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 In favourable unresectable stage III NSCLC, SBRT may improve local regional control  Most studies report definitive tumor and nodal SBRT, or tumor SBRT boost  Across the studies, median OS span from 10 to 52 months and grade 4-5 AE from 0 to 13.3%  A biologically effective dose higher than 112.3 Gy may increase locoregional control  Future trials should detail their OAR dose constraints and include immune therapies Highlights (for review)

Introduction

Lung cancer is the leading cause of cancer death worldwide with an estimated 1.8 million deaths per year [START_REF] Sung | Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries[END_REF], mainly represented by non-small cell lung cancers (NSCLC).

Approximately one third of patients is diagnosed with locally advanced disease (LA) [START_REF] Morgensztern | Trends in Stage Distribution for Patients with Non-small Cell Lung Cancer: A National Cancer Database Survey[END_REF]. Many of these patients have unresectable disease or are medically inoperable. The definition of unresectable stage III NSCLC varies and may include technically resectable disease [START_REF] Postmus | Early and locally advanced non-small-cell lung cancer (NSCLC): ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF]. There is consensus that the overall survival (OS) of most patients is similar whether treated locally with surgery or radiotherapy. Because most patients with LA have tumor or lymph nodes invading and/ or abutting large blood vessels, the esophagus or large airways, standard fractionation doses of about 2 Gy to total doses of around 60 Gy have been given and are the current standard of care [START_REF] Bradley | Standard-dose versus high-dose conformal radiotherapy with concurrent and consolidation carboplatin plus paclitaxel with or without cetuximab for patients with stage IIIA or IIIB non-small-cell lung cancer (RTOG 0617): A randomised, two-by-two factorial phase 3 study[END_REF]. The addition of consolidative durvalumab has shown to improve the OS, with median OS increasing from 29.1 to 47.5 months, and an absolute 5-year OS gain of 9.5% [START_REF] Spigel | Five-Year Survival Outcomes From the PACIFIC Trial: Durvalumab After Chemoradiotherapy in Stage III Non-Small-Cell Lung Cancer[END_REF].

Nevertheless, local control (LC) remains challenging. Data prior to the durvalumab maintenance reported that local regional control was independently correlated to long-term survival [START_REF] Machtay | Defining Local-Regional Control and Its Importance in Locally Advanced Non-small Cell Lung Carcinoma[END_REF]. At the time of treatment, overall response rate currently remains between 50 and 70%, with less than 5% complete response [START_REF] Desilets | Durvalumab therapy following chemoradiation compared with a historical cohort treated with chemoradiation alone in patients with stage III non-small cell lung cancer: A real-world multicentre study[END_REF][START_REF] Girard | Treatment Characteristics and Real-World Progression-Free Survival in Patients With Unresectable Stage III NSCLC Who Received Durvalumab After Chemoradiotherapy: Findings From the PACIFIC-R Study[END_REF][START_REF] Huang | Real-world experience of consolidation durvalumab after concurrent chemoradiotherapy in stage III non-small cell lung cancer[END_REF][START_REF] Tsukita | Intensity-modulated radiation therapy with concurrent chemotherapy followed by durvalumab for stage III non-small cell lung cancer: A multi-center retrospective study[END_REF]. At 1 year, local-regional failure was reported around 15% [START_REF] Offin | Clinical outcomes, local-regional control and the role for metastasis-directed therapies in stage III non-small cell lung cancers treated with chemoradiation and durvalumab[END_REF]. The vast majority were in-field and marginal relapses (n=5/10 and n=4/10, respectively) and associated with distant progression (n=9/10) [START_REF] Offin | Clinical outcomes, local-regional control and the role for metastasis-directed therapies in stage III non-small cell lung cancers treated with chemoradiation and durvalumab[END_REF]. In patients who do not experience distant relapse, 10% and 35% will present in-field and out-of-field recurrence, respectively [START_REF] Faehling | Durvalumab after definitive chemoradiotherapy in locally advanced unresectable non-small cell lung cancer (NSCLC): Real-world data on survival and safety from the German expanded-access program (EAP)[END_REF]. Furthermore, in-field recurrence is associated with shorter OS (p<0.001) [START_REF] Taugner | Pattern-of-failure and salvage treatment analysis after chemoradiotherapy for inoperable stage III non-small cell lung cancer[END_REF].

Because of the improvement of RT techniques, increasing the dose may potentially be beneficial. Intensity-modulated radiotherapy (IMRT) is associated with fewer severe pneumonitis and lower cardiac doses [START_REF] Chun | Impact of intensity-modulated radiation therapy technique for locally advanced non-small-cell lung cancer: A secondary analysis of the NRG oncology RTOG 0617 randomized clinical trial[END_REF]. A higher normofractionated dose in a smaller and more conformal volume may improve LC and overall response rate in this indication [START_REF] Yuan | A randomized study of involved-field irradiation versus elective nodal irradiation in combination with concurrent chemotherapy for inoperable stage III nonsmall cell lung cancer[END_REF]. Stereotactic body radiation therapy (SBRT) allows an accurate high dose delivery in a short overall treatment time. In early-stage NSCLC, this translated into higher LC rate [START_REF] Ball | Stereotactic ablative radiotherapy versus standard radiotherapy in stage 1 non-small-cell lung cancer (TROG 09.02 CHISEL): a phase 3, open-label, randomised controlled trial[END_REF], reduced oesophageal toxicity and improved quality of life [START_REF] Nyman | SPACE -A randomized study of SBRT vs conventional fractionated radiotherapy in medically inoperable stage I NSCLC[END_REF]. It should be acknowledged that not only the radiation dose was higher in the SBRT arms, but also PTV margins were highly reduced. It may also be relevant to better spare organs at risk (OAR) since a quarter of patients will present intrathoracic-only recurrence [START_REF] Faehling | Durvalumab after definitive chemoradiotherapy in locally advanced unresectable non-small cell lung cancer (NSCLC): Real-world data on survival and safety from the German expanded-access program (EAP)[END_REF] and may receive a second course of RT, or another metastasis-directed therapy [START_REF] Katz | Stereotactic Body Radiation Therapy for the Treatment of Locally Recurrent and Oligoprogressive Non-Small Cell Lung Cancer: A Single Institution Experience[END_REF]. In addition to these potential advantages, the immunomodulatory effects of SBRT may also improve immunotherapy efficacy in locally advanced disease [START_REF] Trovo | Stereotactic body radiation therapy and intensity modulated radiation therapy induce different plasmatic cytokine changes in non-small cell lung cancer patients: a pilot study[END_REF][START_REF] Theelen | Effect of Pembrolizumab After Stereotactic Body Radiotherapy vs Pembrolizumab Alone on Tumor Response in Patients With Advanced Non-Small Cell Lung Cancer[END_REF]. Nevertheless, stage III NSCLC is a heterogeneous population in terms of tumor size, location, nodal involvement, and patient characteristics. Because of the potential to increase LC with reduced toxicity of SBRT compared to conventional radiotherapy, we systematically reviewed the literature of SBRT in stage III node-positive NSCLC.

