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Abstract

:

Simple Summary


Surgery or conventional radical radiotherapy are established curative treatment options for patients with localised, stage I non-small-cell lung cancer (NSCLC). Another option, stereotactic ablative body radiotherapy (SABR), has emerged over the last decade. We sought to understand the impact of the introduction of SABR at our institute by investigating outcomes in 1143 patients diagnosed with stage I NSCLC between 2012–2019. We find that clinical factors such as age, fitness and the presence of other significant health problems (i.e., comorbidities) correlated with treatment choice. For example, younger, fitter and less comorbid patients were more likely to be treated with surgery. Similar to other studies in this area, we find that the introduction of SABR improved survival outcomes of patients with stage I NSCLC. The greatest improvement was seen in patients treated with surgery. We suggest this is because the availability of SABR as a safe and effective alternative treatment improved the selection of patients for surgical treatment. These findings are important as they may help clinicians and patients chose the most appropriate treatment option.




Abstract


Introduction: Stereotactic ablative body radiotherapy (SABR) offers patients with stage I non-small-cell lung cancer (NSCLC) a safe, effective radical therapy option. The impact of introducing SABR at a Scottish regional cancer centre was studied. Methods: The Edinburgh Cancer Centre Lung Cancer Database was assessed. Treatment patterns and outcomes were compared across treatment groups (no radical therapy (NRT), conventional radical radiotherapy (CRRT), SABR and surgery) and across three time periods reflecting the availability of SABR (A, January 2012/2013 (pre-SABR); B, 2014/2016 (introduction of SABR); C, 2017/2019, (SABR established)). Results: 1143 patients with stage I NSCLC were identified. Treatment was NRT in 361 (32%), CRRT in 182 (16%), SABR in 132 (12%) and surgery in 468 (41%) patients. Age, performance status, and comorbidities correlated with treatment choice. The median survival increased from 32.5 months in time period A to 38.8 months in period B to 48.8 months in time period C. The greatest improvement in survival was seen in patients treated with surgery between time periods A and C (HR 0.69 (95% CI 0.56–0.86), p < 0.001). The proportion of patients receiving a radical therapy rose between time periods A and C in younger (age ≤ 65, 65–74 and 75–84 years), fitter (PS 0 and 1), and less comorbid patients (CCI 0 and 1–2), but fell in other patient groups. Conclusions: The introduction and establishment of SABR for stage I NSCLC has improved survival outcomes in Southeast Scotland. Increasing SABR utilisation appears to have enhanced the selection of surgical patients and increased the proportion of patients receiving a radical therapy.
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1. Introduction


Lung cancer is the leading cause of cancer death in Scotland, accounting for one in five cancer deaths [1]. Non-small-cell lung cancer (NSCLC) represents approximately 85% of all cases [2]. In Scotland, approximately 20% of patients present with stage I disease, typified by small (<4 cm) localised disease without spread to lymph nodes or distant organs [3]. Surgical resection, involving lobectomy with mediastinal lymph node dissection or sampling, has been the curative treatment of choice for stage I NSCLC. However, many patients with lung cancer are burdened by multiple co-morbidities, including chronic obstructive pulmonary disease (COPD) or cardiovascular disease, which make them less suitable for surgery [4,5].



Non-surgical treatment options such as conventional fractionated radical radiotherapy (CRRT) may also be used with radical intent. However, historically, outcomes are poorer than those achieved by surgery [6,7]. More recently, stereotactic ablative body radiotherapy (SABR) has become the treatment of choice in patients who are unfit for surgery or decline resection [8]. SABR is a well-tolerated and effective treatment in these patients [9,10,11]. Registry data suggest SABR improves survival when compared to best supportive care [12]. When compared to standard CRRT, SABR is more convenient for patients, has no minimum threshold for respiratory function, fewer side effects, a higher local control rate and is likely to have a survival benefit [13,14,15,16]. Unfortunately, randomised controlled trials of SABR vs. surgery have struggled to recruit, largely due to patient preference for radiotherapy over surgery or vice versa [17,18]. However, in younger, fitter patients, surgical resection would be considered the standard of care [19,20]. For patients who are potentially operable, SABR and surgery outcomes appear to be similar in the limited trial data available [18,21]. This suggests SABR is a reasonable alternative to surgery in those who decline an operation, or in those who have a higher risk of surgical complications. A key benefit of SABR is that it increases the pool of patients who could receive an effective radical treatment [13,22]. In a previous observational cohort study, the use of SABR increased the proportion of older patients, at the highest risk of surgical complications, who received a radical treatment [23,24]. Consequently, the average survival of the whole cohort increased.



