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Objectives

To investigate the efficacy and safety of lung stereotactic body radiation therapy (SBRT) for non-small cell lung cancer (NSCLC) including oligorecurrent and oligoprogressive disease.



Methods

Single-institution retrospective analysis of 60 NSCLC patients with 62 discrete lesions treated with SBRT between 2008 and 2017. Patients were stratified into three groups, including early stage, locally recurrent, and oligoprogressive disease. Group 1 included early stage local disease with no prior local therapy. Group 2 included locally recurrent disease after local treatment of a primary lesion, and group 3 included regional or well-controlled distant metastatic disease receiving SBRT for a treatment naive lung lesion (oligoprogressive disease). Patient/tumor characteristics and adverse effects were recorded. Local failure free survival (LFFS), progression free survival (PFS), and overall survival (OS) were estimated using the Kaplan Meier method.



Results

At median follow-up of 34 months, 67% of the study population remained alive. The estimated 3-year LFFS for group 1, group 2, and group 3 patients was 95% (95% CI: 86%-100%), 82%(62% - 100%), and 83% (58-100%), respectively. The estimated 3-year PFS was 59% (42-83%), 40% (21%-78%), and 33% (12%-95%), and the estimated 3-year OS was 58% (41-82%), 60% (37-96%), and 58% (31-100%)), respectively for each group. When adjusted for age and size of lesion, no significant difference in OS, LFFS, and PFS emerged between groups (p > 0.05). No patients experienced grade 3 to 5 toxicity. Eighteen patients (29%) experienced grade 1 to 2 toxicity. The most common toxicities reported were cough and fatigue.



Conclusions

Our data demonstrates control rates in group 1 patients comparable to historical controls. Our study also reveals comparable clinical results for SBRT in the treatment of NSCLC by demonstrating similar rates of LFFS and OS in group 2 and group 3 patients with locally recurrent and treatment naïve lung lesion with well-controlled distant metastatic disease.
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Introduction

Lung cancer is the leading cause of cancer death in America, with approximately 225,000 new diagnoses and 160,000 deaths in the United States each year (1). Lung stereotactic body radiotherapy (SBRT) is a non-invasive radiation treatment consisting of highly precise radiation delivered in three to five fractions, and is the standard therapy in inoperable patients with early-stage disease. SBRT achieves local control rates over 90%, overall survival rates comparable to surgery, and low rates of treatment-related morbidity (2–9).

SBRT warrants exploration of its utility outside of the early-stage setting, as it may be advantageous to both surgery and conventionally fractionated radiotherapy (CFRT) for locally recurrent or metastatic disease. Advances in molecularly targeted and immunotherapies have increased life expectancy in patients with locally advanced and metastatic disease. Patients with well-controlled metastatic disease may benefit from durable local control of a primary lesion, especially in the ‘oligoprogressive’ setting, where only one or a few sites of progression are present, but studies on such patients remain limited. Salazar et al. examined the use of SBRT in a small series of metastatic patients, reporting an 86% local control rate and a median survival of 19 months. Seventy five percent of the deaths in this group was due to disease progression outside the planning target volume (PTV), while only one patient died from PTV failure (10). Such a study highlights the potential for primary tumor control in stage IV NSCLC. Furthermore, in older or medically fragile patients with recurrent or advanced disease, SBRT would be advantageous because it avoids the protracted treatment schedule associated with CFRT and the risk of perioperative mortality associated with surgical intervention.

Early evidence also suggests a benefit for SBRT in the setting of oligometastatic NSCLC. In Gomez et al., local consolidative therapy with radiation or surgery demonstrated a prolonged progression free survival and overall survival compared to maintenance therapy alone, resulting in the study being terminated early (11).The UTSW NSCLC Oligomets study was a Phase II trial that was also stopped early due to interim analysis demonstrating a nearly tripling of the progression-free survival when SBRT was added to standard of care (12). Interim results from the Phase III SINDAS trial, looking at the addition of SBRT before tyrosine kinase inhibitor therapy for epidermal growth factor receptor (EGFR) mutated NSCLC, also found a progression-free survival and overall survival benefit (13). 3- and 4-year local failure rates as low as 4.0% and 7.6% has been reported, with the dominant mode of failure being distance (14). Collectively, the results are supportive of a benefit to local consolidative therapy for oligometastatic NSCLC, though more studies are needed to fully evaluate its potential.