Material and methods

Data sources and study selection

A systematic review of the literature was performed using PubMed, Scopus, Embase and Web of Science databases, following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement guidelines. The search was performed on October 11 th , 2022. Search terms included synonyms of, and words related to "lung cancer", "stereotactic body radiotherapy" and "stage III". Research was restricted to English and French languages but there was no restriction regarding the date of publication. The full search strategy is reported in Supplementary materials. In case of several publications for the same study, all were considered for this qualitative review.

Inclusion criteria were as follows: published articles or meeting abstracts; observational or interventional studies with or without control group; included patients >18 years, with stage III NSCLC considered non-surgical candidate by the authors; treated with curative intent external beam radiotherapy at least partially delivered by highly hypofractionated RT (defined as Dmax(PTV) ≥ 5 Gy); reported dose and fractionation; reported LC, time to local failure or local recurrence-free survival. Exclusion criteria were: letters and commentaries; cohorts not reporting data on any of the relevant outcomes; unclear disease staging; cohorts pooling results between various stages if stage III represented < 2/3 cases.

Abstracts screening and full-papers review were independently performed by 2 reviewers (BA and WW), and disagreements were addressed by discussion.

Data extraction

For study characteristics, first author, year of publication, study design, funding source and population overlap with another included study were extracted. For cohort characteristics, the number and proportion of stage III patients, inclusion and exclusion criteria, median followup, median age, tumor size, treatment characteristics of NFRT and SBRT, LC data, diseasefree survival (DFS) or metastatic-free survival (MFS), OS, and grade ≥3 (G≥3) toxicities according to the classification used in each study were extracted.

Quality assessment

The risk of bias of the final studies was examined by both reviewers using the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for Case Series [START_REF] Moola | Chapter 7: Systematic reviews of etiology and risk[END_REF]. Categories were judged by summing the results: < 60%, 60 to 80% and >80% yes was high risk, medium risk and low risk of bias, respectively.

Results

Identified studies and quality assessment

Databases search yielded 1788 unique citations. All titles and abstracts were retrieved and screened. Among the 28 records selected for full-text eligibility assessment, 18 met inclusion criteria [START_REF] Chi | Definitive upfront stereotactic ablative radiotherapy combined with image-guided, intensity modulated radiotherapy (IG-IMRT) or IG-IMRT alone for locally advanced non-small cell lung cancer[END_REF][START_REF] Salazar | Once-Weekly, High-Dose Stereotactic Body Radiotherapy for Lung Cancer: 6-Year Analysis of 60 Early-Stage, 42 Locally Advanced, and 7 Metastatic Lung Cancers[END_REF][START_REF] Feddock | Stereotactic body radiation therapy can be used safely to boost residual disease in locally advanced non-small cell lung cancer: A prospective study[END_REF][START_REF] Karam | Dose escalation with stereotactic body radiation therapy boost for locally advanced non small cell lung cancer[END_REF][START_REF] Hepel | Stereotactic Body Radiation Therapy Boost After Concurrent Chemoradiation for Locally Advanced Non-Small Cell Lung Cancer: A Phase 1 Dose Escalation Study[END_REF][START_REF] Kumar | An Update on Results Regarding a Prospective Study of SBRT for Post-chemoradiation Residual Disease in Stage II/III Non-small Cell Lung Cancer[END_REF][START_REF] Higgins | Concomitant Chemotherapy and Radiotherapy with SBRT Boost for Unresectable Stage III Non-Small Cell Lung Cancer: A Phase I Study[END_REF][START_REF] Kumar | Update of a Prospective Study of Stereotactic Body Radiation Therapy for Post-Chemoradiation Residual Disease in Stage II/III Non-Small Cell Lung Cancer[END_REF][START_REF] Doyen | Stereotactic ablative radiotherapy after concomitant chemoradiotherapy in non-small cell lung cancer: A TITE-CRM phase 1 trial[END_REF][START_REF] Martel-Lafay | Feasibility of Stereotactic Body Radiation Therapy on Unresectable Stage III NSCLC with Peripheral Primary Tumor: A Prospective Study (GFPC 01-14)[END_REF][START_REF] Kim | Feasibility of stereotactic radiotherapy for lung lesions and conventional radiotherapy for nodal areas in primary lung malignancies[END_REF][START_REF] Wang | Outcome study of cobalt based stereotactic body radiation therapy for patients with inoperable stage III non-small cell lung cancer[END_REF][START_REF] Cong | Outcomes and toxicity of stereotactic body radiation therapy for advanced stage ultra-central non-small cell lung cancer[END_REF][START_REF] Cong | Retrospective comparison of stereotactic body radiotherapy versus intensity-modulated radiotherapy for stage III ultra-central squamous non-small-cell lung cancer[END_REF][START_REF] Arcidiacono | PO-1021: Stereotactic radiotherapy for unresectable locally advanced non small cell lung cancer[END_REF][START_REF] Arcidiacono | PO-1268 SABR IN LA-NSCLC Elderly Patients Unfit To Concurrent Cht-Rt: Few Fractions For A Great Outcome![END_REF][START_REF] Kubicek | Stereotactic body radiotherapy and systemic dose chemotherapy for locally advanced lung cancer, single-arm phase II study[END_REF][START_REF] Kubicek | Stereotactic Body Radiotherapy and Systemic Dose Chemotherapy for Locally Advanced Lung Cancer: Single Arm Phase 2 Study[END_REF] (Figure 1). The characteristics of included studies are summarized in Table 1. They included 447 patients (range 3-49) and were mainly prospective (phase 2 trials, n=5; phase 1 trials and prospective cohorts, both n=3). Most reported SBRT series delivered a tumor boost after NFRT (n=5), or gave definitive tumor and nodal SBRT (n=7). None administered immune therapy. All but one studies presented medium (n=3) or low risk (n=14) of bias (Table 2). The remaining study was a communication abstract, and its results were subsequently completed [START_REF] Kumar | An Update on Results Regarding a Prospective Study of SBRT for Post-chemoradiation Residual Disease in Stage II/III Non-small Cell Lung Cancer[END_REF][START_REF] Kumar | Update of a Prospective Study of Stereotactic Body Radiation Therapy for Post-Chemoradiation Residual Disease in Stage II/III Non-Small Cell Lung Cancer[END_REF].

