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Abstract

:

Simple Summary


Radiotherapy (RT) is an effective treatment for head and neck squamous cell carcinoma (HNSCC). Concurrent RT with high dose cisplatin (100 mg/m2, days 1, 22, and 42) is the standard of care (SOC) for non-operative HNSCC in curative settings, however, it is associated with both significant toxicities. In this review, we discussed the evidence of combination of anti-epidermal growth factor receptor, cetuximab, or immune checkpoint inhibitors (ICIs) with RT to compare with SOC. Cetuximab has been shown to be a less effective agent than cisplatin multiple recent trials, but it remains a reasonable alternative for those who are not fit for cisplatin. ICIs are active agents in recurrent and metastatic HNSCC. The role of ICIs with RT in the curative setting is yet to be defined. Multiple clinical trials are currently recruiting. Combining ICIs with stereotactic body radiotherapy (SBRT) is an attractive treatment in patients with oligometastatic or oligoprogressive HNSCC to boost the anti-tumor immune response.




Abstract


Radiotherapy plays an important role of managing head and neck squamous cell carcinoma (HNSCC). Concurrent radiotherapy with radiosensitizing cisplastin chemotherapy is the standard of care (SOC) for non-operable locally advanced HNSCC. Cetuximab, a monoclonal antibody of epidermal growth factor receptor, was the most extensively studied targeted therapy as a chemo-sparing agent that was used concurrently with radiotherapy. Immunotherapy is used in the treatment of metastatic HNSCC. There is evidence to support the synergistic effect when combining radiotherapy with immunotherapy to potentiate anti-tumor immune response. There has been increasing interest to incorporate immune checkpoint inhibitor (ICI) with radiotherapy in the curative setting for HNSCC. In this review, we discuss the latest evidence that supports concurrent radiotherapy with cisplatin which remains the SOC for locally advanced HNSCC (LA-HNSCC). Cetuximab is suitable for patients who are not fit for cisplatin. We then summarize the clinical trials that incorporate ICI with radiotherapy for LA-HNSCC in concurrent, neoadjuvant, and adjuvant settings. We also discuss the potential of combining immunotherapy with radiotherapy as a treatment de-escalating strategy in HPV-associated oropharyngeal carcinoma. Finally, the pre-clinical and clinical evidence of the abscopal effect when combining stereotactic body radiotherapy with ICIs is presented.
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1. Introduction


Each year, 700,000 new cases of head and neck squamous cell cancer (HNSCC) are diagnosed worldwide [1]. For curative intent treatment, radiotherapy (RT) plays a crucial role in both early and advanced stage disease as a primary treatment modality to preserve swallowing and speech functions in locally advanced HNSCC. Concurrent radiosensitizing chemotherapy agent (i.e., cisplatin 100 mg/m2 administered every three weeks or 40 mg/m2 administered weekly) with radiotherapy is the current standard of care in locally advanced HNSCC for various head and neck sites [2]. While concurrent chemoradiation offers improved survival outcomes compared to radiotherapy alone, it is associated with acute and late toxicities including mucositis, myelosuppression, nausea/vomiting, hearing loss, and dysphagia that affects patients’ quality of life [3]. Search for equally effective but less toxic targeted therapy (e.g., anti-epidermal growth factor) with radiotherapy has been explored in both pre-clinical studies and clinical trials.



It has been estimated that between 10 and 20% of patients are diagnosed with distant metastasis at presentation [4,5,6,7], and up to 40% of patients ultimately fail distantly after initial curative treatment for locoregional disease with multimodality treatment [8,9].



A combination of cetuximab, an epidermal growth factor receptor antibody, with cisplatin and 5-FU chemotherapy was the first-line systemic therapy of choice for recurrent or metastatic HNSCC [10]. Immune check-point inhibitors, including nivolumab and pembrolizumab, have also been approved by US Food and Drug Administration (FDA) and Australian Pharmaceutical Benefits Scheme (PBS) as second line systemic treatment [11], or first-line monotherapy in patients with high PD-L1 expression [12]. However, the overall response rate is modest even with immunotherapy, up to 30% at best. There is substantial evidence that local irradiation of the tumor can also stimulate systemic immune responses and lead to enhanced tumor cell recognition and killing by immune system [13,14] in various types of tumors including HNSCC. Current trials are investigating the combination of radiotherapy with these agents in both curative and metastatic settings [15,16] in HNSCC. The combination of immunotherapy with radiotherapy may increase the ability to induce immunogenic death.



Recent studies have demonstrated that HNSCC can be divided into two distinct subgroups based on Human Papilloma Virus (HPV) status. While the ‘traditional’ p16/HPV- negative HNSCC is associated with environmental exposures to carcinogens such as tobacco and alcohol, p16/HPV-positive HNSCC is associated with HPV infection with no traditional risk factors such as smoking. HPV-associated HNSCC has been established as a cause of oropharyngeal cancer [17,18], and data suggests that its incidence is rising [19,20] in western countries. Patients with HPV-associated oropharyngeal squamous cell carcinoma (HPV OPSCC) have substantially more favorable disease control rates and overall survival outcome [21,22,23] compared to their HPV-negative counterparts. Studies have focused on examining treatment de-escalation (with the intent of reducing treatment-related toxicities whilst preserving anti-tumor efficacy) in those with HPV OPSCC by combining radiotherapy with targeted therapy or immunotherapy to replace cytotoxic chemotherapy.



In this review, we will describe the rationale of combining radiotherapy with epidermal growth factor receptor (EGFR) targeting and immunotherapy in locally advanced HNSCC (LA-HNSCC) or recurrent/metastatic HNSCC, together with clinical advances in novel treatment regimen. Nasopharyngeal carcinoma, which represent a distinct subgroup of head and neck cancers, often associated with Epstein–Barr virus infection, are not included in this overview.




2. Cetuximab and Radiation


The epidermal growth factor receptor (EGFR) is abnormally activated in epithelial cancers, including head and neck cancers. Overexpression of EGFR is an independent determinant of survival and predictor of locoregional relapse in patients with HNSCC [24,25]. Targeting EGFR is the most extensively studied targeted therapy in HNSCC to date. Cetuximab is a monoclonal EGFR antibody that has demonstrated the capacity to potentiate the effects of radiation in pre-clinical models [26]. It has been used as an alternative chemotherapy-sparing radiosensitizing agent (e.g., cisplatin) for patients with HNSCC [27] who are treated with curative intent. In a pivotal phase III trial, Bonner et al. demonstrated improved locoregional control (LRC, HR 0.68; p = 0.005), progression free survival (PFS, HR 0.70; p = 0.006), and overall survival (OS, HR 0.74; p = 0.03) when cetuximab was added to definitive RT compared to RT alone for locally advanced HNSCC (LA-HNSCC). Based on this study, cetuximab bioradiotherapy together with high-dose cisplatin-based concurrent chemoradiotherapy were both approved by FDA for treatment of head and neck cancer. In recurrent or metastatic HNSCC, adding cetuximab to a platinum/5-fluorouracil doublet (the EXTREME regimen) showed a significant improvement in OS and was the standard first-line palliative treatment [10]. The benefit of adding cetuximab is independent of HPV status in the post hoc-analysis, although the HPV-associated HNSCC had a better response to the EXTREME regimen in recurrent or metastatic settings [28].



With the aim to improve LRC and OS in locally advanced HNSCC, several studies have investigated treatment intensification by adding cetuximab to concurrent chemoradiotherapy (CT-RT) or adding induction chemotherapy to cetuximab bioradiotherapy (cetux-RT). The RTOG 0522 was designed to add cetuximab to the radiation-cisplatin platform, however, it failed to show the benefit of adding cetuximab to high dose cisplatin with radiotherapy in LA-HNSCC [29]. In contrast, the GORTEC 2007-01 trial did show an improved PFS and LRC by adding 3 cycles of carboplatin and fluorouracil to cetux-RT compared with cetux-RT alone [30], but there was no difference in OS. In the GORTEC 2007-02 trial, which was conducted at the same time, the addition of induction chemotherapy (taxotere, cisplatin, fluorouracil, or TPF) followed by cetxu-RT showed no difference in outcomes between the two arms [31]. The concurrent chemotherapy regimen was carboplatin and fluorouracil in both the GORTEC 2007-01 and GORTEC 2007-02 trials.