This single institution experience is unique in that it provides real world data on the outcomes of SBRT for NSCLC patients with locally recurrent or metastatic disease with oligoprogression involving the lung, with comparison to SBRT outcomes for early stage primary NSCLC tumors. We sought to evaluate with a limited exploratory retrospective analysis of this data the central hypothesis that performance of SBRT in the treatment of NSCLC in terms of local control, progression, and survival may be different in the early stage, recurrent, and oligoprogessive settings.



Methods

Authorization was obtained from our institutional review board for this retrospective analysis. The clinical data of 60 patients and 62 lesions treated with SBRT for a primary lung lesion between August 2008 and April 2017 at our institution was retrospectively reviewed. All but six patients had tissue diagnosis of NSCLC confirmed by cytologic or pathologic review at our institution. One patient’s pathological diagnosis was confirmed at an outside institution. Patients included in this review were ≥18 years old with Zubrod performance status 0-2. The same criteria applied to the population in RTOG 0236, allowing for more equitable comparisons between our study group and RTOG 0236. AJCC 7th edition was used for staging patients.

Patients were stratified into three groups in an effort to more accurately analyze the role of SBRT in each individual clinical scenario. Group 1 (the early stage group) consisted of 37 patients with early stage NSCLC with lung parenchymal only disease and without prior radiation treatment to the lung. Group 2 (the locally recurrent group) consisted of 15 patients with locally recurrent disease after prior surgery or radiation therapy. Group 3 (the oligoprogressive group) included 8 patients with overall well-controlled regional nodal or distant metastatic disease with fewer than three sites of progression which included a site of progression in the lungs. Patients on systemic therapy for their NSCLC had it held during SBRT and resumed afterwards. Treatment outcomes, including local failure, progression free survival, and overall survival were recorded for each patient. Six patients with non-biopsy-proven metastatic progression were excluded from PFS analysis because of the presence of a concurrent or prior malignancy, precluding determination of the primary tumor.

Patient, tumor, and current and prior treatments were obtained from available medical records. The volume for each patient’s contoured GTV was measured and recorded, and the volumes were compared between stratification groups. Radiation records were obtained for all patients, and pertinent details recorded. Patient, tumor, and treatment characteristics are summarized in Table 1.


Table 1 | Patient Characteristics.



All patients were monitored weekly during their SBRT treatments for acute treatment-related toxicities, which were recorded by medical staff. All toxicities were scored and classified according to the Common Terminology Criteria for Adverse Events (CTCAE), version 4.03. We also recorded instances of hospital admissions or toxicities that developed once patients finished treatment, and were then seen at regular follow-up visits. Table 2 outlines all treatment related toxicities occurring during the course of SBRT.


Table 2 | Radiation Toxicity.



All patients underwent 4D-computed tomography (CT)-guided simulation. RT planning was performed using 3D-CRT Varian Eclipse Versions (version from 2008 to 2011). Treatment volumes were constructed according to the same guidelines used to construct the SBRT fields in RTOG 0236, regardless of the patient’s group. The prescription dose ranged from 40 to 60 Gy, delivered over 3 to 5 fractions, using 6 MV photons. Dose-volume histograms were constructed for doses to the target volume, lungs, hearts, bronchial tree, and ribs, if receiving dose from a proximally targeted lesion. Institutional dose constraints for all of the treated patients represented here are in accordance with RTOG 0236 for the three and five fraction regimens, with the introduction of a rib constraint on September 1, 2012. The rib constraint ensures that for 3 and 5 fractions, 1 cc of rib does not exceed 35.0 Gy and 28.90 Gy, respectively. It is important to note that while our institution formally acknowledges the single rib dose constraint, it is at times compromised when clinically reasonable, in favor of PTV coverage.