SBRT Boost after NFRT

Most included studies reported tumor and nodal NFRT followed by a SBRT boost to the primary tumor (n=5) or both tumor and nodes (n=3). This regimen allows for CCRT, with well-known efficacy and safety, while thereafter increasing the dose to the tumor.

In 5 publications, the SBRT boost was delivered to the primary tumor only, in 2 or 3 fractions [START_REF] Salazar | Once-Weekly, High-Dose Stereotactic Body Radiotherapy for Lung Cancer: 6-Year Analysis of 60 Early-Stage, 42 Locally Advanced, and 7 Metastatic Lung Cancers[END_REF][START_REF] Feddock | Stereotactic body radiation therapy can be used safely to boost residual disease in locally advanced non-small cell lung cancer: A prospective study[END_REF][START_REF] Kumar | An Update on Results Regarding a Prospective Study of SBRT for Post-chemoradiation Residual Disease in Stage II/III Non-small Cell Lung Cancer[END_REF][START_REF] Kumar | Update of a Prospective Study of Stereotactic Body Radiation Therapy for Post-Chemoradiation Residual Disease in Stage II/III Non-Small Cell Lung Cancer[END_REF][START_REF] Doyen | Stereotactic ablative radiotherapy after concomitant chemoradiotherapy in non-small cell lung cancer: A TITE-CRM phase 1 trial[END_REF]. Salazar et al. delivered 22.5Gy in 3 fractions (biologically equivalent dose with alpha/beta ratio of 10 (BED10), 92.5 Gy) in patients who could safely receive SBRT after 45 Gy NFRT [START_REF] Salazar | Once-Weekly, High-Dose Stereotactic Body Radiotherapy for Lung Cancer: 6-Year Analysis of 60 Early-Stage, 42 Locally Advanced, and 7 Metastatic Lung Cancers[END_REF]. They achieved a median OS (mOS) of 15 months [START_REF] Salazar | Once-Weekly, High-Dose Stereotactic Body Radiotherapy for Lung Cancer: 6-Year Analysis of 60 Early-Stage, 42 Locally Advanced, and 7 Metastatic Lung Cancers[END_REF]. 110Gy) in patients with tumor ≤5cm and without persistent nodal disease after NFRT [START_REF] Feddock | Stereotactic body radiation therapy can be used safely to boost residual disease in locally advanced non-small cell lung cancer: A prospective study[END_REF][START_REF] Kumar | An Update on Results Regarding a Prospective Study of SBRT for Post-chemoradiation Residual Disease in Stage II/III Non-small Cell Lung Cancer[END_REF][START_REF] Kumar | Update of a Prospective Study of Stereotactic Body Radiation Therapy for Post-Chemoradiation Residual Disease in Stage II/III Non-Small Cell Lung Cancer[END_REF]. They achieved a mOS of 27.6 and 15.6 months in stage II-IIIA and stage IIIB, respectively [START_REF] Feddock | Stereotactic body radiation therapy can be used safely to boost residual disease in locally advanced non-small cell lung cancer: A prospective study[END_REF][START_REF] Kumar | An Update on Results Regarding a Prospective Study of SBRT for Post-chemoradiation Residual Disease in Stage II/III Non-small Cell Lung Cancer[END_REF][START_REF] Kumar | Update of a Prospective Study of Stereotactic Body Radiation Therapy for Post-Chemoradiation Residual Disease in Stage II/III Non-Small Cell Lung Cancer[END_REF] and reported 14.3% G≥3 radiation pneumonitis (RP) and 5.7% late haemoptysis (n=2/35). Doyen et al. reported similar results in a dose-escalation phase I trial, with median tumor size at SBRT of 39.5mm and a median of 1 N2 station involved. After 46 Gy-NFRT, they concluded that 33 Gy in 3 fractions is safe and can be recommended, which achieves an overall BED10 of 110.6 Gy [START_REF] Doyen | Stereotactic ablative radiotherapy after concomitant chemoradiotherapy in non-small cell lung cancer: A TITE-CRM phase 1 trial[END_REF]. One patient in 3x12Gy group and another one in 3x11Gy group presented grade 5 haemoptysis and grade 4 oesophageal fistula, respectively.

To increase dose on the whole gross disease, a few publications performed SBRT boost on both primary tumor and involved nodes in case of limited and favourable nodal locations. In patients with tumor volume <120cc and node volume <60 cc after NFRT, Hepel et al. reported higher locoregional control when SBRT dose ≥ 24 Gy in 2 fractions (BED10 ≥ 112.3 Gy; 1y-LC 100% vs 50%, p=0.02) [START_REF] Hepel | Stereotactic Body Radiation Therapy Boost After Concurrent Chemoradiation for Locally Advanced Non-Small Cell Lung Cancer: A Phase 1 Dose Escalation Study[END_REF]. After 44 Gy NFRT, Higgins et al. reported that the maximum tolerated dose was 30 Gy in 5 fractions (BED10 100.8 Gy) [START_REF] Higgins | Concomitant Chemotherapy and Radiotherapy with SBRT Boost for Unresectable Stage III Non-Small Cell Lung Cancer: A Phase I Study[END_REF]. However, since it led to 3 doselimiting toxicities, they recommended 2 fractions of 10 Gy (BED10 92.8 Gy) [START_REF] Higgins | Concomitant Chemotherapy and Radiotherapy with SBRT Boost for Unresectable Stage III Non-Small Cell Lung Cancer: A Phase I Study[END_REF]. Most of the included patients had 2 (53%) N1-N2 stations involved, with a small primary tumor (median, 2.7cm). In these dose-escalation phase I trials, radiation doses to the mediastinum have been reported to induce 8-15% of lethal AE [START_REF] Hepel | Stereotactic Body Radiation Therapy Boost After Concurrent Chemoradiation for Locally Advanced Non-Small Cell Lung Cancer: A Phase 1 Dose Escalation Study[END_REF][START_REF] Higgins | Concomitant Chemotherapy and Radiotherapy with SBRT Boost for Unresectable Stage III Non-Small Cell Lung Cancer: A Phase I Study[END_REF]. Nevertheless, these toxicities were experienced in absence of dose constraints to the proximal bronchovascular tree, and in the high-dose groups. In contrast, in patients with median tumoral diameter of 5 cm (range 2.4-9.5 cm) mostly staged N2 (63%), Karam et al. did not observe any late grade 4-5 AE after 5x5 Gy [START_REF] Karam | Dose escalation with stereotactic body radiation therapy boost for locally advanced non small cell lung cancer[END_REF]. This may have been underestimated by the short median follow-up of 14 months [START_REF] Karam | Dose escalation with stereotactic body radiation therapy boost for locally advanced non small cell lung cancer[END_REF].