However, historically, cetuximab was only compared to RT alone but limited comparison was performed with cisplatin in HNSCC. In the TREMPLIN trial [32], concurrent cetuximab with RT was compared with concurrent cisplatin-RT followed by TPF induction chemotherapy in laryngeal cancer. There was no evidence that one treatment was superior to the other, but the number of the patients was small and follow-up was short, which made the conclusion unconvincing [32]. An early retrospective trial from Memorial Sloan Kettering Cancer Centre showed that the cetux-RT was inferior to cisplatin-RT in OS and LRC [33], which casted some doubt on the efficacy of cetuximab compared to cisplatin. The direct comparison of concurrent cetuximab-RT to cisplatin-RT was recently conducted in a randomized trial HPV OPSCC with the study question of if cetuximab can be used as a treatment de-escalation agent as the Bonner’s trial did not show increased toxicity in the cetux-RT arm compared with RT alone [34]. In the high-risk population [21] (T1-T2, N2a-N3 M0 or T3-T4, N0-N3 as per AJCC 7), the NRG-RTOG 1016 [35] was designed as a non-inferior trial to compare concurrent cisplatin (100 mg/m2, days 1, 22, total 200 mg/m2) with cetuximab (400 mg/m2 loading dose then 250 mg/m2 weekly) with 70 Gy radiotherapy delivered over 6 weeks. In total, 805 eligible patients were enrolled. The non-inferiority for cetuximab was pre-specified if the 1-sided 95% upper confidence bound for the hazard ration (HR, cetuximab/cisplatin) is <1.45 (i.e., HR of 1.45 means that patients who were treated with cetuximab could have 1.45 times risk of death). Even with this generous non-inferiority margin the aim was not met. At 5 years follow up, the cisplatin arm had a better 5-year OS (85% vs. 78%, p = 0.02) and PFS (78% vs. 67%, p < 0.001) compared to the cetuximab arm. The cetuximab was considered not non-inferior to cisplatin. Although the worst grade for overall acute and late toxicities was no different between the two arms, those who received cetuximab had 40% more acute toxicity burden compared with those who had cisplatin. Similarly, in the low-risk HPV-associated oropharynx cancer population (non-smokers or lifetime smokers with a smoking history of <10 pack-years), the De-ESCALaTE trial, which randomized 334 patients to concurrent cetuximab or high dose cisplatin with 70 Gy radiotherapy, showed no difference in overall all-grade toxicity events per patient [36]. Although this study was not powered to show a difference in OS, it did demonstrate poorer OS at 2 years (97.5% vs. 89.4%, p = 0.001) and significantly worse LCR and distant control in the cetuximab arm compared to the cisplatin arm. In the subgroup analysis, by excluding patients with advanced T4 or N3 disease (i.e., stage I/II per AJCC 8th edition, very low risk population), concurrent cisplatin continues to demonstrate significantly better OS at 2 years (98.4% vs. 93.2, p = 0.043) compared to cetuximab. Further evidence for cisplatin was demonstrated in the TROG 12.01 trial [37] which showed that concurrent cetuximab did not reduce symptom severity as measured by the MD Anderson Symptom Inventory Head and Neck Symptom Severity Scale (MDASI-HN) and was associated with poorer failure free survival at 3 years (80% vs. 93%, p = 0.015). In summary, the recent studies demonstrate that cisplatin-RT remained the standard of care in HPV-associated oropharynx cancer. Cetuximab remained an option for those who are not fit for concurrent cisplatin chemotherapy.




3. Emergence of Immunotherapy in HNSCC


While it has been well documented that the development of traditional HNSCC is directly linked to carcinogens such as tobacco, alcohol, or HPV infection, there is increased recognition that defects in the immune response play major roles in the establishment and progression of these cancers [38]. The mechanisms include: (1) immune cell dysfunction within the tumor microenvironment (TME) and in the peripheral blood of patients with HNSCC [39]; (2) defects in antigen presenting of tumor cells [40]; (3) secretion of cytokines in the TME in favor of immunosuppression (e.g., TGF-beta) [41]; (4) presence of tumor immunosuppressive cells (e.g., T regulatory cells, tumor associated macrophages, and myeloid derived suppressor cells) [42]; and (5) upregulation of immune checkpoints, including PD-L1 and CTLA-4 [43]. A detailed review of the immune landscape in HNSCC is beyond the scope of this review. Until 2019, a combination of cetuximab/cisplatin/5-FU (EXTREME regimen) was the first-line systemic therapy of choice for recurrent or metastatic HNSCC [10]. The treatment paradigm is changing rapidly with the evidence that immunotherapy with checkpoint inhibitors is active in HNSCC. In 2016, both nivolumab and pembrolizumab received FDA approval for use in platinum-refractory patients with recurrent/metastatic HNSCC based on the CheckMate 141 [11] and Keynote-012 study findings [44]. Pembrolizumab is now FDA-approved as first-line monotherapy in patients with PD-L1 expression (CPS ≥ 1) and also in combination with platinum and 5-FU [12]. Multiple treatment strategies combining ICIs are under investigation, for example, nivolumab plus ipilimumab (CheckMate714 NCT02823574 and CheckMate651 NCT02741570) and durvalumab + tremelimumab (KESTREL NCT02551159).




4. Radiation and Immune Response


There is evidence that locally applied radiation can also stimulate systemic immune responses, leading to enhanced tumor cell recognition and ultimately anti-cancer immunity [13]. Radiation not only causes lethal damage to the tumor cells to release tumor associated antigens (TAAs) [45], but also enhances MHC class I surface expression [46], calreticulin expression [47], and release of HMGB1, a damage-associated molecular pattern (DAMP). These events can lead to dendritic cell (DC) activation, an important arm of the robust immune system [48]. Radiation-induced cytokine release, principally type I and type II interferons, also play a role in DC recruitment [49]. The activated DCs migrate to lymph node to present the antigen to T cells [46] and result in tumor-specific T-cell activation and proliferation [50]. T-cell activation alone is insufficient for tumor eradication. In addition, radiation can encourage lymphocytes to infiltrate into the tumor by two main mechanisms: (1) normalizing tumor vasculature [51] and increasing the expression of endothelial adhesion molecules [52] to enhance immune-cell extravasation; (2) releasing chemokines to attract immune-cell migration and invasion [53]. The finer detail of the radiation-induced tumor immunity is extremely complex and yet to be fully understood, but there is an increasing body of evidence to support the combination of radiotherapy with immunotherapy [14,54].




5. Combining Radiotherapy with Immunotherapy in the Curative Setting


Since the success of using ICIs in the recurrent/metastatic HNSCC, current research focuses on incorporating ICIs into curative treatment. The rationales for the combination are: (1) using immunotherapy as an alternative to cetuximab for those who are unfit for cisplatin chemotherapy; (2) treatment escalation in patients with high-risk disease; (3) as neoadjuvant therapy to select the responders for treatment de-escalation; (4) as an alternative systemic agent from cisplatin for patients with favorable prognosis (e.g., HPV OPSCC). In the following sections, we will discuss current clinical evidence and the trials being conducted.



5.1. Concurrent Immunotherapy with Radiotherapy in Locally Advanced HNSCC


Patients with locally advanced HNSCC have a 5-year OS of only 50% with the current standard treatment of concurrent chemoradiotherapy [2]. Although patients with HPV-associated oropharyngeal SCC have better OS, the 3-year OS is still around 70% for those with high-risk disease [21]. Strategies to improve survival with intensified therapy for patients with high-risk disease have been limited by treatment tolerability due to toxicities [29,55,56]. For those who are fit for cisplatin chemotherapy, a phase IB prospective trial demonstrated that pembrolizumab (200 mg intravenously 7 days before chemoradiotherapy, 2 additional dose on days 15 and 35 during chemoradiation) can be safely delivered with weekly cisplatin 40 mg/m2 and concomitant radiation at 70 Gy [57], with acute toxicities such as mucositis, radiation dermatitis, and dysphagia limited to grade 3. Despite a short follow-up, the early efficacy data was encouraging with 97.1% OS at 2 years in the HPV-associated group (n = 34). Only 1 distant failure occurred. For the HPV-negative cohort (n = 23), the follow up was too short to draw any conclusions. Disappointingly, a phase III JAVELIN 100 trial [58] (Table 1) that added concurrent and adjuvant avelumab to high dose cisplatin (100 mg/m2 on weeks 1, 5 and 7) with 70 Gy RT was terminated in 2019 after the planned interim analysis indicated that adding avelumab to cisplatin with concurrent RT did not demonstrate a statistically significant improvement in PFS [59]. The other two large phase III trials—Keynote 412 and REACH I (Table 1)—have completed recruitment in 2019, and the results are eagerly awaited. The feasibility and safety assessment of combining nivolumab and ipilimumab, a CTLA-4 inhibitor, with concurrent RT in patients with high risk LA-HNSCC was assessed in a single institution clinical trial (n = 24) [60], and early results showed 22% soft tissue ulceration at 3 months post-RT. The management of these ulcerations can be challenging including hyperbaric oxygen, lingual artery embolization and surgical debridement. Radiation-related osteonecrosis, and persistent inflammation were also reported in four patients amongst a small cohort. The RTOG 3504 trial included nivolumab before and after radiotherapy with a variety of concomitant systemic drugs. Whilst it was possible to safely combine nivolumab with all regimens, adjuvant nivolumab after radiotherapy and high dose cisplatin led to excessive Grade ≥ 3 immune related side effects but was feasible in those treated with concurrent weekly cisplatin or cetuximab [61]. Overall, caution is required with treatment escalation when incorporating ICIs into the treatment. Further data is required to support the approach of adding ICIs to standard cisplatin-based chemoradiotherapy in LA-HNSCC.



For those who are not eligible for cisplatin chemotherapy, concurrent cetuximab is the most common concurrent systemic therapy agent for LA-HNSCC treatment. ICI may potential be an agent to improve treatment outcomes in this population. The combination of conventional cetuximab-RT with avelumab (concurrent 10 mg/kg every 2 weeks followed by 4-month maintenance) has been shown to be feasible in a phase I trial [62]. This provides a ground for REACH II (Table 1) to evaluate adding concurrent and maintenance avelumab to concurrent cetuximab-RT. The safety cohort of the first 82 patients randomized showed no increase in grade 3 toxicity, and the trial has been approved to continue the trial without modifications [62]. The PembroRad, a phase II trial (Table 1) to compare concurrent pembrolizumab with cetuximab in concomitance with RT was recently presented at ESMO 2020. Concomitant pembrolizumab with RT did not improve cancer outcomes but appeared less toxic [15]. A phase II/III NRG-HN004 (Table 1) trial is still at phase II stage. It compares the durvalumab, a PD-L1 antibody, with cetuximab and the primary endpoint being OS rate.