The aim of this study was to understand the impact of SABR on outcomes for stage I NSCLC at a regional cancer centre in the United Kingdom (UK). We demonstrate the positive effect of the introduction of SABR as a treatment option for stage I NSCLC in a real-world setting. We present novel data demonstrating the impact of clinical factors on treatment selection and outcomes. Interestingly, we find that the availability of an alternative low-toxicity treatment to surgery appears to affect the selection of surgical patients, leading to improved surgical outcomes.




2. Methods


All NHS Lothian patients discussed in the Southeast Scotland Cancer Network (SCAN) lung-cancer multidisciplinary meeting between January 2012 and December 2019, diagnosed clinically with a stage I NSCLC, were identified [25]. Patients with multiple synchronous or metachronous primary lung cancers were excluded. Patients upstaged at surgery were included in analyses based on an intention to treat as stage I NSCLC. Data were extracted from the Edinburgh Cancer Centre Lung Cancer Database, containing detailed clinical information for all patients with lung cancer across SCAN since 2012.



Patient characteristics, including age, Eastern Cooperative Group Performance Status (PS) and Charlson Comorbidity Index (CCI) at the time of diagnosis of stage I NSCLC and treatment modality were recorded [26]. CCI was calculated using hospital admission data obtained from the Scottish Morbidity Records dataset [27]. CCI was grouped by no comorbidity (CCI 0), mild/moderate comorbidity (CCI 1–2) or significant comorbidity (CCI ≥ 3).



Radical radiotherapy treatment status was defined as: CRRT—55 Gy in 20 fractions as fractionated dose; SABR—54 Gy in 3 fractions, 55 GY in 5 fractions or 60 Gy in 8 fractions. This is in keeping with previously reports [14].



Three distinct time periods were studied reflecting the availability of treatment options within SCAN: A—January 2012–December 2013 (pre-SABR); B—January 2014–December 2016 (introduction of SABR); C—January 2017–December 2019, (SABR established).



The overall survival, defined as the number of months from the date of diagnosis of stage I NSCLC and death, or censorship if still alive at follow-up (1 November 2021), was calculated. Survival curves were plotted using Kaplan Meier methods, and the log rank test applied. Survival analysis was carried out using Cox’s proportional-hazards model, and hazard ratios were calculated. Differences in treatment groups and time periods were compared using t-tests for continuous variables and chi-square tests for categorical variables as appropriate. A p-value < 0.05 was considered significant throughout. All analyses were performed in SPSS version 27.0 (SPSS Inc).




3. Results


Patient Characteristics: 1143 patients meeting the inclusion criteria were identified. Patient characteristics were in keeping with reported real-world populations of stage I NSCLC (Table 1). A total of 41 (9%) patients treated with surgery were upstaged. Analyses of all patients diagnosed with NSCLC within NHS Lothian during the study time periods demonstrated no evidence of stage migration (Supplemental Table S1). The median age was 74 (interquartile range (IQR) 68–81) and 55% were female.



Median OS was 41.6 (interquartile range (IQR) 15.4–95.8) months. A total of 407 (36%) patients were censored in whom minimum and median follow-up was 26.9 and 58.4 months, respectively. Age (≤65, 65–74, 75–84, ≥85 years old), PS (0, 1, 2, 3+) and CCI (0, 1–2, 3) were independently associated with survival (Supplemental Figure S1) (each log-rank p < 0.001).



Surgery was the most frequently employed treatment modality (41%). Age, PS and comorbidities were important factors for treatment choice (Supplemental Figure S2). Patients treated with surgery were younger (median age 70 (IQR 63–75) vs. 78 (IQR 72–84), p < 0.001), of better PS (PS0/1 86% vs. 50%, p < 0.001) and less comorbid (CCI 0 54% vs. 45%, p < 0.001) than all other patients. A total of 82% of patients aged ≤65 and PS0 were treated surgically, whilst 74% of those aged ≥85 and PS2+ received no radical treatment (Supplemental Figure S3).



Outcomes by Treatment Modality: As expected, patients with no radical treatment had the poorest survival (13.5 (IQR 5.3–30.3)) (Figure 1, Supplemental Table S2). Outcomes for patients treated with surgery (92.3 (IQR 40.6—not reached)) were more favourable than those treated with SABR (65.3 (IQR 29.1–85.3), which were more favourable than those treated with CRRT (37.1 (IQR 18.5–59.6)) (p < 0.001 and p < 0.001, respectively).



Outcomes by Time Period: Survival estimates by time period for all patients, and for each treatment subgroup, are shown in Figure 2 (Supplemental Table S3). Patients in time period C had more favourable survival than those in time period A (HR 0.85 (95% confidence interval (CI) 0.77–0.94)), with median survival improving from 32.5 (IQR 13.0–74.8) months to 48.8 (15.3–95.8) months (p = 0.006) (Supplemental Table S4). The greatest improvement in survival was seen in patients treated with surgery between time periods A and C (HR 0.69 (95% CI 0.56–0.86), p < 0.001). The survival of patients treated with any radical radiotherapy (i.e., CRRT or SABR) improved between time periods A and B (HR0.70 (95% CI 0.49–0.99), p = 0.045) and between time periods A and C (HR0.75 (95% CI 0.61–0.91), p = 0.004).