Sequential tumor SBRT and nodal NFRT

Two other trials evaluated sequential full-dose tumor SBRT and nodal-only NFRT. The main advantage of this strategy is to perform ablative dose on the tumor while limiting hypofractionation and its severe toxicity risks to mediastinal structures. In a phase 2 trial including peripheral tumors ≤ 5cm, Martel-Lafay et al. performed standard dose nodal CCRT, followed by 54Gy in 3 fractions tumor SBRT (BED10 151.2Gy) [START_REF] Martel-Lafay | Feasibility of Stereotactic Body Radiation Therapy on Unresectable Stage III NSCLC with Peripheral Primary Tumor: A Prospective Study (GFPC 01-14)[END_REF]. They achieved a promising mOS of 51.6 months, with only one grade 3 RP. Nevertheless, the patients were highly selected, having a performance status of 0-1, presenting primary tumor of 10 to 36 mm (median, 19 mm) peripherally located, without progression after CCRT and without G≥3 toxicity. The main advantage is to perform the ablative dose soon before IO initiation.

Nevertheless, the primary tumor was treated only by chemotherapy during the first weeks.

On the other hand, two retrospective studies reported an inverted sequence associating 4-fraction primary tumor SBRT followed by nodal NFRT. In 3 patients of their larger NSCLC cohort, Chi et al. observed neither local failure or death at 2 years, nor G≥3 AE [START_REF] Chi | Definitive upfront stereotactic ablative radiotherapy combined with image-guided, intensity modulated radiotherapy (IG-IMRT) or IG-IMRT alone for locally advanced non-small cell lung cancer[END_REF]. In patients with small, isolated lesion (GTV, median 6.4cc) distant from the nodal involvement, Kim et al.

performed tumoral SBRT and 60 Gy nodal NFRT thereafter [START_REF] Kim | Feasibility of stereotactic radiotherapy for lung lesions and conventional radiotherapy for nodal areas in primary lung malignancies[END_REF]. They achieved good local and distant results at 2 years with few grade 3-4 AE (n=3/21).

Definitive SBRT

After these first positive signals, definitive SBRT on both primary tumor and involved nodes was evaluated [START_REF] Wang | Outcome study of cobalt based stereotactic body radiation therapy for patients with inoperable stage III non-small cell lung cancer[END_REF][START_REF] Cong | Outcomes and toxicity of stereotactic body radiation therapy for advanced stage ultra-central non-small cell lung cancer[END_REF][START_REF] Cong | Retrospective comparison of stereotactic body radiotherapy versus intensity-modulated radiotherapy for stage III ultra-central squamous non-small-cell lung cancer[END_REF][START_REF] Arcidiacono | PO-1021: Stereotactic radiotherapy for unresectable locally advanced non small cell lung cancer[END_REF][START_REF] Arcidiacono | PO-1268 SABR IN LA-NSCLC Elderly Patients Unfit To Concurrent Cht-Rt: Few Fractions For A Great Outcome![END_REF][START_REF] Kubicek | Stereotactic body radiotherapy and systemic dose chemotherapy for locally advanced lung cancer, single-arm phase II study[END_REF][START_REF] Kubicek | Stereotactic Body Radiotherapy and Systemic Dose Chemotherapy for Locally Advanced Lung Cancer: Single Arm Phase 2 Study[END_REF]. Most trials performed altered SBRT regimens to compensate the contraindication or non-eligibility for concurrent chemotherapy [START_REF] Wang | Outcome study of cobalt based stereotactic body radiation therapy for patients with inoperable stage III non-small cell lung cancer[END_REF][START_REF] Cong | Outcomes and toxicity of stereotactic body radiation therapy for advanced stage ultra-central non-small cell lung cancer[END_REF][START_REF] Cong | Retrospective comparison of stereotactic body radiotherapy versus intensity-modulated radiotherapy for stage III ultra-central squamous non-small-cell lung cancer[END_REF][START_REF] Arcidiacono | PO-1021: Stereotactic radiotherapy for unresectable locally advanced non small cell lung cancer[END_REF][START_REF] Arcidiacono | PO-1268 SABR IN LA-NSCLC Elderly Patients Unfit To Concurrent Cht-Rt: Few Fractions For A Great Outcome![END_REF]. In these unfit populations with median age of 63 to 73 years, they reported limited mOS of 10 to 22 months. [START_REF] Wang | Outcome study of cobalt based stereotactic body radiation therapy for patients with inoperable stage III non-small cell lung cancer[END_REF][START_REF] Arcidiacono | PO-1021: Stereotactic radiotherapy for unresectable locally advanced non small cell lung cancer[END_REF][START_REF] Arcidiacono | PO-1268 SABR IN LA-NSCLC Elderly Patients Unfit To Concurrent Cht-Rt: Few Fractions For A Great Outcome![END_REF]. Nevertheless, Cong et al.

Wang et al. and Arciadiacono et al. observed no G≥3 AE

reported two patients with previous coronary disease who have died of heart failure and myocardial infarction, possibly related to SBRT, while one patient experienced G3 RP [START_REF] Cong | Outcomes and toxicity of stereotactic body radiation therapy for advanced stage ultra-central non-small cell lung cancer[END_REF][START_REF] Cong | Retrospective comparison of stereotactic body radiotherapy versus intensity-modulated radiotherapy for stage III ultra-central squamous non-small-cell lung cancer[END_REF].