5.2. Adjuvant Immunotherapy Post Curative Intent (Chemo) Radiotherapy in HNSCC


In the landmark PACIFIC trial, adjuvant therapy with durvalumab was given following radical chemoradiotherapy in patients with stage III NSCLC, showing significantly improved median PFS (17.2 vs. 5.6 months) and OS at 24 months (66.3%, CI 61.7–70.4 vs. 55.6%, CI 48.9–61.8, p = 0.005) [63]. This strategy is currently being investigated in the IMvoke010 trial for to test the adjuvant monotherapy with atezolizumab in LA-HNSCC patients post curative chemoradiotherapy (Table 1), with the aim to improve local and distant disease control. In the experimental arm, patients receive atezolizumab 1200 mg every 3 weeks for up to 1 year. The primary endpoints are investigator-assessed event-free survival and OS at 54 months after randomization. This study is currently recruiting.



Since 2015, the combined RTOG 9501/Intergroup [64] and EORTC 22,931 [65] analysis identified extracapsular extension and positive margins as high-risk features for HNSCC disease recurrence post-surgery. It has been well demonstrated that concurrent cisplatin with radiotherapy (66 Gy) improves OS in this population [66]. More recently, the potential benefit from the addition of immunotherapy to chemoradiotherapy is being investigated in the GORTEC 2018-01 NIVOPOSTOP phase III randomized trial (Table 1).




5.3. Neo-Adjuvant Immunotherapy


As discussed above, patients with operable LA-HNSCC requires intensive post-operative cisplatin and radiotherapy, however, 35% of patients, particularly those with HPV-negative HNSCC, will develop disease relapse [64,65]. The administration of ICIs prior to the surgery can potentially reduce the risk of subsequent disease recurrence post-operatively and downstage the tumor pre-operatively. Induction chemotherapy has not been proven to improve overall survival when added to concurrent chemoradiotherapy in LA-HNSCC [55,67]. Phase 2 studies (Table 1) with neoadjuvant and adjuvant pembrolizumab have demonstrated pathological responses in approximately 40% of the patients, with acceptable safety profile [68]. The randomized phase III Keynote-689 trial (Table 1), which is currently recruiting, will evaluate the efficacy and safety of neoadjuvant pembrolizumab and adjuvant pembrolizumab plus standard of care in patients with previously untreated resectable LA HNSCC.




5.4. HPV-Associated Oropharyngeal Squamous Cell Carcinoma (HPV-OPSCC)


Patients with HPV-OPSCC have favorable disease control rates and overall survival rates compared to their HPV-negative counterparts [21,22,23]. HPV-OPSCC has a different immunophenotype from HPV-negative HNSCC with increased T-cell infiltration, natural killer cells recruitment, PD-L1 and CTLA-4 expression, and higher tumor mutational burden [69] compared to HPV-negative tumors. In recent years, there has been an increasing interest to explore ICIs as a treatment de-escalation approach in the treatment of HPV-OPSCC in recent years. KEYCHAIN (NCT03383094) and CITHARE (NCT03623646) are two phase II trials investigating pembrolizumab and duvalumab, respectively, in place of cisplatin with radiotherapy to 70 Gy (Table 2). The NRG-HN005 (NCT03952585) is a phase II/III randomized trial comparing nivolumab to cisplatin, with concurrent radiotherapy in patients with low-risk HPV-OPSCC (T1-2 N1 M0 or T3 N0-1 M0 AJCC 8th edition with smoking history <10 pack-years). This trial also compares the two arms with reduced radiotherapy dose to standard dose radiotherapy (70 Gy). The trial is currently in phase II stage to demonstrate non-inferiority in terms of PFS of concurrent reduced-dose RT (60 Gy) with nivolumab or concurrent reduced-dose RT with cisplatin, which is the winning arm in the NRG-HN002 trial [70], to the concurrent standard-dose RT (70 Gy) with high dose cisplatin. In the phase III stage, the trial aimed to demonstrate co-primary endpoints of non-inferiority in PFS and superiority in quality of life as measured by the MDADI of concurrent reduced-dose radiation with nivolumab or cisplatin (Table 2).



A recent study has shown that high intratumoral immune cell (ITIC) CD103 expression (>30%), a marker of tissue-resident memory T cells, is associated with better prognosis in patients with HPV OPSCC [71]. This was further confirmed in the pooled analysis of TROG 12.01 and De-ESCALaTE trials, where ITIC CD103 expression can separate low-risk HPV-OPSCC patients treated with cetuximab-RT into subgroups of excellent and poor prognoses [72]. Populations with high ITIC CD103 expression are a potential target for future de-escalation trials.





6. Recurrent or Metastatic HNSCC and Stereotactic Body Radiotherapy (SBRT)


Since Hellman and Weichselbaum [73] first proposed the existence of a clinically significant state of oligometastases (i.e., tumor metastases to a single or a limited number of organs prior to widespread dissemination), it poses an attractive idea to cure these patients with aggressive local treatment. It has been reported that undergoing salvage surgery and the presence of oligometastatic disease were associated with better OS in recurrent or metastatic HNSCC [74,75]. With the development of stereotactic body radiotherapy (SBRT) technique, which allows precise delivery of an ablative dose of radiotherapy in a small number of fractions (typically 1–10), it has gained significant momentum in recent years to use SBRT to treat oligometastatic disease. To date, there are five reported phase II trials to support the clinical benefit of SBRT in terms of PFS or even OS for patients with oligometastatic disease especially in non-small cell lung cancer [76,77] and prostate cancer [78,79]. The phase II SABR-COMET trial, which included a small number of patients with HNSCC, demonstrated that comprehensive local ablation of all metastatic disease sites (1–5 metastases) has an OS benefit (42% vs. 17% at 5 years, p = 0.006) compared with conventional palliative treatments [80]. The role of radiotherapy in metastatic tumors has expanded to include stereotaxic ablative radiotherapy for oligometastases, as well as more conventional symptom palliation. There is a growing body of evidence, albeit retrospective, to support the use of SBRT for patients with oligometastatic HNSCC [81,82,83,84,85], however, prospective randomized trials are yet to be conducted.




7. Combing Radiotherapy and Immunotherapy in Recurrent or Metastatic HNSCC: Abscopal Effect in HNSCC


The systemic effect of radiotherapy, or “abscopal effect” (from the Latin ab scopus, away from the target) was first introduced by Mole in 1953 to describe the phenomenon of regression of metastatic cancer “at a distance from the irradiated volume but within the same organism” [86]. It has been generally accepted that immune mechanisms are the underlying driving forces [87,88]. With increasing utilization of immunotherapy [89], abscopal effects are being increasingly observed, and efforts to exploit this effect are increasing [90]. Pre-clinical studies have demonstrated synergistic effects of combining immune therapy with radiotherapy to induce the “abscopal effect” [46,91,92]. Since Postow et al. [93] reported a sustained complete response in a patient with metastatic melanoma after treatment with a combination of SBRT to a single paraspinal mass and ipilimumab, the abscopal response has been recognized in an increasing number of case reports of patients receiving radiotherapy and immunotherapy in various tumor types including HNSCC [94,95]. Many patients are appropriate candidates for both radiotherapy and immunotherapy, highlighting the need for data to guide this treatment combination in patients with metastatic disease. The safety of the combined treatment and the impact of the dose, timing, and site of radiotherapy are important factors in the management of the cancer patient [96]. Multiple phase I/II studies that investigate the treatment combination’s efficacy and evaluate the safety are ongoing. In the studies published thus far, it appears that the combination of SBRT and ICIs is tolerable [14]. In a recent pooled analysis of phase 2 PEMBRO-RT trial (NCT02492568) and the MD Anderson trial (NCT02444741), Theelen et al. [97] reported that the concurrent pembrolizumab plus SBRT to one metastatic site leads to 41.7% out-of-field (abscopal) response in patients with metastatic non-small cell lung cancer. The disease control rate in the combined pembrolizumab and SBRT arm was superior compared to the arm of pembrolizumab alone (65.3% vs. 43.4%, p = 0.0071). Patients in the SBRT arm also had an improvement in PFS (9.0 vs. 4.4 months) and OS (19.2 vs. 9 months) compared with those who had pembrolizumab alone. However, in a recent phase 2 study that combine nivolumab with SBRT in metastatic HNSCC, there was no significant difference in objective response rate when SBRT was added to nivolumab compared with nivolumab alone [98]. Interestingly, patients with HPV-OPSCC had an inferior response than HPV negative OPSCC when they are treated with SABR with nivolumab. Additional investigation is warranted to determine the optimal radiotherapy dose and timing, immunotherapeutic agents, number of lesions to be treated, and the appropriate patient cohorts to fully evaluate the potential of the combination of SBRT and immunotherapy in metastatic HNSCC. Currently, a phase I/II trial (NCT03283605) is recruiting to assess the safety and efficacy of a triple treatment combination consisting of the administration of duvalumab and trimelimumab in combination with SBRT to 2–5 extracranial metastatic lesions in HNSCC [16].




8. Conclusions


The HNSCC immune tumor microenvironment is diverse and heterogeneous [69]. The therapeutic potential of radioimmunotherapy in HNSCC is highly promising and the field awaits results from ongoing clinical trials. Although the HPV-related OPSCC cases have more favorable outcomes compared to their HPV-negative counterparts, recent phase 3 studies comparing cisplatin to cetuximab (drug that was expected to have less toxicity) showed that the latter had poorer survival outcomes and disease control than the cisplatin arm, with no difference in toxicities [35,36]. These results serve as a reminder that treatment de-escalation requires careful consideration to achieve the fine balance of cure versus treatment toxicity, particularly in the growing population of young, HPV-related HNSCC patients. To date, no clinical trial has shown that tumoral HPV status predicts the treatment response to immunotherapy in metastatic disease [11], after controlling for PD-L1 status. An accurate prognostic stratification of HPV-associated oropharyngeal carcinoma is required to identify patients who are good responders to immunotherapy and are potentially suitable for treatment de-escalation.