Patient selection with increasing availability of SABR: Changes in treatment patterns were observed across time periods (Figure 3). The proportion of patients who received no radical therapy fell from 33% to 30% amongst all patients, and from 52% to 46% in the elderly (≥75 years old) population (Supplemental Figure S4). SABR use rose from 11% to 18% between time periods B and C in all patients, offset by stepwise reductions in the use of CRRT and surgery.



Changes in treatment patterns were observed between time periods by age group, PS and CCI (Figure 4). The proportion of patients receiving a radical therapy rose between time periods A and C in younger (age ≤ 65, 65–74 and 75–84 years), fitter (PS 0 and 1) and less comorbid patients (CCI 0 and 1–2). In each of these patient cohorts, the use of CRRT and surgery fell between time periods A and C, with SABR increasingly utilised between time periods B and C. In older (aged ≥ 85 years), less fit (PS 2) and more comorbid patients (CCI ≥ 3) fewer patients received a radical therapy in time period C than time period A. In each of these patient groups, the use of CRRT and surgery also fell between time periods A and C.



There were no statistically significant differences in patient characteristics for each treatment group between time periods (p > 0.05).




4. Discussion


Our real-world data demonstrate an increase in the proportion of patients with stage I NSCLC receiving a radical therapy between 2012 and 2019. The median overall survival of the study population increased by 16.3 months between time periods A and C, with the most significant improvement was seen in patients undergoing surgical management of their cancer. These changes correlated with the introduction and establishment of SABR as a standard treatment option at the Edinburgh Cancer Centre. This is the first time this has been demonstrated in a UK population. Our findings largely reflect those previously demonstrated in a Dutch population-based study, which found that the introduction of SABR correlated with a decline in the number of untreated elderly patients with stage I NSCLC, corresponding to an 8-month improvement in median overall survival [23].



A key clinical challenge is to improve radical treatment rates for patients with stage I NSCLC. In a 2015/16 Cancer Registry analysis, rates of no radical therapy were 26% in England, 13% in Norway and 9% in the Netherlands [28]. Significantly, in that study, only 8% of patients in England were treated with SABR, compared to 26% in Norway and 27% in the Netherlands, reflecting the slower establishment of SABR in the UK. Our rates of SABR remain lower than this (18%), despite SABR now being an established treatment. Previous studies examining the impact of SABR on the management of stage I NSCLC have lacked recognised clinical prognostic factors such as PS and detailed comorbidity data [23,24,28]. We find that age, PS and comorbidity burden, as measured by the CCI, are associated with overall survival outcomes in this population. We present novel data demonstrating that treatment patterns strongly correlated with these factors. For example, surgical rates were lower with increasing age, whilst any radical radiotherapy (CRRT or SABR) use became more frequent. Significantly, the commonest treatment for patients ≥75 years in our study was no treatment (49%), whereas 85% of those <75 years received a radical therapy. We add to this by demonstrating that patients with poor PS or significant comorbidities are also less likely to be treated radically. In particular, these patients are less frequently treated with surgery. Pre-existing respiratory comorbidities, such as COPD, may increase the risk of post-operative complications, limit the extent of lung that can be safely removed and are associated with poorer outcomes in stage I NSCLC [10].



We also note that between time periods A and C, rates of radical therapy increased by only 3% in the overall population and 6% in patients ≥75 years old. This is lower than that seen in a previous real-world observational study [24]. Given that patients in the NRT cohort were older, less fit and more comorbid, we suspect that many had incidental lesions identified but were not fit for further investigation and management. Our institution has no thresholds for minimum lung function for SABR and, broadly, if a patient tolerates PET-CT they are likely to tolerate the delivery of SABR. Indeed, only 2% of patients in the NRT received any direct cancer palliative therapy, including high-dose palliative radiotherapy. This suggests that, in addition to the availability of new treatments, strategies to improve patient fitness or the early detection of cancer are needed to improve radical treatment rates.