Since a majority of patients will fail because of distant metastases [START_REF] Spigel | Five-Year Survival Outcomes From the PACIFIC Trial: Durvalumab After Chemoradiotherapy in Stage III Non-Small-Cell Lung Cancer[END_REF][START_REF] Bradley | Long-Term Results of NRG Oncology RTOG 0617: Standard-Versus High-Dose Chemoradiotherapy With or Without Cetuximab for Unresectable Stage III Non-Small-Cell Lung Cancer[END_REF], the hypothesis was made that combining both chemotherapy and definitive SBRT may be beneficial in fit patients. Kubicek et al. recently performed definitive SBRT and 4 cycles of full-dose chemotherapy in patients with tumor <8cm (median, 4.5cm) and 3 or fewer involved nodes (median, n=1) [START_REF] Kubicek | Stereotactic body radiotherapy and systemic dose chemotherapy for locally advanced lung cancer, single-arm phase II study[END_REF][START_REF] Kubicek | Stereotactic Body Radiotherapy and Systemic Dose Chemotherapy for Locally Advanced Lung Cancer: Single Arm Phase 2 Study[END_REF]. It has to be noted that the dose to lymph nodes was reduced to 40-50 Gy in 5 fractions. Critical mediastinal OAR should not receive >105% of dose, with specific dose constraints to non-adjacent walls of esophagus (5mL <27.5Gy), great vessels (10mL <47Gy) and trachea (4mL <18Gy). They achieved a mOS of 27.2 months with 100% LC and 19% regional nodal failure at 2 years. Two (9.1%) patients experienced late G≥3 AE, including one (4.5%) G5 haemoptysis.

Discussion

Despite significant progress in the management of locally advanced NSCLC, LC remains to be improved. A relevant way could be to use the technical innovations of RT and integrate SBRT into the management of these patients, either instead of, or in addition to, NFRT. This recent modality of treatment achieves higher dose in smaller and more conformal volumes, while decreasing treatment duration and its logistical burden for both patients and caregivers. Our review highlights that various treatment sequences, doses and volumes may be considered in stage III NSCLC patients with tumor <5 cm, with promising long-term results.

Contrasting with other schedules, standard nodal CCRT followed by full dose tumoral SBRT achieved a mOS of 52 months [START_REF] Martel-Lafay | Feasibility of Stereotactic Body Radiation Therapy on Unresectable Stage III NSCLC with Peripheral Primary Tumor: A Prospective Study (GFPC 01-14)[END_REF]. The mOS varied widely, mostly from 10 to 28 months, due to the heterogeneity of the included populations and according to treatment regimens. These results are similar to what is expected in this situation, with a mOS of 29.1 months of the selected population of the PACIFIC trial CCRT group [START_REF] Spigel | Five-Year Survival Outcomes From the PACIFIC Trial: Durvalumab After Chemoradiotherapy in Stage III Non-Small-Cell Lung Cancer[END_REF]. Most have been shown to be very well tolerated. Nevertheless, grade 5 toxicity rate was observed, mainly in comorbid patients or in absence of dose constraints on proximal bronchovascular tree during mediastinal SBRT, but usually remained <5% even in those cases. A decision tree can be suggested (Figure 2), based on inclusion criteria, on dose and volumes of published phase I and II trials. Since trials evaluating SBRT boost reported various inclusion criteria, with important dose and volume heterogeneity, no clear recommendation can be made whether to perform this additional dose on primary tumor only or on involved nodes as well. These high dose treatments should therefore be conducted in experienced centers, preferably in clinical trials, and with a riskadapted fractionation strategy.

Focus may particularly be on increasing control of the primary tumor since primary local failures are twice as frequent as regional recurrences [START_REF] Schytte | Pattern of loco-regional failure after definitive radiotherapy for non-small cell lung cancer[END_REF][START_REF] Van Diessen | Differential analysis of local and regional failure in locally advanced non-small cell lung cancer patients treated with concurrent chemoradiotherapy[END_REF]. Mediastinal SBRT can lead to significant lethal AE [START_REF] Lodeweges | Ultra-central lung tumors: safety and efficacy of protracted stereotactic body radiotherapy[END_REF][START_REF] Mihai | Late Toxicity and Long-Term Local Control in Patients With Ultra-Central Lung Tumours Treated by Intensity-Modulated Radiotherapy-Based Stereotactic Ablative Body Radiotherapy With Homogenous Dose Prescription[END_REF], particularly in this population with important overall target volume [START_REF] Hepel | Stereotactic Body Radiation Therapy Boost After Concurrent Chemoradiation for Locally Advanced Non-Small Cell Lung Cancer: A Phase 1 Dose Escalation Study[END_REF][START_REF] Higgins | Concomitant Chemotherapy and Radiotherapy with SBRT Boost for Unresectable Stage III Non-Small Cell Lung Cancer: A Phase I Study[END_REF]. To avoid these critical AE, dose constraints must be predefined on proximal bronchovascular tree [START_REF] Hepel | Stereotactic Body Radiation Therapy Boost After Concurrent Chemoradiation for Locally Advanced Non-Small Cell Lung Cancer: A Phase 1 Dose Escalation Study[END_REF][START_REF] Higgins | Concomitant Chemotherapy and Radiotherapy with SBRT Boost for Unresectable Stage III Non-Small Cell Lung Cancer: A Phase I Study[END_REF][START_REF] Diez | UK 2022 Consensus on Normal Tissue Dose-Volume Constraints for Oligometastatic, Primary Lung and Hepatocellular Carcinoma Stereotactic Ablative Radiotherapy[END_REF]. In case of SBRT boost, dose summation should be done for considering the different fractionations and without underestimating the biological delivered dose, scaling each dose to equivalent dose in 2 Gy fraction (EQD2) or BED.