Author Contributions


Conceptualization, D.T.X. and S.P.N.; writing—original draft preparation, D.T.X.; writing—review and editing, R.K., M.W., H.G., T.E. and S.P.N. All authors have read and agreed to the published version of the manuscript.




Funding


Daniel Xing is supported by 2021 Avant Doctor in Training Research Scholarship and RANZCR Research Grant (2021/RANZCR/005).




Conflicts of Interest


The authors declare no conflict of interest.




Abbreviations


RT: radiotherapy; FDA, food and drug administration; PBS, pharmaceutical benefits scheme; EGFR, epidermal growth factor receptor; ICI, immune checkpoint inhibitor; OS, overall survival; PFS, progression free survival; LRC, locoreginal control; SBRT, stereotactic body radiotherapy; HNSCC, head and neck squamous cell carcinoma; HPV, human papillomavirus; HPVOPSCC, HPV-associated oropharyngeal squamous cell carcinoma; SOC, standard of care; LA-HNSCC, locally advance head and neck squamous cell carcinoma; FDA, US Food and Drug Administration; TPF, taxotere, cisplatin, fluorouracil; TME, tumor microenvironment.




References


	



Gupta, B.; Johnson, N.W.; Kumar, N. Global Epidemiology of Head and Neck Cancers: A Continuing Challenge. Oncology 2016, 91, 13–23. [Google Scholar] [CrossRef]

	



Lacas, B.; Carmel, A.; Landais, C.; Wong, S.J.; Licitra, L.; Tobias, J.S.; Burtness, B.; Ghi, M.G.; Cohen, E.E.; Grau, C.; et al. Meta-analysis of chemotherapy in head and neck cancer (MACH-NC): An update on 107 randomized trials and 19,805 patients, on behalf of MACH-NC Group. Radiother. Oncol. 2021, 156, 281–293. [Google Scholar] [CrossRef] [PubMed]

	



Forastiere, A.A.; Zhang, Q.; Weber, R.S.; Maor, M.H.; Goepfert, H.; Pajak, T.F.; Morrison, W.; Glisson, B.; Trotti, A.; Ridge, J.A.; et al. Long-term results of RTOG 91-11: A comparison of three nonsurgical treatment strategies to preserve the larynx in patients with locally advanced larynx cancer. J. Clin. Oncol. 2013, 31, 845–852. [Google Scholar] [CrossRef] [PubMed]

	



Leemans, C.R.; Tiwari, R.; Nauta, J.J.; van der Waal, I.; Snow, G.B. Regional lymph node involvement and its significance in the development of distant metastases in head and neck carcinoma. Cancer 1993, 71, 452–456. [Google Scholar] [CrossRef]

	



Ferlito, A.; Shaha, A.R.; Silver, C.E.; Rinaldo, A.; Mondin, V. Incidence and sites of distant metastases from head and neck cancer. ORL J. Oto-Rhino-Laryngol. Relat. Spec. 2001, 63, 202–207. [Google Scholar] [CrossRef]

	



Leon, X.; Quer, M.; Orus, C.; del Prado Venegas, M.; Lopez, M. Distant metastases in head and neck cancer patients who achieved loco-regional control. Head Neck 2000, 22, 680–686. [Google Scholar] [CrossRef]

	



Dragovic, A.F.; Caudell, J.J.; Spencer, S.A.; Carroll, W.R.; Nabell, L.A.; Bonner, J.A. Locoregional failure and the risk of distant metastasis after modern radiotherapy for head and neck cancer. Head Neck 2013, 35, 381–387. [Google Scholar] [CrossRef] [PubMed]

	



Seiwert, T.Y.; Cohen, E.E. State-of-the-art management of locally advanced head and neck cancer. Br. J. Cancer 2005, 92, 1341–1348. [Google Scholar] [CrossRef] [PubMed]

	



Marur, S.; Forastiere, A.A. Head and Neck Squamous Cell Carcinoma: Update on Epidemiology, Diagnosis, and Treatment. Mayo Clin. Proc. 2016, 91, 386–396. [Google Scholar] [CrossRef]

	



Vermorken, J.B.; Mesia, R.; Rivera, F.; Remenar, E.; Kawecki, A.; Rottey, S.; Erfa, J.; Zabolotnyy, D.; Kienzer, H.; Cupisso, D.; et al. Platinum-based chemotherapy plus cetuximab in head and neck cancer. N. Engl. J. Med. 2008, 359, 1116–1127. [Google Scholar] [CrossRef] [PubMed]

	



Ferris, R.L.; Blumenschein, G., Jr.; Fayette, J.; Guigay, J.; Colevas, A.D.; Licitra, L.; Harrington, K.; Kasper, S.; Vokes, E.E.; Even, C.; et al. Nivolumab for Recurrent Squamous-Cell Carcinoma of the Head and Neck. N. Engl. J. Med. 2016, 375, 1856–1867. [Google Scholar] [CrossRef] [PubMed]

	



Burtness, B.; Harrington, K.J.; Greil, R.; Soulieres, D.; Tahara, M.; de Castro, G., Jr.; Psyrri, A.; Baste, N.; Neupane, P.; Bratland, A.; et al. Pembrolizumab alone or with chemotherapy versus cetuximab with chemotherapy for recurrent or metastatic squamous cell carcinoma of the head and neck (KEYNOTE-048): A randomised, open-label, phase 3 study. Lancet 2019, 394, 1915–1928. [Google Scholar] [CrossRef]

	



Demaria, S.; Golden, E.B.; Formenti, S.C. Role of Local Radiation Therapy in Cancer Immunotherapy. JAMA Oncol. 2015, 1, 1325–1332. [Google Scholar] [CrossRef]

	



Xing, D.; Siva, S.; Hanna, G.G. The Abscopal Effect of Stereotactic Radiotherapy and Immunotherapy: Fool’s Gold or El Dorado? Clin Oncol. 2019, 31, 432–443. [Google Scholar] [CrossRef]

	



Bourhis, J.; Sire, C.; Tao, Y.; Martin, L.; Alfonsi, M.; Prevost, J.B.; Rives, M.; Lafond, C.; Tourani, J.M.; Biau, J.; et al. Pembrolizumab versus cetuximab, concomitant with radiotherapy (RT) in locally advanced head and neck squamous cell carcinoma (LA-HNSCC): Results of the GORTEC 2015-01 “PembroRad” randomized trial. Ann. Oncol. 2020, 31, S1168. [Google Scholar] [CrossRef]

	



Bahig, H.; Aubin, F.; Stagg, J.; Gologan, O.; Ballivy, O.; Bissada, E.; Nguyen-Tan, F.P.; Soulieres, D.; Guertin, L.; Filion, E.; et al. Phase I/II trial of Durvalumab plus Tremelimumab and stereotactic body radiotherapy for metastatic head and neck carcinoma. BMC Cancer 2019, 19, 68. [Google Scholar] [CrossRef]

	



Gillison, M.L.; Chaturvedi, A.K.; Anderson, W.F.; Fakhry, C. Epidemiology of Human Papillomavirus-Positive Head and Neck Squamous Cell Carcinoma. J. Clin. Oncol. 2015, 33, 3235–3242. [Google Scholar] [CrossRef] [PubMed]

	



Gillison, M.L.; D’Souza, G.; Westra, W.; Sugar, E.; Xiao, W.; Begum, S.; Viscidi, R. Distinct risk factor profiles for human papillomavirus type 16-positive and human papillomavirus type 16-negative head and neck cancers. J. Natl. Cancer Inst. 2008, 100, 407–420. [Google Scholar] [CrossRef]

	



Chaturvedi, A.K.; Anderson, W.F.; Lortet-Tieulent, J.; Curado, M.P.; Ferlay, J.; Franceschi, S.; Rosenberg, P.S.; Bray, F.; Gillison, M.L. Worldwide trends in incidence rates for oral cavity and oropharyngeal cancers. J. Clin. Oncol. 2013, 31, 4550–4559. [Google Scholar] [CrossRef] [PubMed]

	



Habbous, S.; Chu, K.P.; Lau, H.; Schorr, M.; Belayneh, M.; Ha, M.N.; Murray, S.; O’Sullivan, B.; Huang, S.H.; Snow, S.; et al. Human papillomavirus in oropharyngeal cancer in Canada: Analysis of 5 comprehensive cancer centres using multiple imputation. CMAJ 2017, 189, E1030–E1040. [Google Scholar] [CrossRef]

	



Ang, K.K.; Harris, J.; Wheeler, R.; Weber, R.; Rosenthal, D.I.; Nguyen-Tan, P.F.; Westra, W.H.; Chung, C.H.; Jordan, R.C.; Lu, C.; et al. Human papillomavirus and survival of patients with oropharyngeal cancer. N. Engl. J. Med. 2010, 363, 24–35. [Google Scholar] [CrossRef]

	



Nguyen-Tan, P.F.; Zhang, Q.; Ang, K.K.; Weber, R.S.; Rosenthal, D.I.; Soulieres, D.; Kim, H.; Silverman, C.; Raben, A.; Galloway, T.J.; et al. Randomized phase III trial to test accelerated versus standard fractionation in combination with concurrent cisplatin for head and neck carcinomas in the Radiation Therapy Oncology Group 0129 trial: Long-term report of efficacy and toxicity. J. Clin. Oncol. 2014, 32, 3858–3866. [Google Scholar] [CrossRef] [PubMed]

	