In our clinical practice, surgery remains the treatment of choice for patients with stage I NSCLC. That patients treated with surgery in our cohort had significantly better survival than those treated with any radical radiotherapy likely reflects differences in treatment selection. SABR offers an alternative treatment option for patients with high surgical risk and technically and medically inoperable disease. Specifically, it is associated with lower 30-day mortality than surgery in patients with severe COPD, but offers similar survival benefit [10]. It is also proven to be a better treatment than CRRT (the only other pre-existing non-surgical radical treatment option) with fewer side effects, higher rates of local control and a likely survival benefit [16,17,18,19]. It appears to be well tolerated in older, frailer patients [22,29,30]. It is, therefore, not surprising to find that SABR use increased at the expense of CRRT and surgery in these patient groups. Indeed, rates of any radical therapy fell in these patient groups, but increased in younger, fitter or less comorbid patient groups. Although this may reflect a better selection of patients for radical therapy, which may have contributed to better survival between time periods A and C, we suggest these changes were driven by the introduction of SABR for the treatment of stage I NSCLC. For example, we demonstrate that the introduction of SABR correlated most strongly with a survival improvement for patients treated with surgery. A potential confounder to these findings is the improvement in surgical techniques and perioperative care during the study time periods. However, the most significant reductions in surgical rates between time periods A and C were seen in patients aged ≥ 85 years (5% vs. 0%), PS 2 (28% vs. 18%) and CCI ≥ 3 (24% vs. 7%). This likely reflects the availability of an additional efficacious treatment option and highlights that an important real-world impact of SABR has been to facilitate better selection of patients for surgery. This effect of improving outcomes by the migration of the poorer outcome patients into a different group is recognised in the staging of cancer and is known as the Will Rogers effect, first described in 1985 [31]. This has not previously been described for the surgical treatment of NSCLC. Although survival improved between time periods A and C for patients treated with any radical radiotherapy, there was no significant change for patients treated with CRRT, suggesting this improvement was driven by treatment with SABR.



CRRT and surgical rates fell in all other patient characteristic subgroups between time periods A and C, with SABR utilised in each. This suggests that SABR has an important role to play in younger, fitter patients too. Use of SABR instead of CRRT in these subgroups may reflect the availability of a better treatment option than CRRT, particularly where surgery is not possible for technical reasons. It is also recognised that patients, when offered the choice, frequently opt for SABR over surgery [17,18]. Significantly, amongst treated patients, SABR was the most frequently applied radical therapy in those with mild functional limitations (i.e., PS1) and mild/moderate comorbidities (CCI 1–2) (45% and 40%, respectively), where the clinical assessment of suitability for surgery is less clearcut between operable and inoperable. There is longstanding debate around the role of SABR in potentially operable patients, particularly as many of these patients are older or more comorbid [32,33,34]. The positive real-world effects of the introduction of SABR identified by our study provides some evidence to fill the void left by the lacking clinical trials data in these patients. Our findings may become more important if computed tomography-based lung-cancer screening is introduced into routine clinical practice. The NELSON trial showed an overall survival benefit in the screened population compared to a control group (HR0.76 (95% CI 0.61–0.94), p = 0.01) [35]. Significantly, there was a large increase in the proportion of patients presenting with stage I NSCLC (58.6% vs. 14.2%, respectively), suggesting the absolute number of patients with stage I NSCLC being considered for radical therapy may well increase if screening is introduced. A better understanding of factors important for treatment selection and outcomes, as explored in this study, will aid service provision.



Several limitations for this study are acknowledged. As a single-centre study, it benefits from standardised, comprehensive data collection of all patients with NSCLC, although some information on performance status and comorbidities was not available. The experience of the SCAN lung-cancer multidisciplinary team may have given rise to confounders in patient clinical selection for specific therapies. However, we observe differences in treatment selection through time, suggesting these are not inherent. Like other studies in this area, we have included patients without pathological confirmation, potentially including cases of benign disease, or isolated pulmonary metastases from another cancer. Our clinical practice, however, routinely includes the use of the Herder score and patients are staged with PET-CT imaging in line with UK guidelines [19]. In a previous study, 46% of all English patients with stage I NSCLC were treated with CRRT without histology, compared to 52% in our study [28].




5. Conclusions


This comprehensive study demonstrates how the introduction and establishment of SABR for stage I NSCLC has improved treatment rates and survival outcomes of patients in Southeast Scotland. We highlight recognised clinical prognostic factors that are key for patient treatment selection, which are absent from other similar studies. It is of particular significance that increasing SABR provision appears to have enhanced the selection of surgical patients, amongst whom survival outcomes are most improved. These findings support those of previous studies, suggesting the effects may be seen more broadly. SABR is now routinely available elsewhere, including at all five Scottish radiotherapy centres.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/cancers15051431/s1, Figure S1: Overall survival of patients with stage I NSCLC by A: Age, B: Performance Status, C: Charlson Comorbidity Index; Figure S2: Treatment utilisation for all patients with stage I NSCLC by A: Age, B: Performance Status, C: Charlson Comorbidity Index; Figure S3: Treatment choice matrix by age and performance status for all patients with stage I NSCLC; Figure S4: Treatment utilisation for all patients aged 75 years and over with stage I NSCLC by time period; Table S1: Stage distribution of patients with NSCLC in NHS Lothian during the three study time periods (A: 2012–2103, Pre-SABR, B: 2104–2106, Introduction of SABR, C: 2017–2019, SABR Established); Table S2: Life table for overall survival of all patients with stage I NSCLC by treatment modality. (see also Figure 1); Table S3: Life tables for overall survival estimates for all patients with stage I NSCLC, and for each treatment group, by treatment time period, A: All patients, B: No radical therapy, C: Conventional Radical Radiotherapy, D: SABR, E: Any Radical Radiotherapy, F: Surgery. (see also Figure 2); Table S4: Overall survival estimates for all patients with stage I NSCLC, and for each treatment group, by treatment time period (A: 2012–2103, Pre-SABR, B: 2104–2106, Introduction of SABR, C: 2017–2019, SABR Established).