Statistical analysis was performed with R version 3.4.2 and was used to generate OS, local failure free survival (LFFS), and progression free survival (PFS) analysis. Three year estimates of survival and local failure were calculated via the method of Kaplan Meier. Acute lung toxicities were documented according to the Common Terminology Criteria for Adverse Events, version 4.03. Treatment response was scored according to the RTOG 0236 protocol. Target lesion delineation was based on planning 4D-CT and most recent diagnostic CT or PET-CT.



Results

Sixty patients and sixty-two tumors were evaluated in this retrospective study. Patient characteristics, as well as staging (AJCC 7th edition), groupings, tumor location, and can be found in Table 1. Of the 62 patients, 39% were male, 61% female, and the median age at diagnosis was 79 years (range, 41-99 years). 54 patients (87.1%) had a smoking history, with a mean pack-years of 47.1. Median dose was 50 Gy (range 40-60 Gy) delivered over a median of 5 fractions (range 3-5).

Regarding tumor characteristics, 18 (29%) lesions were located centrally, defined as within 2 cm of the bronchial tree. 46 lesions (74.2%) were histologically classified as adenocarcinoma, eight (12.9%) were classified as squamous cell carcinoma, one (1.6%) was classified as bronchoalveolar carcinoma, and 7 (11.3%) were indeterminate. The volume for each patient’s contoured GTV was measured and recorded, with a conglomerate cohort mean of 11.0 cm (3). For groups 1, 2, and 3, the GTV means were 8.5 cm (3,) 19.7 cm (3,) and 4.9 cm (3,) respectively, which was statistically different (p = 0.03) between the three groups volumes detected on one way ANOVA test.

Median follow-up, taken from the date of the initial SBRT fraction to the date of last follow-up among survivors, was 34 months, at which time the 67% of all patients remained alive. For group 1, 2, and 3 patients, the Kalpan-Meier estimated 3-year LFFS was 95% (95% CI: 86%-100%), 82%(62% - 100%), and 83% (58-100%), respectively (Figure 1). The estimated 3-year PFS was 59% (42-83%), 40% (21%-78%), and 33% (12%-95%), and the estimated 3-year OS was 58% (41-82%), 60% (37-96%), and 58% (31-100%)), respectively for each group.




Figure 1 | Kaplan Meier Plot of Local Freedom From Relapse by Group, Progression Free Survival by Group, and Overall Survival by Group.



Treatment was relatively well tolerated by the cohort population. 18 patients (29%) developed grade 1-2 toxicity, including: cough (6), fatigue (5), esophagitis (2), dysphagia (2), rib fracture (2), and pneumonitis (1). No patients developed grade 3-4 toxicity. See Table 2. There have been no rib fractures since adoption of the rib constraint at our institution in September 2012. There were no recorded cases of treatment related deaths, inter-fractional treatment delays, or early treatment stops secondary to toxicity.



Discussion

SBRT has emerged as a valuable treatment modality for managing lung carcinoma in various clinical scenarios. In this study, we conducted a single-institution retrospective analysis to investigate the efficacy and safety of lung SBRT in a diverse cohort of NSCLC patients. We confirm institutional competency and explore the role of SBRT in locally recurrent and oligoprogressive disease. In early-stage NSCLC patients, we demonstrate local control and overall survival outcomes comparable to historical outcomes. Numerous prospective trials have reported 3-year local control and overall survival rates ranging from 53-92% and 43-60%, respectively, for T1-T2 inoperable patients treated with SBRT (3–7).

Several studies have demonstrated that SBRT achieves superior overall survival via improved local control. The role of SBRT for early-stage NSCLC patients is well-established. Patients treated with CFRT for early stage NSCLC most often die from a painful uncontrolled primary lesion, and have dismal overall survival rates ranging from 20-40% at three years (15–17). Studies of dose escalation with conventional fractionation, including the Michigan series and RTOG 9311, have similarly shown unsatisfactory results, reporting a 50% treatment failure and 50-78% locoregional control rate, respectively (18, 19). The CHISEL trial, conducted by the Trans-Tasman Radiation Oncology Group and the Australasian Lung Cancer Trials Group, showed in a randomized trial in T1-T2a NSCLC, superior freedom from local failure (HR = 0.29, p = 0.002) and longer overall survival (HR = 0.51, p = 0.020) with SBRT as compared to CFRT (20). SBRT affords higher rates of local tumor control and overall survival by achieving higher biologically effective doses (BED). Martel et al. estimated through analysis of the University of Michigan phase I dose escalation study that 84.5 Gy was required to achieve 50% 30-month tumor control probability (21), and Onishi et al. found in a retrospective multi-institutional study superior local control and overall survival with BED > 100 Gy in stage I NSCLC treated with SBRT (22). Mehta et al. reviewed 42 studies on CFRT and SBRT in stage I NSCLC, and calculated with linear quadratic (LQ) and universal survival curve (USC) models that a BED of at least either 159 Gy (LQ) or 124 Gy (USC) would be required for 90% tumor control probability (23). Our results build on these findings, and support a role for SBRT for patients with locally recurrent or oligoprogressive disease in the lung. Further prospective investigation is warranted.