Fakhry, C.; Westra, W.H.; Li, S.; Cmelak, A.; Ridge, J.A.; Pinto, H.; Forastere, A.; Gillison, M.L. Improved survival of patients with human papillomavirus-positive head and neck squamous cell carcinoma in a prospective clinical trial. J. Natl. Cancer Inst. 2008, 100, 261–269. [Google Scholar] [CrossRef]

	



Ang, K.K.; Berkey, B.A.; Tu, X.; Zhang, H.Z.; Katz, R.; Hammond, E.H.; Fu, K.K.; Milas, L. Impact of epidermal growth factor receptor expression on survival and pattern of relapse in patients with advanced head and neck carcinoma. Cancer Res. 2002, 62, 7350–7356. [Google Scholar] [PubMed]

	



Eriksen, J.G.; Steiniche, T.; Askaa, J.; Alsner, J.; Overgaard, J. The prognostic value of epidermal growth factor receptor is related to tumor differentiation and the overall treatment time of radiotherapy in squamous cell carcinomas of the head and neck. Int. J. Radiat. Oncol. Biol. Phys. 2004, 58, 561–566. [Google Scholar] [CrossRef]

	



Kruser, T.J.; Armstrong, E.A.; Ghia, A.J.; Huang, S.; Wheeler, D.L.; Radinsky, R.; Freeman, D.J.; Harari, P.M. Augmentation of radiation response by panitumumab in models of upper aerodigestive tract cancer. Int. J. Radiat. Oncol. Biol. Phys. 2008, 72, 534–542. [Google Scholar] [CrossRef] [PubMed]

	



Brockstein, B.; Lacouture, M.; Agulnik, M. The role of inhibitors of the epidermal growth factor in management of head and neck cancer. J. Natl. Compr. Cancer Netw. 2008, 6, 696–706. [Google Scholar] [CrossRef]

	



Vermorken, J.B.; Psyrri, A.; Mesia, R.; Peyrade, F.; Beier, F.; de Blas, B.; Celik, I.; Licitra, L. Impact of tumor HPV status on outcome in patients with recurrent and/or metastatic squamous cell carcinoma of the head and neck receiving chemotherapy with or without cetuximab: Retrospective analysis of the phase III EXTREME trial. Ann. Oncol. 2014, 25, 801–807. [Google Scholar] [CrossRef]

	



Ang, K.K.; Zhang, Q.; Rosenthal, D.I.; Nguyen-Tan, P.F.; Sherman, E.J.; Weber, R.S.; Galvin, J.M.; Bonner, J.A.; Harris, J.; El-Naggar, A.K.; et al. Randomized phase III trial of concurrent accelerated radiation plus cisplatin with or without cetuximab for stage III to IV head and neck carcinoma: RTOG 0522. J. Clin. Oncol. 2014, 32, 2940–2950. [Google Scholar] [CrossRef] [PubMed]

	



Tao, Y.; Auperin, A.; Sire, C.; Martin, L.; Khoury, C.; Maingon, P.; Bardet, E.; Kaminsky, M.; Lapeyre, M.; Chatellier, T.; et al. Improved Outcome by Adding Concurrent Chemotherapy to Cetuximab and Radiotherapy for Locally Advanced Head and Neck Carcinomas: Results of the GORTEC 2007-01 Phase III Randomized Trial. J. Clin. Oncol. 2018, 36, 3084–3090. [Google Scholar] [CrossRef]

	



Geoffrois, L.; Martin, L.; De Raucourt, D.; Sun, X.S.; Tao, Y.; Maingon, P.; Buffet, J.; Pointreau, Y.; Sire, C.; Tuchais, C.; et al. Induction Chemotherapy Followed by Cetuximab Radiotherapy Is Not Superior to Concurrent Chemoradiotherapy for Head and Neck Carcinomas: Results of the GORTEC 2007-02 Phase III Randomized Trial. J. Clin. Oncol. 2018, 36, 3077–3083. [Google Scholar] [CrossRef]

	



Lefebvre, J.L.; Pointreau, Y.; Rolland, F.; Alfonsi, M.; Baudoux, A.; Sire, C.; de Raucourt, D.; Malard, O.; Degardin, M.; Tuchais, C.; et al. Induction chemotherapy followed by either chemoradiotherapy or bioradiotherapy for larynx preservation: The TREMPLIN randomized phase II study. J. Clin. Oncol. 2013, 31, 853–859. [Google Scholar] [CrossRef] [PubMed]

	



Koutcher, L.; Sherman, E.; Fury, M.; Wolden, S.; Zhang, Z.; Mo, Q.; Stewart, L.; Schupak, K.; Gelblum, D.; Wong, R.; et al. Concurrent cisplatin and radiation versus cetuximab and radiation for locally advanced head-and-neck cancer. Int. J. Radiat. Oncol. Biol. Phys. 2011, 81, 915–922. [Google Scholar] [CrossRef] [PubMed]

	



Bonner, J.A.; Harari, P.M.; Giralt, J.; Azarnia, N.; Shin, D.M.; Cohen, R.B.; Johne, C.U.; Sur, R.; Raben, D.; Jassem, J.; et al. Radiotherapy plus cetuximab for squamous-cell carcinoma of the head and neck. N. Engl. J. Med. 2006, 354, 567–578. [Google Scholar] [CrossRef]

	



Gillison, M.L.; Trotti, A.M.; Harris, J.; Eisbruch, A.; Harari, P.M.; Adelstein, D.J.; Jordan, R.C.K.; Zhao, W.; Sturgis, E.M.; Burtness, B.; et al. Radiotherapy plus cetuximab or cisplatin in human papillomavirus-positive oropharyngeal cancer (NRG Oncology RTOG 1016): A randomised, multicentre, non-inferiority trial. Lancet 2019, 393, 40–50. [Google Scholar] [CrossRef]

	



Mehanna, H.; Robinson, M.; Hartley, A.; Kong, A.; Foran, B.; Fulton-Lieuw, T.; Dalby, M.; Mistry, P.; Sen, M.; O’Toole, L.; et al. Radiotherapy plus cisplatin or cetuximab in low-risk human papillomavirus-positive oropharyngeal cancer (De-ESCALaTE HPV): An open-label randomised controlled phase 3 trial. Lancet 2019, 393, 51–60. [Google Scholar] [CrossRef]

	



Rischin, D.; King, M.; Kenny, L.; Porceddu, S.; Wratten, C.; Macann, A.; Jackson, J.E.; Bressel, M.; Herschtal, A.; Fisher, R.; et al. Randomized Trial of Radiation Therapy With Weekly Cisplatin or Cetuximab in Low-Risk HPV-Associated Oropharyngeal Cancer (TROG 12.01)—A Trans-Tasman Radiation Oncology Group Study. Int. J. Radiat. Oncol. Biol. Phys. 2021, 111, 876–886. [Google Scholar] [CrossRef]

	



Ferris, R.L. Immunology and Immunotherapy of Head and Neck Cancer. J. Clin. Oncol. 2015, 33, 3293–3304. [Google Scholar] [CrossRef]

	



Czystowska, M.; Gooding, W.; Szczepanski, M.J.; Lopez-Abaitero, A.; Ferris, R.L.; Johnson, J.T.; Whiteside, T.L. The immune signature of CD8(+)CCR7(+) T cells in the peripheral circulation associates with disease recurrence in patients with HNSCC. Clin. Cancer Res. 2013, 19, 889–899. [Google Scholar] [CrossRef]

	



Concha-Benavente, F.; Srivastava, R.; Ferrone, S.; Ferris, R.L. Immunological and clinical significance of HLA class I antigen processing machinery component defects in malignant cells. Oral Oncol. 2016, 58, 52–58. [Google Scholar] [CrossRef] [PubMed]

	



Takahashi, H.; Sakakura, K.; Kudo, T.; Toyoda, M.; Kaira, K.; Oyama, T.; Chikamatsu, K. Cancer-associated fibroblasts promote an immunosuppressive microenvironment through the induction and accumulation of protumoral macrophages. Oncotarget 2017, 8, 8633–8647. [Google Scholar] [CrossRef] [PubMed]

	



Pak, A.S.; Wright, M.A.; Matthews, J.P.; Collins, S.L.; Petruzzelli, G.J.; Young, M.R. Mechanisms of immune suppression in patients with head and neck cancer: Presence of CD34(+) cells which suppress immune functions within cancers that secrete granulocyte-macrophage colony-stimulating factor. Clin. Cancer Res. 1995, 1, 95–103. [Google Scholar]

	



Lyford-Pike, S.; Peng, S.; Young, G.D.; Taube, J.M.; Westra, W.H.; Akpeng, B.; Bruno, T.C.; Richmon, J.D.; Wang, H.; Bishop, J.A.; et al. Evidence for a role of the PD-1:PD-L1 pathway in immune resistance of HPV-associated head and neck squamous cell carcinoma. Cancer Res. 2013, 73, 1733–1741. [Google Scholar] [CrossRef] [PubMed]

	



Seiwert, T.Y.; Burtness, B.; Mehra, R.; Weiss, J.; Berger, R.; Eder, J.P.; Heath, K.; McClanahan, T.; Lunceford, J.; Gause, C.; et al. Safety and clinical activity of pembrolizumab for treatment of recurrent or metastatic squamous cell carcinoma of the head and neck (KEYNOTE-012): An open-label, multicentre, phase 1b trial. Lancet Oncol. 2016, 17, 956–965. [Google Scholar] [CrossRef]

	