Author Contributions


M.S. and I.P. conceived the idea. M.S., I.P. and P.H. developed the research methodology. M.S., G.L., M.V., A.K., G.T., A.P. and the Edinburgh Cancer Informatics Programme conducted the primary data collection. I.P., M.M, S.H., C.B., K.M., S.C., T.E. and A.T. provided study resources. M.S., G.L., M.V. and G.T. were responsible for data cleaning. M.S. and G.L. analysed the data. M.S., G.L. and I.P. prepared the draft manuscript. M.M. and S.H. provided significant intellectual input and advice in the re-draft of the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors.




Institutional Review Board Statement


No patient identifiable data were used, the presented work was undertaken in accordance with guidelines from the Academic and Clinical Central Office for Research and Development (ACCORD) (NHS Lothian and University of Edinburgh) and study-specific consent was not required.




Informed Consent Statement


No patient identifiable data were used, the presented work was undertaken in accordance with guidelines from the Academic and Clinical Central Office for Research and Development (ACCORD) (NHS Lothian and University of Edinburgh) and study-specific consent was not required.




Data Availability Statement


Research data are available on reasonable request.




Acknowledgments


Public Health Scotland Cancer Quality Performance Indicators Cancer Audit Service, Southeast Scotland Cancer Network (Lung Cancer).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Cancer Research UK. Lung Cancer Statistics. 2021. Available online: https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/lung-cancer (accessed on 12 December 2022).

	



Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer Statistics, 2021. CA Cancer J. Clin. 2021, 71, 7–33. [Google Scholar] [CrossRef] [PubMed]

	



Public Health Scotland. Cancer Statistics: Lung Cancer and Mesothelioma. Available online: https://www.opendata.nhs.scot/dataset/annual-cancer-incidence (accessed on 12 December 2022).

	



Loganathan, R.S.; Stover, D.E.; Shi, W.; Venkatraman, E. Prevalence of COPD in Women Compared to Men Around the Time of Diagnosis of Primary Lung Cancer. Chest 2006, 129, 1305–1312. [Google Scholar] [CrossRef] [PubMed]

	



Henson, L.A.; Chukwusa, E.; Ling, C.N.Y.; Khan, S.A.; Gao, W. Lung cancer deaths (England 2001–2017)—Comorbidities: A national population-based analysis. BMJ Support. Palliat. Care 2021. [Google Scholar] [CrossRef] [PubMed]

	



Rowell, N.P.; Williams, C.J. Radical radiotherapy for stage I/II non-small cell lung cancer in patients not sufficiently fit for or declining surgery (medically inoperable): A systematic review. Thorax 2001, 56, 628–638. [Google Scholar] [CrossRef] [PubMed]

	



Wisnivesky, J.P.; Halm, E.; Bonomi, M.; Powell, C.; Bagiella, E. Effectiveness of Radiation Therapy for Elderly Patients with Unresected Stage I and II Non–Small Cell Lung Cancer. Am. J. Respir. Crit. Care Med. 2010, 181, 264–269. [Google Scholar] [CrossRef] [PubMed]

	



Postmus, P.E.; Kerr, K.M.; Oudkerk, M.; Senan, S.; Waller, D.A.; Vansteenkiste, J.; Escriu, C.; Peters, S.; ESMO Guidelines Committee. Early and Locally Advanced Non-Small-Cell Lung Cancer (NSCLC): ESMO Clinical Practice Guidelines for Diagnosis, Treatment and Follow-up. Ann. Oncol. 2017, 28 (Suppl. 4), iv1–iv21. [Google Scholar] [CrossRef] [PubMed]

	



Fakiris, A.J.; McGarry, R.C.; Yiannoutsos, C.T.; Papiez, L.; Williams, M.; Henderson, M.A.; Timmerman, R. Stereotactic Body Radiation Therapy for Early-Stage Non–Small-Cell Lung Carcinoma: Four-Year Results of a Prospective Phase II Study. Int. J. Radiat. Oncol. 2009, 75, 677–682. [Google Scholar] [CrossRef]

	



Palma, D.; Lagerwaard, F.; Rodrigues, G.; Haasbeek, C.; Senan, S. Curative Treatment of Stage I Non-Small-Cell Lung Cancer in Patients with Severe COPD: Stereotactic Radiotherapy Outcomes and Systematic Review. Int. J. Radiat. Oncol. 2012, 82, 1149–1156. [Google Scholar] [CrossRef] [PubMed]

