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Abstract

The past two decades have little to show in the progress of definitive chemoradiation for stage III lung cancer patients. Radiation dose escalation, elective nodal irradiation, prophylactic cranial irradiation, and proton therapy have not shown to improve outcomes. The addition of surgery to the backbone of concurrent chemoradiation has also shown no benefit, except possibly in patients who can undergo a lobectomy. Consolidative chemotherapy, adjuvant gefitinib, induction chemotherapy, pemetrexed for non-squamous histologies, and the addition of cetuximab have also all failed in terms of systemic therapy. Progress has been made only recently with the addition of adjuvant durvalumab, a PD-L1 inhibitor, which significantly improved outcomes in this population and now is part of the standard of care.
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Introduction

In the mid-1990s, several phase III trials across the world, RTOG 9410 in the United States [1], NPC 95-01 study in France [2], and the West Japanese Lung Cancer group [3], improved upon the then non-small cell lung cancer (NSCLC) treatment paradigm of sequential chemotherapy followed by radiation with the use of concurrent chemoradiation. These trials used concurrent platinum based chemotherapy with approximately 60Gy of radiation. Since that time lung cancer screening has been established, stereotactic ablative radiotherapy (SABR/SBRT) has become a new paradigm for stage I NSCLC, and the driver mutation revolution is continually advancing for metastatic disease, but definitive chemoradiation (dCRT) for NSCLC has seen only one major treatment advance to standard of care after the platinum-doublet with 60 Gy of concurrent radiation in the form of adjuvant immunotherapy with the PD-L1 inhibitor durvalumab from the PACIFIC trial [4].

Discussion

The 2017 updated results of RTOG 0617, perhaps the most important dCRT NSCLC trial, is a sobering reminder of the state of dCRT in stage III NSCLC. RTOG 0617 was a 2 x 2 randomized phase III study that attempted to augment the dCRT backbone with either radiation dose escalation to 74Gy or with the incorporation of cetuximab [5]. Unfortunately, the 5 year results show an overall survival (OS) and progression free survival (PFS) in favor of the 60Gy arm 32.1% vs. 23% (p = 0.004) and 18.3% vs. 13% (p=0.055), respectively [6]. The one improvement was that intensity modulated radiation therapy (IMRT) was found to have improved toxicity compared to 3D conformal radiation therapy (3DCRT) with less grade 3 or higher pneumonitis 7.9% v 3.5%, respectively (p = .039) [7]. The importance of radiation dose to the heart (V5, V35, and V40) was found to affect OS and has influenced dosimetry for current and future protocols.

Have any other radiation therapy techniques been able to improve the standard of care? A retrospective review of elective nodal irradiation (ENI) from Memorial Sloan Kettering in 2007 did not find a significant amount of failure in the unirradiated nodal volumes [8]. In the same year a randomized study from China of involved field irradiation (IFI) vs. ENI with concurrent chemotherapy (cisplatin and etoposide for 4-6 cycles) was published [9]. IFI was to a total dose of 68 vs. 74Gy and the ENI arm gave 44Gy followed by a boost of 16-20Gy. ENI volume included the ipsilateral hilum, mediastinum from the clavicle to 0.5-0.8cm below the carina, and the supraclavicular fossa for patients with superior mediastinum metastasis. The study found an improved 5 year OS (25.1% vs. 18.3%) in the IFI patients, thus unable to show any benefit to extended treatment volumes that could potential eradicate microscopic disease. Given the propensity for brain metastases (22-55%) the RTOG 0214 trial looked to the addition of prophylactic cranial irradiation (PCI), to a total dose of 30Gy in 15 fractions, in trying to emulate its success in small cell lung cancer [10]. PCI improved the incidence of brain metastases at 1 year vs. observation 18.0% vs. 7.7% (p = 0.004), but there was no improvement in OS or disease free survival (DFS).

These studies, as well as most of radiation oncology, used photon based radiotherapy, but proton therapy has been used throughout the years with the potential for better conformality given its sharp dose distribution. A trial randomizing patients to passive scattering proton therapy vs. IMRT with the hopes to limit toxicity and improve local control found proton therapy could reduce dose to the heart, but not the mean dose to the lung or esophagus. Protons also did not improve local failure rates 10.9% vs. 10.5%, IMRT vs. protons, respectively [11]. The authors do note that the proton therapy arm during the course of the trial, perhaps due to a learning curve, had a statistically significant improvement in radiation pneumonitis and that protons did reduce heart dose, perhaps eventually leading to improved OS.