Lugade, A.A.; Moran, J.P.; Gerber, S.A.; Rose, R.C.; Frelinger, J.G.; Lord, E.M. Local Radiation Therapy of B16 Melanoma Tumors Increases the Generation of Tumor Antigen-Specific Effector Cells That Traffic to the Tumor. J. Immunol. 2005, 174, 7516–7523. [Google Scholar] [CrossRef]

	



Sharabi, A.B.; Nirschl, C.J.; Kochel, C.M.; Nirschl, T.R.; Francica, B.J.; Velarde, E.; Deweese, T.L.; Drake, C.G. Stereotactic Radiation Therapy Augments Antigen-Specific PD-1-Mediated Antitumor Immune Responses via Cross-Presentation of Tumor Antigen. Cancer Immunol. Res. 2015, 3, 345–355. [Google Scholar] [CrossRef]

	



Gameiro, S.R.; Jammeh, M.L.; Wattenberg, M.M.; Tsang, K.Y.; Ferrone, S.; Hodge, J.W. Radiation-induced immunogenic modulation of tumor enhances antigen processing and calreticulin exposure, resulting in enhanced T-cell killing. Oncotarget 2014, 5, 403–416. [Google Scholar] [CrossRef]

	



Gupta, A.; Probst, H.C.; Vuong, V.; Landshammer, A.; Muth, S.; Yagita, H.; Schwendener, R.; Pruschy, M.; Knuth, A.; van den Broek, M. Radiotherapy promotes tumor-specific effector CD8+ T cells via dendritic cell activation. J. Immunol. 2012, 189, 558–566. [Google Scholar] [CrossRef]

	



Gerber, S.A.; Sedlacek, A.L.; Cron, K.R.; Murphy, S.P.; Frelinger, J.G.; Lord, E.M. IFN-gamma mediates the antitumor effects of radiation therapy in a murine colon tumor. Am. J. Pathol. 2013, 182, 2345–2354. [Google Scholar] [CrossRef]

	



Lee, Y.; Auh, S.L.; Wang, Y.; Burnette, B.; Wang, Y.; Meng, Y.; Beckett, M.; Sharma, R.; Chin, R.; Tu, T.; et al. Therapeutic effects of ablative radiation on local tumor require CD8+ T cells: Changing strategies for cancer treatment. Blood 2009, 114, 589–595. [Google Scholar] [CrossRef]

	



Ganss, R.; Ryschich, E.; Klar, E.; Arnold, B.; Hammerling, G.J. Combination of T-cell therapy and trigger of inflammation induces remodeling of the vasculature and tumor eradication. Cancer Res. 2002, 62, 1462–1470. [Google Scholar]

	



Hallahan, D.; Kuchibhotla, J.; Wyble, C. Cell adhesion molecules mediate radiation-induced leukocyte adhesion to the vascular endothelium. Cancer Res. 1996, 56, 5150–5155. [Google Scholar]

	



Matsumura, S.; Wang, B.; Kawashima, N.; Braunstein, S.; Badura, M.; Cameron, T.O.; Babb, J.S.; Schneider, R.J.; Formenti, S.C.; Dustin, M.L.; et al. Radiation-induced CXCL16 release by breast cancer cells attracts effector T cells. J. Immunol. 2008, 181, 3099–3107. [Google Scholar] [CrossRef]

	



Kabiljo, J.; Harpain, F.; Carotta, S.; Bergmann, M. Radiotherapy as a Backbone for Novel Concepts in Cancer Immunotherapy. Cancers 2019, 12, 79. [Google Scholar] [CrossRef] [PubMed]

	



Haddad, R.; O’Neill, A.; Rabinowits, G.; Tishler, R.; Khuri, F.; Adkins, D.; Clark, J.; Sarlis, N.; Lorch, J.; Beitler, J.J.; et al. Induction chemotherapy followed by concurrent chemoradiotherapy (sequential chemoradiotherapy) versus concurrent chemoradiotherapy alone in locally advanced head and neck cancer (PARADIGM): A randomised phase 3 trial. Lancet Oncol. 2013, 14, 257–264. [Google Scholar] [CrossRef]

	



Rischin, D.; Peters, L.J.; O’Sullivan, B.; Giralt, J.; Fisher, R.; Yuen, K.; Trotti, A.; Bernier, J.; Bourhis, J.; Ringash, J.; et al. Tirapazamine, cisplatin, and radiation versus cisplatin and radiation for advanced squamous cell carcinoma of the head and neck (TROG 02.02, HeadSTART): A phase III trial of the Trans-Tasman Radiation Oncology Group. J. Clin. Oncol. 2010, 28, 2989–2995. [Google Scholar] [CrossRef] [PubMed]

	



Powell, S.F.; Gold, K.A.; Gitau, M.M.; Sumey, C.J.; Lohr, M.M.; McGraw, S.C.; Nowak, R.K.; Jensen, A.W.; Blanchard, M.J.; Fischer, C.D.; et al. Safety and Efficacy of Pembrolizumab With Chemoradiotherapy in Locally Advanced Head and Neck Squamous Cell Carcinoma: A Phase IB Study. J. Clin. Oncol. 2020, 38, 2427–2437. [Google Scholar] [CrossRef] [PubMed]

	



Yu, Y.; Lee, N.Y. JAVELIN Head and Neck 100: A Phase III trial of avelumab and chemoradiation for locally advanced head and neck cancer. Future Oncol. 2019, 15, 687–694. [Google Scholar] [CrossRef]

	



Cohen, E.E.; Ferris, R.L.; Psyrri, A.; Haddad, R.; Tahara, M.; Bourhis, J.; Harrington, K.J.; Chang, P.M.H.; Lin, J.C.; Razaq, M.; et al. Primary results of the phase III JAVELIN head & neck 100 trial: Avelumab plus chemoradiotherapy (CRT) followed by avelumab maintenance vs CRT in patients with locally advanced squamous cell carcinoma of the head and neck (LA SCCHN). Ann. Oncol. 2020, 31, S658. [Google Scholar]

	



Manukian, G.; Johnson, J.; Luginbuhl, A.; Curry, J.M.; Cognetti, D.; Keith, S.; Axelrod, R.; Rodeck, U.; Harshyne, L.; Argiris, A.; et al. Nivolumab and Ipilimumab Combined with Definitive Radiation Therapy in Locally Advanced Squamous Cell Carcinoma of the Head and Neck: In-field Toxicity Analysis of a Phase I Clinical Trial. Int. J. Radiat. Oncol. Biol. Phys. 2020, 108, S106–S107. [Google Scholar] [CrossRef]

	



Gillison, M.L.; Ferris, R.L.; Harris, J.; Colevas, A.D.; Mell, L.K.; Kong, C.; Jordan, R.C.; Moore, K.; Truong, M.T.; Kirsch, C.; et al. Safety and disease control achieved with the addition of nivolumab (Nivo) to chemoradiotherapy (CRT) for intermediate (IR) and high-risk (HR) local-regionally advanced head and neck squamous cell carcinoma (HNSCC): RTOG Foundation 3504. J. Clin. Oncol. 2019, 37, 6073. [Google Scholar] [CrossRef]

	



Tao, Y.; Auperin, A.; Sun, X.; Sire, C.; Martin, L.; Coutte, A.; Lafond, C.; Miroir, J.; Liem, X.; Rolland, F.; et al. Avelumab-cetuximab-radiotherapy versus standards of care in locally advanced squamous-cell carcinoma of the head and neck: The safety phase of a randomised phase III trial GORTEC 2017-01 (REACH). Eur. J. Cancer 2020, 141, 21–29. [Google Scholar] [CrossRef]

	



Antonia, S.J.; Villegas, A.; Daniel, D.; Vicente, D.; Murakami, S.; Hui, R.; Kurata, T.; Chiappori, A.; Lee, K.H.; de Wit, M.; et al. Overall Survival with Durvalumab after Chemoradiotherapy in Stage III NSCLC. N. Engl. J. Med. 2018, 379, 2342–2350. [Google Scholar] [CrossRef] [PubMed]

	



Cooper, J.S.; Pajak, T.F.; Forastiere, A.A.; Jacobs, J.; Campbell, B.H.; Saxman, S.B.; Kish, J.A.; Kim, H.E.; Cmelak, A.J.; Rotman, M.; et al. Postoperative concurrent radiotherapy and chemotherapy for high-risk squamous-cell carcinoma of the head and neck. N. Engl. J. Med. 2004, 350, 1937–1944. [Google Scholar] [CrossRef]

	



Bernier, J.; Domenge, C.; Ozsahin, M.; Matuszewska, K.; Lefebvre, J.L.; Greiner, R.H.; Giralt, J.; Maingon, P.; Rolland, F.; Bolla, M.; et al. Postoperative irradiation with or without concomitant chemotherapy for locally advanced head and neck cancer. N. Engl. J. Med. 2004, 350, 1945–1952. [Google Scholar] [CrossRef]

	



Bernier, J.; Cooper, J.S.; Pajak, T.F.; van Glabbeke, M.; Bourhis, J.; Forastiere, A.; Ozsahin, E.M.; Jacobs, J.R.; Jassem, J.; Ang, K.K.; et al. Defining risk levels in locally advanced head and neck cancers: A comparative analysis of concurrent postoperative radiation plus chemotherapy trials of the EORTC (#22931) and RTOG (#9501). Head Neck 2005, 27, 843–850. [Google Scholar]

	



Cohen, E.E.; Karrison, T.G.; Kocherginsky, M.; Mueller, J.; Egan, R.; Huang, C.H.; Brockstein, B.E.; Agulnik, M.B.; Mittal, B.B.; Yunus, F.; et al. Phase III randomized trial of induction chemotherapy in patients with N2 or N3 locally advanced head and neck cancer. J. Clin. Oncol. 2014, 32, 2735–2743. [Google Scholar] [CrossRef] [PubMed]