	



Lagerwaard, F.J.; Haasbeek, C.J.A.; Smit, E.F.; Slotman, B.J.; Senan, S. Outcomes of Risk-Adapted Fractionated Stereotactic Radiotherapy for Stage I Non–Small-Cell Lung Cancer. Int. J. Radiat. Oncol. Biol. Phys. 2008, 70, 685–692. [Google Scholar] [CrossRef] [PubMed]

	



Nanda, R.H.; Liu, Y.; Gillespie, T.W.; Mikell, J.L.; Ramalingam, S.S.; Fernandez, F.G.; Curran, W.J.; Lipscomb, J.; Higgins, K.A. Stereotactic body radiation therapy versus no treatment for early stage non-small cell lung cancer in medically inoperable elderly patients: A National Cancer Data Base analysis. Cancer 2015, 121, 4222–4230. [Google Scholar] [CrossRef]

	



Ball, D.; Mai, G.T.; Vinod, S.; Babington, S.; Ruben, J.; Kron, T.; Chesson, B.; Herschtal, A.; Vanevski, M.; Rezo, A.; et al. 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. Lancet Oncol. 2019, 20, 494–503. [Google Scholar] [CrossRef]

	



Phillips, I.; Sandhu, S.; Lüchtenborg, M.; Harden, S.V. Stereotactic Ablative Body Radiotherapy Versus Radical Radiotherapy: Comparing Real-World Outcomes in Stage I Lung Cancer. Clin. Oncol. 2019, 31, 681–687. [Google Scholar] [CrossRef]

	



Haque, W.; Verma, V.; Polamraju, P.; Farach, A.; Butler, E.B.; Teh, B.S. Stereotactic body radiation therapy versus conventionally fractionated radiation therapy for early stage non-small cell lung cancer. Radiother. Oncol. 2018, 129, 264–269. [Google Scholar] [CrossRef]

	



Nyman, J.; Hallqvist, A.; Lund, J.Å.; Brustugun, O.T.; Bergman, B.; Bergström, P.; Friesland, S.; Lewensohn, R.; Holmberg, E.; Lax, I. SPACE—A randomized study of SBRT vs conventional fractionated radiotherapy in medically inoperable stage I NSCLC. Radiother. Oncol. 2016, 121, 1–8. [Google Scholar] [CrossRef]

	



Franks, K.N.; McParland, L.; Webster, J.; Baldwin, D.R.; Sebag-Montefiore, D.; Evison, M.; Booton, R.; Faivre-Finn, C.; Naidu, B.; Ferguson, J.; et al. SABRTooth: A randomised controlled feasibility study of stereotactic ablative radiotherapy (SABR) with surgery in patients with peripheral stage I nonsmall cell lung cancer considered to be at higher risk of complications from surgical resection. Eur. Respir. J. 2020, 56, 2000118. [Google Scholar] [CrossRef]

	



Chang, J.Y.; Senan, S.; Paul, M.A.; Mehran, R.J.; Louie, A.V.; Balter, P.; Groen, H.J.M.; McRae, S.E.; Widder, J.; Feng, L.; et al. Stereotactic ablative radiotherapy versus lobectomy for operable stage I non-small-cell lung cancer: A pooled analysis of two randomised trials. Lancet Oncol. 2015, 16, 630–637. [Google Scholar] [CrossRef] [PubMed]

	



NICE. National Institute for Health and Care Excellence. Lung Cancer: Diagnosis and Management. 2019. Available online: https://www.nice.org.uk/guidance/NG122 (accessed on 12 December 2022).

	



Vansteenkiste, J.; Crinò, L.; Dooms, C.; Douillard, J.Y.; Faivre-Finn, C.; Lim, E.; Rocco, G.; Senan, S.; Van Schil, P.; Veronesi, G.; et al. 2nd ESMO Consensus Conference on Lung Cancer: Early-stage non-small-cell lung cancer consensus on diagnosis, treatment and follow-up. Ann. Oncol. 2014, 25, 1462–1474. [Google Scholar] [CrossRef] [PubMed]

	



Chang, J.Y.; Mehran, R.J.; Feng, L.; Verma, V.; Liao, Z.; Welsh, J.W.; Lin, S.H.; O’Reilly, M.S.; Jeter, M.D.; Balter, P.A.; et al. Stereotactic ablative radiotherapy for operable stage I non-small-cell lung cancer (revised STARS): Long-term results of a single-arm, prospective trial with prespecified comparison to surgery. Lancet Oncol. 2021, 22, 1448–1457. [Google Scholar] [CrossRef] [PubMed]

	