In early-stage NSCLC, increasing radiation dose to BED10 >100 Gy improves local control and prognosis [START_REF] Guckenberger | Safety and Efficacy of Stereotactic Body Radiotherapy for Stage I Non-Small-Cell Lung Cancer in Routine Clinical Practice: A Patterns-of-Care and Outcome Analysis[END_REF][START_REF] Dworzecki | Stereotactic radiotherapy (SBRT) as a sole or salvage therapy in non-small cell lung cancer patients[END_REF]. A dose-threshold of BED10 > 112.3Gy has been reported in stage III disease [START_REF] Hepel | Stereotactic Body Radiation Therapy Boost After Concurrent Chemoradiation for Locally Advanced Non-Small Cell Lung Cancer: A Phase 1 Dose Escalation Study[END_REF]. Nevertheless, a dose-response relationship is not as clear when performing moderately hypofractionated or normofractionated RT. A recent meta-analysis of randomized controlled trials (RCT) reported that higher RT doses were associated with poorer survival in case of concurrent chemotherapy [START_REF] Ramroth | Dose and Fractionation in Radiation Therapy of Curative Intent for Non-Small Cell Lung Cancer: Meta-Analysis of Randomized Trials[END_REF]. This negative correlation may be due, at least in part, to the increased side effects. In RTOG 0617 dose escalation trial, high-volume centers achieved significantly longer PFS and OS compared to low-volume centers (11.4 vs 9.7 months, and 26.2 vs 19.8 months, respectively) [START_REF] Lou | Differences in Patterns of Recurrence in Early-Stage Versus Locally Advanced Non-Small Cell Lung Cancer[END_REF]. Therefore, these higher dose treatments should be conducted in experienced centers. On the other hand, in absence of chemotherapy a positive association between higher RT dose and OS was observed (median survival ratio 1.13; 95%CI 1.04-1.22) [START_REF] Ramroth | Dose and Fractionation in Radiation Therapy of Curative Intent for Non-Small Cell Lung Cancer: Meta-Analysis of Randomized Trials[END_REF]. This less pronounced dose-response relationship in advanced-compared to early-stage disease may also be due to their specific pattern of recurrence. Indeed, stage I-II diseases present fewer recurrence and a lower propensity for distant relapse [START_REF] Lou | Differences in Patterns of Recurrence in Early-Stage Versus Locally Advanced Non-Small Cell Lung Cancer[END_REF]. These important differences can explain the central role of local control through delivering higher dose in early-stage disease.

On top of the efficacy, steeper dose-gradient and smaller treated volumes with SBRT may better preserve OAR. In early-stage NSCLC, the SPACE randomized trial reported fewer RP (19% vs 34%) and esophagitis (8 vs 30%) after SBRT than after CCRT [START_REF] Nyman | SPACE -A randomized study of SBRT vs conventional fractionated radiotherapy in medically inoperable stage I NSCLC[END_REF]. Furthermore, evidence is emerging suggesting that lymphopenia negatively affect prognosis [START_REF] Abravan | Radiotherapy-Related Lymphopenia Affects Overall Survival in Patients With Lung Cancer[END_REF][START_REF] Chen | Interaction between lymphopenia, radiotherapy technique, dosimetry, and survival outcomes in lung cancer patients receiving combined immunotherapy and radiotherapy[END_REF][START_REF] Friedes | Association of severe lymphopenia and disease progression in unresectable locally advanced non-small cell lung cancer treated with definitive chemoradiation and immunotherapy[END_REF] and may be reduced when limiting bone marrow and circulating blood irradiation [START_REF] Abravan | Radiotherapy-Related Lymphopenia Affects Overall Survival in Patients With Lung Cancer[END_REF]. By limiting dose to these unusual thoracic OAR, SBRT limits severe lymphopenia [START_REF] Chen | Interaction between lymphopenia, radiotherapy technique, dosimetry, and survival outcomes in lung cancer patients receiving combined immunotherapy and radiotherapy[END_REF] and may improve prognosis compared to conventional RT.

A prerequisite to increase treatment conformity is accurate target volume definition. PET/CT not only allows this more precise delineation but also reduces interobserver variability, particularly in case of atelectasis or central location [START_REF] Steenbakkers | Reduction of observer variation using matched CT-PET for lung cancer delineation: A three-dimensional analysis[END_REF][START_REF] Fitton | Impact of Anatomical Location on Value of CT-PET Co-Registration for Delineation of Lung Tumors[END_REF], and improve nodal and metastatic staging [START_REF] Schmidt-Hansen | PET-CT for assessing mediastinal lymph node involvement in patients with suspected resectable non-small cell lung cancer[END_REF][START_REF] Li | Meta-analysis: Accuracy of 18FDG PET-CT for distant metastasis staging in lung cancer patients[END_REF]. PET PLAN, a RCT, showed the non-inferiority of isotoxic dose escalation in pre-treatment FDG-PET selected volume compared to conventional CT-based strategy [START_REF] Nestle | Imaging-based target volume reduction in chemoradiotherapy for locally advanced non-small-cell lung cancer (PET-Plan): a multicentre, open-label, randomised, controlled trial[END_REF].

This metabolic-based method tended to reduce local regional failure (2-year rate: 20% vs 39%, respectively) [START_REF] Nestle | Imaging-based target volume reduction in chemoradiotherapy for locally advanced non-small-cell lung cancer (PET-Plan): a multicentre, open-label, randomised, controlled trial[END_REF]. In the PET-boost trial, patients received 66 Gy in 24 fractions, with a randomization of simultaneous integrated boost ≥72Gy either on the entire tumor or to the 50% maximum standardized uptake value area on pretreatment PET/CT [START_REF] Van Diessen | The acute and late toxicity results of a randomized phase II dose-escalation trial in non-small cell lung cancer (PET-boost trial)[END_REF]. This strategy led to higher LC but increased severe AE, with 9 (11.7%) grade 5 haemoptysis and oesophageal fistulae.