Indirect comparisons suggest that SBRT may have comparable performance to surgery for early NSCLC. Although SBRT for early-stage NSCLC has not been directly compared to surgery in a completed randomized trial, RTOG 0403 and RTOG 0618 provided evidence that in operable patients, SBRT results in local control and overall survival rates comparable to that of historical controls receiving surgery (7, 8). The only prospective randomized evidence directly comparing SBRT to surgery is a pooled analysis of the STARS and ROSEL studies, which suggested a survival advantage for operable patients receiving SBRT over those who received surgical resection (HR 0.14, p = 0.037), and reported more treatment-related adverse effects in the surgery group (9). The survival curve separation favoring radiotherapy in this early pooled analysis is a well-recognized phenomenon, and has been attributed in both population-based and prospective randomized data to perioperative mortality associated with resection (24–27). However, this advantage may be counteracted by the lack of regional nodal therapy provided by SBRT. Whether the superior treatment-related mortality of SBRT or the potential for superior oncologic control with nodal resection is more important in determining overall survival in NSCLC will need to be assessed in prospective trials comparing both modalities. Patients with locally recurrent or well-controlled metastatic disease and a growing lung lesion will likely benefit less from regional nodal therapy, and hence represent clinical niches well-suited for SBRT. The data presented here support these findings, and also suggest that SBRT may also achieve comparable local control to surgery for more advanced stages of disease.

Our results for SBRT in oligoprogressive NSCLC are consistent with the general literature for oligometastatic disease. The Phase II UTSW trial, with an average 9.6 month follow-up due to early closure due to interim analysis, had median 9.7 month progression-free survival and no local failures with the addition SABR, compared to 3.5 months without (15). Our retrospective study had an 3 year progression free survival and overall survival for oligoprogressive NSCLC estimated around 35% and 58%, respectively are similar to results of Gomez et al. (14) Our study also had no local failures in the first year after treatment. Further work, including Phase III trials results, will be needed to better evaluate the benefit of SBRT in this setting. This includes subgroup analysis to evaluate for differences in outcomes for different histologies and the influence of smoking history. The Phase II/III NRG-LU002 trial, examining the benefit of adding SBRT for oligometastatic NSCLC, completed accrual for its Phase II portion in late 2021, and may open after interim analysis for the planned Phase III portion to evaluate the benefit of adding SBRT to standard maintenance therapy (28). The SARON trial is a phase III trial also evaluating the effectiveness of SBRT in addition to standard chemotherapy (29).

The limitations of this study include its retrospective nature, which could introduce biases in the data. The small number of patients further limits the conclusions that can be drawn. Nevertheless, our data is sufficient to suggest novel clinical niches for the application of SBRT. The broadening of lung SBRT’s use is especially important given the success of targeted systemic and immunotherapies, which has created an expanding cohort of well-controlled recurrent and advanced stage lung cancer patients who may benefit from durable local control. Additionally, earlier detection of lung cancer is leading to increasing numbers of locally-treated early-stage disease for which SBRT is an excellent and well-tolerated salvage option.

As we continue to perfect the delivery of SBRT, our ability to obtain local control and concomitant mitigation of treatment related morbidity will continue to improve. Lung SBRT is an important targeted treatment option in the management of an increasing number of clinical lung cancer presentations. It is upon the Radiation Oncology community to innovate new applications for and to optimize the delivery of SBRT.
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