Brooks, E.D.; Sun, B.; Zhao, L.; Komaki, R.; Liao, Z.; Jeter, M.; Welsh, J.W.; O’Reilly, M.S.; Gomez, D.R.; Hahn, S.M.; et al. Stereotactic Ablative Radiation Therapy is Highly Safe and Effective for Elderly Patients with Early-stage Non-Small Cell Lung Cancer. Int. J. Radiat. Oncol. 2017, 98, 900–907. [Google Scholar] [CrossRef] [PubMed]

	



Palma, D.; Visser, O.; Lagerwaard, F.J.; Belderbos, J.; Slotman, B.; Senan, S. Treatment of stage I NSCLC in elderly patients: A population-based matched-pair comparison of stereotactic radiotherapy versus surgery. Radiother. Oncol. 2011, 101, 240–244. [Google Scholar] [CrossRef] [PubMed]

	



Palma, D.; Visser, O.; Lagerwaard, F.J.; Belderbos, J.; Slotman, B.J.; Senan, S. Impact of Introducing Stereotactic Lung Radiotherapy for Elderly Patients with Stage I Non–Small-Cell Lung Cancer: A Population-Based Time-Trend Analysis. J. Clin. Oncol. 2010, 28, 5153–5159. [Google Scholar] [CrossRef] [PubMed]

	



South East Scotland Cancer Network: SCAN—Tumour Specifjc Groups—Lung. Available online: https://www.scan.scot.nhs.uk/tumour-specific-groups/lung/ (accessed on 12 December 2022).

	



Quan, H.; Li, B.; Couris, C.M.; Fushimi, K.; Graham, P.; Hider, P.; Januel, J.-M.; Sundararajan, V. Updating and Validating the Charlson Comorbidity Index and Score for Risk Adjustment in Hospital Discharge Abstracts Using Data from 6 Countries. Am. J. Epidemiol. 2011, 173, 676–682. [Google Scholar] [CrossRef] [PubMed]

	



Public Health Scotland. Scottish Morbidity Records (SMR) Datasets. Available online: https://www.ndc.scot.nhs.uk/Data-Dictionary/SMR-Datasets/Episode-Management/SMR-Record-Type/ (accessed on 12 December 2022).

	



Damhuis, R.A.; Senan, S.; Khakwani, A.; Harden, S.; Helland, S.; Strand, T.-E. Age-related treatment patterns for stage I NSCLC in three European countries. J. Geriatr. Oncol. 2021, 12, 1214–1219. [Google Scholar] [CrossRef] [PubMed]

	



Haasbeek, C.J.A.; Palma, D.; Visser, O.; Lagerwaard, F.J.; Slotman, B.; Senan, S. Early-stage lung cancer in elderly patients: A population-based study of changes in treatment patterns and survival in the Netherlands. Ann. Oncol. 2012, 23, 2743–2747. [Google Scholar] [CrossRef] [PubMed]

	



Haasbeek, C.J.A.; Lagerwaard, F.J.; Antonisse, M.E.; Slotman, B.J.; Senan, S. Stage I nonsmall cell lung cancer in patients aged > or = 75 years: Outcomes after stereotactic radiotherapy. Cancer 2010, 116, 406–414. [Google Scholar] [CrossRef]

	



Feinstein, A.R.; Sosin, D.M.; Wells, C.K. The Will Rogers phenomenon. Stage migration and new diagnostic techniques as a source of misleading statistics for survival in cancer. N. Engl. J. Med. 1985, 312, 1604–1608. [Google Scholar] [CrossRef]

	



Louie, A.V.; Tjong, M.C.; Siva, S. Surgery versus SABR for early-stage lung cancer-time to call it a draw? Lancet Oncol. 2021, 22, 1355–1357. [Google Scholar] [CrossRef]

	



Kidane, B.; Spicer, J.; Kim, J.O.; Fiset, P.-O.; Abdulkarim, B.; Malthaner, R.; Palma, D. SABR-BRIDGE: Stereotactic Ablative Radiotherapy before Resection to Avoid Delay for Early-Stage Lung Cancer or Oligomets during the COVID-19 Pandemic. Front. Oncol. 2020, 10, 580189. [Google Scholar] [CrossRef]

	



Chen, H.; Laba, J.M.; Boldt, R.G.; Goodman, C.D.; Palma, D.A.; Senan, S.; Louie, A.V. Stereotactic Ablative Radiation Therapy Versus Surgery in Early Lung Cancer: A Meta-analysis of Propensity Score Studies. Int. J. Radiat. Oncol. 2018, 101, 186–194. [Google Scholar] [CrossRef]

	



de Koning, H.J.; van der Aalst, C.M.; de Jong, P.A.; Scholten, E.T.; Nackaerts, K.; Heuvelmans, M.A.; Lammers, J.W.J.; Weenink, C.; Yousaf-Khan, U.; Horeweg, N.; et al. Reduced Lung-Cancer Mortality with Volume CT Screening in a Randomized Trial. N. Engl. J. Med. 2020, 382, 503–513. [Google Scholar] [CrossRef]