	



Uppaluri, R.; Campbell, K.M.; Egloff, A.M.; Zolkind, P.; Skidmore, Z.L.; Nussenbaum, B.; Paniello, R.C.; Rich, J.T.; Jackson, R.; Pipkorn, P.; et al. Neoadjuvant and Adjuvant Pembrolizumab in Resectable Locally Advanced, Human Papillomavirus-Unrelated Head and Neck Cancer: A Multicenter, Phase II Trial. Clin. Cancer Res. 2020, 26, 5140–5152. [Google Scholar] [CrossRef] [PubMed]

	



Solomon, B.; Young, R.J.; Rischin, D. Head and neck squamous cell carcinoma: Genomics and emerging biomarkers for immunomodulatory cancer treatments. Semin. Cancer Biol. 2018, 52 Pt 2, 228–240. [Google Scholar] [CrossRef]

	



Yom, S.S.; Torres-Saavedra, P.; Caudell, J.J.; Waldron, J.N.; Gillison, M.L.; Xia, P.; Truong, M.T.; Kong, C.; Jordan, R.; Subramaniam, R.M.; et al. Reduced-Dose Radiation Therapy for HPV-Associated Oropharyngeal Carcinoma (NRG Oncology HN002). J. Clin. Oncol. 2021, 39, 956–965. [Google Scholar] [CrossRef]

	



Solomon, B.; Young, R.J.; Bressel, M.; Cernelc, J.; Savas, P.; Liu, H.; Urban, D.; Thai, A.; Cooper, C.; Fua, T.; et al. Identification of an excellent prognosis subset of human papillomavirus-associated oropharyngeal cancer patients by quantification of intratumoral CD103+ immune cell abundance. Ann. Oncol. 2019, 30, 1638–1646. [Google Scholar] [CrossRef]

	



Rischin, D.; Mehanna, H.M.; Young, R.J.; Bressel, M.; Dunn, J.; Corry, J.; Fulton-Lieuw, T.; Iqbal, G.; Kenny, L.M.; Porceddu, S.; et al. Identification of good and poor prognosis HPV associated oropharyngeal cancer based on CD103 immune cell expression in patients treated with cetuximab and radiotherapy on TROG 12.01 and De-ESCALaTE randomized trials. J. Clin. Oncol. 2021, 39, 109. [Google Scholar] [CrossRef]

	



Hellman, S.; Weichselbaum, R.R. Oligometastases. J. Clin. Oncol. 1995, 13, 8–10. [Google Scholar] [CrossRef] [PubMed]

	



Leeman, J.E.; Li, J.; Pei, X.; Venigalla, P.; Zumsteg, Z.S.; Katsoulakis, E.; Lupovitch, E.; McBride, S.M.; Tsai, C.J.; Obyle, J.O.; et al. Patterns of treatment failure and postrecurrence outcomes among patients with locally advanced head and neck squamous cell carcinoma after chemoradiotherapy using modern radiation techniques. JAMA Oncol. 2017, 3, 1487–1494. [Google Scholar] [CrossRef] [PubMed]

	



Berzenji, D.; Sewnaik, A.; Keereweer, S.; Monserez, D.A.; Verduijn, G.M.; van Meerten, E.; Mast, H.; Mureau, M.A.M.; van der Lugt, A.; Koljenovic, S.; et al. Dissemination patterns and chronology of distant metastasis affect survival of patients with head and neck squamous cell carcinoma. Oral Oncol. 2021, 119, 105356. [Google Scholar] [CrossRef]

	



Gomez, D.R.; Tang, C.; Zhang, J.; Blumenschein, G.R., Jr.; Hernandez, M.; Lee, J.J.; Ye, R.; Palma, D.A.; Louie, A.V.; Camdge, D.R.; et al. Local Consolidative Therapy Vs. Maintenance Therapy or Observation for Patients with Oligometastatic Non-Small-Cell Lung Cancer: Long-Term Results of a Multi-Institutional, Phase II, Randomized Study. J. Clin. Oncol. 2019, 37, 1558–1565. [Google Scholar] [CrossRef]

	



Iyengar, P.; Wardak, Z.; Gerber, D.E.; Tumati, V.; Ahn, C.; Hughes, R.S.; Dowell, J.E.; Cheedella, N.; Nedzi, L.; Westover, K.D.; et al. Consolidative Radiotherapy for Limited Metastatic Non-Small-Cell Lung Cancer: A Phase 2 Randomized Clinical Trial. JAMA Oncol. 2018, 4, e173501. [Google Scholar] [CrossRef]

	



Ost, P.; Reynders, D.; Decaestecker, K.; Fonteyne, V.; Lumen, N.; De Bruycker, A.; Lambert, B.; Delrue, L.; Bultijnck, R.; Claeys, T.; et al. Surveillance or Metastasis-Directed Therapy for Oligometastatic Prostate Cancer Recurrence: A Prospective, Randomized, Multicenter Phase II Trial. J. Clin. Oncol. 2018, 36, 446–453. [Google Scholar] [CrossRef] [PubMed]

	



Phillips, R.; Shi, W.Y.; Deek, M.; Radwan, N.; Lim, S.J.; Antonarakis, E.S.; Rowe, S.P.; Ross, A.E.; Gorin, M.A.; Deville, C.; et al. Outcomes of Observation vs Stereotactic Ablative Radiation for Oligometastatic Prostate Cancer: The ORIOLE Phase 2 Randomized Clinical Trial. JAMA Oncol. 2020, 6, 650–659. [Google Scholar] [CrossRef]

	



Palma, D.A.; Olson, R.; Harrow, S.; Gaede, S.; Louie, A.V.; Haasbeek, C.; Mulroy, L.; Lock, M.; Rodrigues, G.B.; Yaremko, B.P.; et al. Stereotactic Ablative Radiotherapy for the Comprehensive Treatment of Oligometastatic Cancers: Long-Term Results of the SABR-COMET Phase II Randomized Trial. J. Clin. Oncol. 2020, 38, 2830–2838. [Google Scholar] [CrossRef]

	



Bonomo, P.; Greto, D.; Desideri, I.; Loi, M.; Di Cataldo, V.; Orlandi, E.; Iacovelli, N.A.; Becherini, C.; Visani, L.; Salvestrini, V.; et al. Clinical outcome of stereotactic body radiotherapy for lung-only oligometastatic head and neck squamous cell carcinoma: Is the deferral of systemic therapy a potential goal? Oral Oncol. 2019, 93, 1–7. [Google Scholar] [CrossRef]

	



Bates, J.E.; De Leo, A.N.; Morris, C.G.; Amdur, R.J.; Dagan, R. Oligometastatic squamous cell carcinoma of the head and neck treated with stereotactic body ablative radiotherapy: Single-institution outcomes. Head Neck 2019, 41, 2309–2314. [Google Scholar] [CrossRef] [PubMed]

	



Franzese, C.; Badalamenti, M.; Teriaca, A.; De Virgilio, A.; Mercante, G.; Cavina, R.; Ferrari, D.; Santoro, A.; Spriano, G.; Scoretti, M. Metastasis-directed stereotactic body radiation therapy in the management of oligometastatic head and neck cancer. J. Cancer Res. Clin. Oncol. 2021, 147, 1307–1313. [Google Scholar] [CrossRef] [PubMed]

	



Fleming, C.W.; Ward, M.C.; Woody, N.M.; Joshi, N.P.; Greskovich, J.F., Jr.; Rybicki, L.; Xiong, D.; Contrera, K.; Chute, D.J.; Milas, Z.L.; et al. Identifying an oligometastatic phenotype in HPV-associated oropharyngeal squamous cell cancer: Implications for clinical trial design. Oral Oncol. 2021, 112, 105046. [Google Scholar] [CrossRef]

	



Pasalic, D.; Betancourt-Cuellar, S.L.; Taku, N.; Ludmir, E.B.; Lu, Y.; Allen, P.K.; Tang, C.; Antonoff, M.B.; Fuller, C.D.; Rosenthal, D.I.; et al. Outcomes and toxicities following stereotactic ablative radiotherapy for pulmonary metastases in patients with primary head and neck cancer. Head Neck 2020, 42, 1939–1953. [Google Scholar] [CrossRef] [PubMed]

	



Mole, R.H. Whole body irradiation; Radiobiology or medicine? Br. J. Radiol. 1953, 26, 234–241. [Google Scholar] [CrossRef]

	



Demaria, S.; Ng, B.; Devitt, M.L.; Babb, J.S.; Kawashima, N.; Liebes, L.; Formenti, S.C. Ionizing radiation inhibition of distant untreated tumors (abscopal effect) is immune mediated. Int. J. Radiat. Oncol. Biol. Phys. 2004, 58, 862–870. [Google Scholar] [CrossRef]

	



Chen, D.; Verma, V.; Patel, R.R.; Barsoumian, H.B.; Cortez, M.A.; Welsh, J.W. Absolute Lymphocyte Count Predicts Abscopal Responses and Outcomes in Patients Receiving Combined Immunotherapy and Radiation Therapy: Analysis of 3 Phase 1/2 Trials. Int. J. Radiat. Oncol. Biol. Phys. 2020, 108, 196–203. [Google Scholar] [CrossRef]

	



Couzin-Frankel, J. Cancer Immunotherapy. Science 2013, 342, 1432–1433. [Google Scholar] [CrossRef]

	



Hanna, G.G.; Coyle, V.M.; Prise, K.M. Immune modulation in advanced radiotherapies: Targeting out-of-field effects. Cancer Lett. 2015, 368, 246–251. [Google Scholar] [CrossRef]