Per-and post-treatment persistent metabolic activity may also be associated with poorer outcomes [START_REF] Markovina | Regional Lymph Node Uptake of [18F]Fluorodeoxyglucose After Definitive Chemoradiation Therapy Predicts Local-Regional Failure of Locally Advanced Non-Small Cell Lung Cancer: Results of ACRIN 6668/RTOG 0235[END_REF][START_REF] Usmanij | 18F-FDG PET early response evaluation of locally advanced non-small cell lung cancer treated with concomitant chemoradiotherapy[END_REF]. PET/CT can thus be a surrogate of radioresistant area to perform a radiation boost on per-treatment FDG-avid volume. This strategy was reported by Kong et al. first in a single arm and then in a randomized phase II trials [START_REF] Kong | Effect of Midtreatment PET/CT-Adapted Radiation Therapy With Concurrent Chemotherapy in Patients With Locally Advanced Non-Small-Cell Lung Cancer[END_REF][START_REF] Kong | OA02.04 Randomized Phase Ⅱ Trial (RTOG1106) on Midtreatment PET/CT Guided Adaptive Radiotherapy in Locally Advanced Non-Small Cell Lung Cancer[END_REF]. They escalated dose up to 80 Gy in 30 fractions on residual tumor on mid-treatment FDG-PET, with median pre-treatment GTV of 98cc (range 6-597). However, the adaptive treatment did not significantly increase OS, PFS or local-regional tumor progression free survival [START_REF] Kong | OA02.04 Randomized Phase Ⅱ Trial (RTOG1106) on Midtreatment PET/CT Guided Adaptive Radiotherapy in Locally Advanced Non-Small Cell Lung Cancer[END_REF]. Another comparison of FDG-PET/CTadapted radiotherapy with standard regimen is ongoing in RTEP7 randomized phase II-III trial (NCT02473133). In this trial, dose is escalated to 74 Gy on the persistent FDG-avid volume at 42 Gy during CCRT.

In addition to improving volume selection, SBRT may be of particular interest to some selected subpopulations. First, this highly accurate technique can be performed even in presence of severe impaired lung function [START_REF] Guckenberger | Is There a Lower Limit of Pretreatment Pulmonary Function for Safe and Effective Stereotactic Body Radiotherapy for Early-Stage Non-small Cell Lung Cancer?[END_REF]. Second, in elderly or comorbid patients that are ineligible to sequential or CCRT [START_REF] Aupérin | Concomitant radio-chemotherapy based on platin compounds in patients with locally advanced non-small cell lung cancer (NSCLC): A meta-analysis of individual data from 1764 patients[END_REF], SBRT might compensate the local regional loss of disease control.

In a meta-analysis of RCT, it was reported that in absence of chemotherapy a higher RT dose improved OS [START_REF] Ramroth | Dose and Fractionation in Radiation Therapy of Curative Intent for Non-Small Cell Lung Cancer: Meta-Analysis of Randomized Trials[END_REF]. There was no upper dose threshold above which there was no further benefit. More than just a volume selection, the better understanding of the molecular tumor biology may improve patient selection. A non-randomized phase 2 trial reported that patients with hypoxic tumors, defined as 18F-fluoromisonidazole PET/CT-positive, have shorter PFS and OS [START_REF] Vera | Radiotherapy boost in patients with hypoxic lesions identified by 18F-FMISO PET/CT in non-small-cell lung carcinoma: can we expect a better survival outcome without toxicity? [RTEP5 long-term follow-up[END_REF]. However, spatial dose adaptation using RT boost on hypoxic areas did not improve the prognosis. It has recently been reported that mutations of KEAP1-NFE2L2 [START_REF] Jeong | Role of KEAP1/NRF2 and TP53 mutations in lung squamous cell carcinoma development and radiation resistance[END_REF][START_REF] Binkley | KEAP1/NFE2L2 Mutations Predict Lung Cancer Radiation Resistance That Can Be Targeted by Glutaminase Inhibition[END_REF][START_REF] Gopal | The mutational landscape of cancer's vulnerability to ionizing radiation[END_REF] or KRAS [START_REF] Gopal | The mutational landscape of cancer's vulnerability to ionizing radiation[END_REF][START_REF] Yagishita | Impact of KRAS mutation on response and outcome of patients with stage III non-squamous non-small cell lung cancer[END_REF][START_REF] Gurtner | Radioresistance of KRAS/TP53-mutated lung cancer can be overcome by radiation dose escalation or EGFR tyrosine kinase inhibition in vivo[END_REF][START_REF] Wang | Radiation Resistance in KRAS-Mutated Lung Cancer Is Enabled by Stem-like Properties Mediated by an Osteopontin-EGFR Pathway[END_REF], and high NOTCH activity [START_REF] Theys | High NOTCH activity induces radiation resistance in non small cell lung cancer[END_REF] confer poorer prognosis and a radioresistant phenotype. The latter may be overcome by higher radiation dose [START_REF] Gurtner | Radioresistance of KRAS/TP53-mutated lung cancer can be overcome by radiation dose escalation or EGFR tyrosine kinase inhibition in vivo[END_REF]. Nevertheless, preclinical data suggest that KRAS-mutated tumors may present greater radioresistance at higher doses [START_REF] Gopal | The mutational landscape of cancer's vulnerability to ionizing radiation[END_REF]. Other prognostic factors predictive of treatment response are emerging, such as tumor aneuploidy [START_REF] Spurr | Highly aneuploid non-small cell lung cancer shows enhanced responsiveness to concurrent radiation and immune checkpoint blockade[END_REF], activation of the serine/glycine biosynthesis pathway [START_REF] Geeraerts | The ins and outs of serine and glycine metabolism in cancer[END_REF][START_REF] Sánchez-Castillo | Linking Serine/Glycine Metabolism to Radiotherapy Resistance[END_REF] and proteomebased classification [START_REF] Mirhadi | Integrative analysis of non-small cell lung cancer patient-derived xenografts identifies distinct proteotypes associated with patient outcomes[END_REF]. To improve treatment-personalization, a 10-gene-expression-based radiation-sensitivity index was developed to derive individual genomic adjusted radiation dose (GARD) [START_REF] Scott | A genome-based model for adjusting radiotherapy dose (GARD): a retrospective, cohort-based study[END_REF]. This may identify patients who could benefit from highly hypofractionated dose escalation [START_REF] Scott | Personalizing Radiotherapy Prescription Dose Using Genomic Markers of Radiosensitivity and Normal Tissue Toxicity in NSCLC[END_REF]. In parallel, development of image-based deep learning may predict LC to optimize RT dose prescription [START_REF] Lou | An image-based deep learning framework for individualising radiotherapy dose: a retrospective analysis of outcome prediction[END_REF]. Combining multiple "omic" approaches will probably improve efficacy and safety prediction [START_REF] Cui | Integrating Multiomics Information in Deep Learning Architectures for Joint Actuarial Outcome Prediction in Non-Small Cell Lung Cancer Patients After Radiation Therapy[END_REF].

