 30-34 Gy in 1 fx (90% support if choosing hypofractionation)
	Safe zone: 34 Gy in 1 fx
	Safe zone: 30-34 Gy, 1 fx (first option); 54 Gy in 3 fx

	
	Tumours within 2.5 cm of the Chest Wall: 48-54 Gy in 3 fx
	

	
	
	Peripheral lesions: 48 Gy in 4 fx (first option)

	
	Moderately central: 50 Gy in 5 fx
	

	
	
	Central tumour: 50-60 Gy in 5 fx, 60 Gy in 8 fx

	
	Ultra-central: 45-50 Gy in 4-5 fx, 60 Gy in 8 fx
	

	
	Central/ultra-central early stage tumours not suitable for stereotactic ablative radiotherapy: 50-60 Gy in 15 fx
	


ESTRO: European Society for Radiotherapy and Oncology; ASTRO: American Society for Radiation Oncology; GOECP: Oncologic Group for the Study of Lung Cancer; SEOR: Spanish Society of Radiation Oncology; UK: United Kingdom.
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