[image: Cancers 15 01431 g001 550] 





Figure 1. Overall survival for all patients with stage I NSCLC by treatment modality. 
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Figure 2. Overall survival estimates for all patients with stage I NSCLC, and for each treatment group, by treatment time period, (A) All patients, (B) No radical therapy, (C) Conventional radical radiotherapy, (D) SABR, (E) Any radical radiotherapy (CRRT or SABR), (F) Surgery. Log-rank regression. 
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Figure 3. Treatment utilisation for all patients with stage I NSCLC by time period. (A: 2012–2103, Pre-SABR, B: 2104–2106, Introduction of SABR, C: 2017–2019, SABR Established). 
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Figure 4. Treatment utilisation for all patients with stage I NSCLC by time period and A: age, B: performance status, C: Charlson comorbidity index subgroups. (A: 2012–2103, Pre-SABR, B: 2104–2106, Introduction of SABR, C: 2017–2019, SABR Established). 
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Table 1. Patient characteristics of patients with stage I NSCLC. (NR—not reached).
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Patient Characteristics

	
All

	
No Radical Treatment

	
Radical Radiotherapy

	
Stereotactic Ablative Body Radiotherapy

	
Surgery




	
n = 1143

	
n = 361

	
n = 182

	
n = 132

	
n = 468






	
Age

	
≤64

	
200 (17)

	
21 (6)

	
23 (13)

	
17 (13)

	
139 (30)




	
65–74

	
372 (33)

	
66 (18)

	
60 (33)

	
44 (33)

	
202 (43)




	
75–84

	
411 (36)

	
154 (43)

	
75 (41)

	
58 (44)

	
124 (26)




	
≥85

	
160 (14)

	
120 (33)

	
24 (13)

	
13 (10)

	
3 (1)




	
Median (IQR)

	
74 (68–81)

	
82 (75–87)

	
76 (70–81)

	
75 (69–81)

	
70 (63–75)




	
Sex

	
Female

	
628 (55)

	
200 (55)

	
95 (52)

	
75 (57)

	
258 (55)




	
Male

	
515 (45)

	
161 (45)

	
87 (48)

	
57 (43)

	
210 (45)




	
ECOG Performance Status

	
0

	
244 (21)

	
51 (14)

	
21 (12)

	
22 (17)

	
150 (32)




	
1

	
435 (38)

	
87 (24)

	
95 (52)

	
61 (46)

	
192 (41)




	
2

	
225 (20)

	
66 (18)

	
54 (30)

	
42 (32)

	
63 (14)




	
3+

	
76 (7)

	
76 (21)

	
0 (0)

	
0 (0)

	
0 (0)




	
Unknown

	
163 (14)

	
81 (22)

	
12 (7)

	
7 (5)

	
63 (14)




	
Charlson Comorbidity Index

	
0

	
564 (49)

	
113 (31)

	
80 (44)

	
64 (48)

	
307 (66)




	
1–2

	
301 (26)

	
114 (32)

	
60 (33)

	
44 (33)

	
83 (18)




	
≥3

	
103 (9)

	
62 (17)

	
19 (10)

	
10 (8)

	
12 (3)




	
Unknown

	
175 (15)

	
72 (20)

	
23 (13)

	
14 (11)

	
66 (14)




	
Pathological Confirmation

	
Yes

	
660 (58)

	
85 (23)

	
86 (47)

	
21 (16)

	
468 (100)




	
No

	
483 (42)

	
276 (77)

	
96 (53)

	
111 (84)

	
0 (0)




	
T-stage

	
IA

	
783 (69)

	
247 (68)

	
99 (54)

	
112 (85)

	
325 (69)




	
IB

	
360 (31)

	
114 (32)

	
83 (46)

	
20 (15)

	
143 (31)




	
Overall survival

	
Median (IQR)

	
41.6 (15.4–95.8)

	
13.5 (5.3–30.3)

	
37.1 (18.5–59.6)

	
65.3 (29.1–85.3)

	
92.3 (40.6-NR)




	
2-year survival

	
n (%)

	
744 (65)

	
116 (32)

	
121 (66)

	
110 (83)

	
397 (85)




	
Censored

	
n (%)

	
407 (36)

	
30 (8)

	
40 (22)

	
69 (52)

	
268 (57)




	
Period of Diagnosis

	
A (2012–2013)

	
252 (22)

	
83 (23)

	
51 (28)

	
0 (0)

	
118 (25)




	
B (2014–2016)

	
443 (39)

	
144 (40)

	
69 (38)

	
50 (38)

	
180 (39)




	
C (2017–2019)

	
448 (39)

	
134 (37)

	
62 (34)

	
82 (62)

	
170 (36)
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