	



Dewan, M.Z.; Galloway, A.E.; Kawashima, N.; Dewyngaert, J.K.; Babb, J.S.; Formenti, S.C.; Demaria, S. Fractionated but not single-dose radiotherapy induces an immune-mediated abscopal effect when combined with anti-CTLA-4 antibody. Clin. Cancer Res. 2009, 15, 5379–5388. [Google Scholar] [CrossRef]

	



Deng, L.; Liang, H.; Burnette, B.; Beckett, M.; Darga, T.; Weichselbaum, R.R.; Fu, Y.X. Irradiation and anti-PD-L1 treatment synergistically promote antitumor immunity in mice. J. Clin. Investig. 2014, 124, 687–695. [Google Scholar] [CrossRef] [PubMed]

	



Postow, M.A.; Callahan, M.K.; Barker, C.A.; Yamada, Y.; Yuan, J.; Kitano, S.; Mu, Z.; Rasalan, T.; Adamow, M.; Ritter, E.; et al. Immunologic correlates of the abscopal effect in a patient with melanoma. N. Engl. J. Med. 2012, 366, 925–931. [Google Scholar] [CrossRef] [PubMed]

	



Choi, J.S.; Sansoni, E.R.; Lovin, B.D.; Lindquist, N.R.; Phan, J.; Mayo, L.L.; Ferrarotto, R.; Su, S.Y. Abscopal Effect Following Immunotherapy and Combined Stereotactic Body Radiation Therapy in Recurrent Metastatic Head and Neck Squamous Cell Carcinoma: A Report of Two Cases and Literature Review. Ann. Otol. Rhinol. Laryngol. 2020, 129, 517–522. [Google Scholar] [CrossRef]

	



Mazzaschi, G.; Tommasi, C.; Pietri, E.; Corcione, L.; De Giorgi, A.; Bini, P.; Bui, S. Abscopal effect as part of treatment of oligometastatic head and neck cancer: A case report. Clin. Case Rep. 2021, 9, 1334–1338. [Google Scholar] [CrossRef]

	



Bang, A.; Schoenfeld, J.D. Immunotherapy and radiotherapy for metastatic cancers. Ann. Palliat. Med. 2019, 8, 312–325. [Google Scholar] [CrossRef]

	



Theelen, W.S.M.E.; Chen, D.; Verma, V.; Hobbs, B.P.; Peulen, H.M.U.; Aerts, J.G.J.V.; Bahce, I.; Niemeijer, A.L.N.; Chang, J.Y.; de Groot, P.M.; et al. Pembrolizumab with or without radiotherapy for metastatic non-small-cell lung cancer: A pooled analysis of two randomised trials. Lancet Respir. Med. 2021, 9, 467–475. [Google Scholar] [CrossRef]

	



McBride, S.; Sherman, E.; Tsai, C.J.; Baxi, S.; Aghalar, J.; Eng, J.; Zhi, W.I.; McFarland, D.; Michel, L.S.; Young, R.; et al. Randomized Phase II Trial of Nivolumab with Stereotactic Body Radiotherapy Versus Nivolumab Alone in Metastatic Head and Neck Squamous Cell Carcinoma. J. Clin. Oncol. 2021, 39, 30–37. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Phase II/III trials involving RT with immunotherapy in locally advanced HNSCC.
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Study Name/NCT Number

	
Phase

	
Study Arm

	
Reference Arm

	
No.

	
Primary Endpoint

	
Status/Result






	
Concurrent immunotherapy—eligible for high-dose cisplatin




	
JAVELIN 100

NCT02952586

	
III

	
Avelumab + Cis + RT + adjuvant Avelumab

	
Cis + Placebo + RT

	
697

	
PFS

	
Terminated in 2019 due to futility




	
REACH I

NCT02999088

	
III

	
Avelumab + Cis + RT

Avelumab + Cetuximab + RT

	
Cis +RT

	
688

	
PFS at 6 years

	
Accrual completed in 2019




	
Keynote 412

NCT03040999

	
III

	
Pembro + Cis + RT +adjuvant Pembro

	
Cis + Placebo + RT

	
780

	
EFS at 5 years

	
Accrual completed in 2019




	
CA2099TM

Cohort 2

NTC03349710

	
III

	
Nivolumab +Cis + RT → adjuvant Nivo *6 cycle

	
RT + Cis → Placebo

	
68

	
Incidence of adverse events up to 12 months

	
Closed




	
CA2099TM Cohort 1

	
III

	
RT + Nivo → adjuvant Nivo *6 cycle

	
RT + Cetuximab → Placebo




	
Concurrent immunotherapy—ineligible for high-dose cisplatin




	
PembroRad GORTEC 2015-01

NCT02707588

	
II

	
RT + Pembro

	
RT + Cetuximab

	
131

	
Locoregional control at 15 months

	
Accrual completed in 2018




	
NRG-HN004

NCT03258554

	
II/III

	
RT + Durvalumab

	
RT + Cetuximab

	
523

	
Phase II: dose-limiting toxicity and PFS

Phase III: OS

	
Ongoing (phase II)




	
REACH II GORTEC

NCT02999087

	
III

	
RT +Avelumab + cetuximab + adjuvant avelumab

	
RT + Cetuximab

	
420

	
PFS

	
Active, not recruiting




	
Neoadjuvant immunotherapy




	
NCT02641093

	
II

	
Pembro → surgery → adjuvant RT + Pembro +/− weekly cis

	
N/A

	
76

	
1-year DFS

	
1-year DFS 67% for high risk, 93% for intermediate risk; 32/76 pathological response




	
NCT02296684

	
II

	
Cohort 1: Pembro *1c → surgery → RT +/− cis + pembro *6c

Cohort 2: Pembro *2c → surgery → RT +/− cis

	
N/A

	
67

	
Locoregional recurrence; distant failure rate and major pathologic response

	
44% pathological response




	
KEYNOTE-689

NCT03765918

	
III

	
Pembro *2 cycles → surgery → RT +/− cis + pembro *15c

	
Surgery → chemoRT

	
600

	
Pathological response

EFS

	
Recruiting




	
IMSTAR-HN

NCT03700905

	
III

	
Nivo → surgery → chemoRT + adjuvant nivolumab +/− ipi

	
Surgery → chemoRT

	
276

	
DFS

	
Active




	
CheckRad-CD8

NCT03426657

	
II

	
Durvalumab/cisplatin/docetaxel → re-biopsy, if 20% increase in CD8+ T cell or pCR → 70 Gy + durvalumab/tremelimumab *3 cycles → duvlalumab *8 cycles

	
N/A

	
80

	
Feasibility rate of patients entering radio-immunotherapy to receive treatment until at least cycle 6 of immunotherapy of ≥80%

	
Meet the primary feasibility endpoint




	
Adjuvant immunotherapy




	
Invoke 010

NCT03452137

	
III

	
chemoRT → Atezolizumab

	
chemoRT → Placebo

	
400

	
EFS and OS

	
Recruiting




	
NIVOPOSTOP

NCT03576417

	
III

	
Surgery → Nivolumab (240 mg) → Cis +RT (66 Gy) + Nivolumab (360 mg) → Nivolumab (480 mg)

	
Surgery → cis + RT (66 Gy)

	
680

	
DFS

	
Recruiting








Cis, cisplatin; Pembro, Pemrolizumab; Nivo, Nivolumab; Ipi, ipilimumab; Atezolizumab, Anti PD-L1; DFS, disease free survival; PFS, progression free survival; EFS, event free survival; pCR, pathological complete response.
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Table 2. Clinical trials involving RT with immunotherapy in HPV related oropharyngeal carcinoma.
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Study Name/NCT Number

	
Phase of Trial

	
Study Arm

	
Reference Arm

	
No.

	
Primary Endpoint

	
Status/Result






	
Concurrent immunotherapy




	
NRG-HN005

NCT03952585

	
II/III

	
Arm 1: RT (60 Gy in 5 weeks using 6 fractions per week) + Nivolumab * 6c

Arm 2: RT (60 Gy in 6 weeks using 5 fractions per week) + Cis (days 1 and 22)

	
Arm3: RT (70 Gy in 6 weeks using 6 fractions per week) + Cis (days 1 and 22)

	
711

	
PFS and quality of life

	
Recruiting




	
KEYCHAIN

NCT03383094

	
II

	
RT (70 Gy over 6.5 weeks) + Pembro (200 mg every 3 weeks *20 cycles)

	
RT (70 Gy over 6.5 weeks) + Cis (100 mg/m2 weeks 1, 4 and 7)

	
114

	
PFS at 3 years

	
Recruiting




	
CITHARE

NCT03623646

	
II

	
RT (70 Gy) + Durvalumab

	
RT (70 Gy) + Cis

	
66

	
PFS at 12 months

	
Active, not recruiting




	
Neoadjuvant immunotherapy




	
OPTIMA II

NCT03107182

	
II

	
Nivo/nab-paclitaxel/carboplatin induction → adaptive treatment as per response to induction treatment

	
Cis-RT

	
73

	
Deep response rate ≥50% shrinkage to induction

	
70.8% pts have tumor shrinkage >50%;




	
NCT03618134

	
I/II

	
SBRT + Durvalumab +/− tremelimumab → TORS → Duvalumab

	
NA

	
82

	
Phase I: Incidence of adverse events

Phase II: PFS

	
Recruiting








Cis, cisplatin; Pembro, Pemrolizumab; Nivo, Nivolumab; Ipi, ipilimumab; PFS, progression free survival; SBRT, sterotactic body radiotherapy; TORS, transoral robotic surgery.
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