Consolidation durvalumab is now a standard of care [START_REF] Antonia | Overall Survival with Durvalumab after Chemoradiotherapy in Stage III NSCLC[END_REF] and its efficacy may be improved if initiated early after NFRT [START_REF] Spigel | Five-Year Survival Outcomes From the PACIFIC Trial: Durvalumab After Chemoradiotherapy in Stage III Non-Small-Cell Lung Cancer[END_REF][START_REF] Dovedi | Acquired Resistance to Fractionated Radiotherapy Can Be Overcome by Concurrent PD-L1 Blockade[END_REF]. Nevertheless, plasmatic cytokine changes are different after SBRT and IMRT, which could lead to a different immune response [START_REF] Trovo | Stereotactic body radiation therapy and intensity modulated radiation therapy induce different plasmatic cytokine changes in non-small cell lung cancer patients: a pilot study[END_REF]. An important issue is that none of the reviewed trials administered consolidation durvalumab, thus an optimal timing cannot be formally recommended. Nevertheless, since synergistic association has already been reported between SBRT and IO [START_REF] Theelen | Effect of Pembrolizumab After Stereotactic Body Radiotherapy vs Pembrolizumab Alone on Tumor Response in Patients With Advanced Non-Small Cell Lung Cancer[END_REF][START_REF] Sharabi | Radiation and checkpoint blockade immunotherapy: radiosensitisation and potential mechanisms of synergy[END_REF], we suggest that regimes delivering tumor SBRT shortly before durvalumab initiation should be preferred. A promising and original hybrid regimen has been proposed by Peulen et al. [START_REF] Peulen | SBRT combined with concurrent chemoradiation in stage III NSCLC: Feasibility study of the phase I Hybrid trial[END_REF]. After 21 fractions of 2.42 Gy (60 Gy equivalent dose in 2 Gy fractions), they reported the dosimetric feasibility of performing 3 more fractions on the nodes with a simultaneous integrated boost of 3x18Gy SBRT on the primary tumor.

Further studies are needed to clarify the place of SBRT in stage III NSCLC. First, comparisons with the standard normofractionated regimen are still needed, particularly for nodal irradiation. To the best of our knowledge, no phase III trial are ongoing. Second, durvalumab maintenance after CCRT is the new standard of care in this clinical scenario [START_REF] Faivre-Finn | Four-Year Survival With Durvalumab After Chemoradiotherapy in Stage III NSCLC-an Update From the PACIFIC Trial[END_REF]. However, to date, no publication reported efficacy and safety of SBRT in this setting. Results of an ongoing single-arm phase II trial (NCT03589547) are awaited. They evaluate the benefit of a 2-fractions SBRT consolidation at the beginning of the durvalumab maintenance.

Nevertheless, systemic treatment may continue to evolve. The COAST phase II trial recently reported that the addition of oleclumab or monalizumab (anti-CD73 and anti-NKG2A, respectively) may improve PFS (HR <0.45) compared to the PACIFIC regimen alone. PACIFIC-9 (NCT05221840) will further evaluate these combinations in a phase III trial. Future trials evaluating innovative systemic combinations [START_REF] De Ruysscher | CheckMate 73L: A Phase 3 Study Comparing Nivolumab Plus Concurrent Chemoradiotherapy Followed by Nivolumab With or Without Ipilimumab Versus Concurrent Chemoradiotherapy Followed by Durvalumab for Previously Untreated, Locally Advanced Stage III Non-Small-Cell Lung Cancer[END_REF] should also consider the opportunity to include a radiotherapy experimental part.

Conclusion

Unresectable stage III NSCLC patients with tumor < 5cm may safely be treated using SBRT either instead of, or in addition to, NFRT. Biologically effective dose should be higher than 112.3 Gy, and dose constraints to proximal bronchovascular tree and oesophagus should be strictly respected. Further studies are needed to include immunotherapy (ie durvalumab) maintenance. At the same time, including SBRT in future trials of systemic treatment may be considered. 
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 1 Characteristics of included studies ChT, chemotherapy; CCRT, chemoradiotherapy; IDL, isodose line; LC, local control; LRFS, local recurrence-free survival; Meeting., meeting abstract; mFU, median follow-up; N, node(s); NFRT, normofractionated radiation therapy; NSCLC, non-small cell lung cancer; ORR, overall response rate; OS, overall survival; Prospec., prospective; Retro., retrospective; RP, radiation pneumonitis; SBRT, stereotactic body radiation therapy;

	Reference	Design	N	mFU ChT	NFRT	Interval	SBRT			LC	OS	Tox G≥3	Restrictions
						dose /	NFRT-	Prior	Target Dose / #				
						#	SBRT	PET-CT						
	SBRT Boost after NFRT												
	Salazar et al.,	Retro.	30	44	No	45 Gy	NA	No	T	22.5Gy / 3#	73% (IIIA),	Median: 15	No G≥3 toxicity	-
	2008 [23]					/ 25#				(70%-IDL)	47% (IIIB)	months		
	Feddock et	Prospec. 35	13	Yes	59.4	2	Yes	T	Periph.: 20Gy / 2#	82.9%	NA	N=5 G3 RP	T ≤5cm and no
	al., 2013 [24]					Gy /	months			Medial: 19,5Gy /			N=2 late G5	persistent node
	†					33#				3#			haemoptysis	after NFRT
	Karam et al.,	Retro.	16	14	Yes	50.4	20 days No	T&N	25Gy / 5#	At 1y: 76% At 1y: 78% No G4-5 toxicity	-
	2013 [25]					Gy /								
						28#								
	Hepel et al.,	Phase 1	12	15.5 Yes	50.4	7-30	No	T&N	16-28Gy / 2#	At 1y: 78% At 1y: 67% N=1 late G5	T <120cc and
	2016 [26]	(n=2				Gy /	days						haemoptysis	N<60cc after
		centers)				28#								NFRT
	Kumar et al.,	Prospec.	43	15	Yes	59.4	NA	Yes	T	Periph.: 20Gy / 2#	76.7%	Median:	NA	T ≤5cm and no
	2016 [27] †	Meeting				Gy /				Medial: 19,5Gy /		26.5 (IIIA)		persistent node
						33#				3#		and 17.4		after NFRT

≤ 3 N+ † Updated: Kumar et al., 2017; ‡ Population overlap; * among the 29 patients treated by image-guided radiotherapy ; ⁑ Updated: Kubicek et al., 2022 Abbreviations: #, fractions;

Table 2 .

 2 Quality assessment of included studies using Joanna Briggs Institute Critical Appraisal Checklist for Case Series
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