Surgical intervention has also been tried to augment chemoradiation. The Intergroup (INT) 0139 investigated dCRT vs. neoadjuvant CRT to 45Gy followed by surgery [12]. The MS for the dCRT was 22.2 months vs. 23.6 months in the surgical arm (p = 0.24). 5 year OS was not statistically significant at 20% vs. 27% (p = 0.10) in the dCRT vs. the surgical arm, respectively. A well known caveat to this trial is that on subset analysis, when comparing those who underwent a lobectomy only to dCRT patients, there was an improvement in survival with a MS of 33.6 months vs. 21.7 months and 5 year OS of 36% vs. 18% (p = 0.002) in the lobectomy and dCRT arms, respectively. The German Lung Cancer Cooperative Group (GLCCG) trial was a convoluted trial where both arms had surgical resection [13]. Each arm had 3 cycles of induction chemotherapy followed by either twice daily concurrent chemoradiation to 45Gy (1.5 Gy BID) (intervention group) vs. surgery (control group). If resection margins were negative, the intervention group received no further therapy, but if patients had either a positive margin, received an exploratory thoracotomy, or were deemed inoperable they received single modality twice daily radiation to 24Gy (1.5 Gy BID). All the patients in the control group received single modality adjuvant radiation to either 54Gy in 1.8Gy fractions for negative margins or 68.4Gy in 1.8Gy fractions for positive margins. The results mimic those of the INT 0139 trial with the primary end point of PFS showing no difference between the interventional group (median PFS 9.5 months/5 year PFS 16%) vs. control group (median PFS 10.0 months/5 year PFS 14%) (p = 0.87) and a caution against pneumonectomies after induction CRT. The recently published ESPATUE study randomized patients after 3 cycles of induction cisplatin 50mg/m2 and paclitaxel 175mg/m2 (days 1 and 8 every 21 days) and concurrent chemoradiation with a cisplatin 50mg/m2 and vinorelbine 20mg/m2 (day 2 and 9) to 45 Gy in 1.5Gy fractions BID to definitive radiation boost dose of 20-26Gy in 2Gy fractions or surgical resection [14]. There was no difference in 5 year OS 40% vs. 44% (p = 0.34) or PFS 35% or 32% (p = 0.75) between the dCRT and surgical arms, respectively.

The story of systemic therapy has also been disappointing with the exception of the previously mentioned PACIFIC trial. The Hoosier Oncology Group, in a phase II study, randomized dCRT patients to consolidative docetaxel 75mg/m2 IV every 21 days [15]. The median survival was 23.2 months in the observation arm vs. 21.2 months for the consolidative docetaxel (p = 0.883). The SWOG S9504 was a single arm study that also explored 3 cycles of the same dose of docetaxel that showed a promising 5 year OS of 29% [16]. The follow up trial SWOG S0023 added gefitinib 500mg (later 250mg) or placebo orally daily for five years or until progression or patient intolerance [17]. Unfortunately, gefitinib was shown to have a detriment to survival with a MS of 23 months vs. 35 months in the placebo arm (p = 0.013). More recently the KCSG-LU05-04 also attempted to add adjuvant docetaxel and cisplatin doublet (35mg/m2 each on days 1 and 8, every 3 weeks) to dCRT [18]. The primary endpoint of the trial was PFS. The median PFS of the adjuvant docetaxel and cisplatin arm was 9.1 vs. 8.1 months in the observation arm (p = 0.36). The median OS was 21.8 in the treatment arm and 20.6 in the observation arm (p = 0.44).

The Cancer and Leukemia Group B (CALGB) 39801 evaluated neoadjuvant therapy with two cycles of carboplatin AUC 6 and paclitaxel 200mg/m2 every 21 days prior to dCRT [19]. There was no difference in either MS 12 vs. 14 months or 2 year OS 29% vs. 31%, in the dCRT only vs. consolidative arms, respectively (p = 0.3). The PROCLAIM trial attempted to improve outcomes by selectively treating non-squamous cell NSCLC with pemetrexed. Pemetrexed 500mg/m2 with cisplatin 75mg/m2 was given IV every 3 weeks concurrently followed by four cycles of consolidation pemetrexed 500mg/m2 IV every 3 weeks [20]. This was compared to dCRT with cisplatin & etoposide followed by two cycles of standard platinum based doublets (cisplatin/ etoposide,  cisplatin/vinorelbine,  or  carboplatin/paclitaxel). 3 year OS was 40% vs. 37% with MS of 26.8 vs. 25.0 months (p = 0.831) showing no difference between the pemetrexed vs. standard arm, respectively. The previously mentioned RTOG 0617 trial added cetuximab, a chimerized IgG1 subclass monoclonal antibody to epidermal growth factor receptor (EGFR, HER1, c-ErbB-1), to dCRT [5]. Just as dose escalation in this trial was ineffective, the MS of those receiving cetuximab was 25.0 months vs. 24.0 months in the no cetuximab arm (p = 0.29).

Amongst all these negative trials, the addition of adjuvant durvalumab is one of the only improvements that have been incorporated into the NCCN guidelines as a standard  for dCRT patients [21]. The PACIFIC trial randomized patients to durvalumab 10mg per kilogram vs. placebo as consolidation after the completion of dCRT every two weeks for up to 12 months [4]. The median PFS was 16.8 months in the immunotherapy arm vs. 5.6 months in the placebo arm and the 18 month PFS was 44.2% vs. 27.0% in the durvalumab and placebo arms respectively (p < 0.001). The trial has not matured enough for OS data, but median time to death or distant metastasis was greater with durvalumab at 23.2 months than 14.6 months seen with placebo (p < 0.001). These results were applicable irrespective of baseline PD-L1 expression.

Conclusion

In conclusion, the standard of care for stage III patients undergoing definitive chemoradiation is dCRT to 60 Gy via IMRT using conscientious heart dose constraints with a platinum doublet followed by durvalumab. Future studies are looking at the addition of SABR [22], hypofractionated concurrent chemoradiation (NCT02619448), PET adaptive radiotherapy (RTOG 1106), individualized treatment based on driver mutation analysis (RTOG 1306), adjuvant nivolumab (RTOG 3505), metformin with dCRT (NRG-LU001), or improved proton techniques using Intensity-Modulated Scanning Beam Proton Therapy (IMPT) With Simultaneous Integrated Boost (SIB) (NCT01629498). Hopefully, the next two decades will bring much needed improvements for our patients.
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