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Background

Globally, head and neck squamous cell carcinoma (HNSCC) is the seventh most common malignancy. Despite aggressive multimodal treatment approaches, recurrent and/or metastatic (R/M) disease develops in >50% of patients. In this setting, pembrolizumab was approved for patients with PD-L1 expression. However, response rates with checkpoint inhibitor monotherapy remain limited and strategies to strengthen tumor-directed immune responses are needed.





Objective

The FOCUS trial is designed to estimate the effectiveness of UV1 vaccination in combination with pembrolizumab versus pembrolizumab as a single agent in patients with R/M HNSCC.





Methods and analysis

The FOCUS trial is a two-armed, randomized, multicenter phase II study which was designed to evaluate the efficacy and feasibility of the hTERT-targeted cancer vaccine UV1 as add-on to pembrolizumab in the 1st line treatment of patients with R/M PD-L1 positive (combined positive score ≥1) HNSCC. Secondary objectives are the exploration of patient subgroups most likely deriving benefit from this novel combination and the establishment of liquid biopsy tumor monitoring in HNSCC.





Ethics and dissemination

This clinical study was designed and will be conducted in compliance with Good Clinical Practice and in accordance with the Declaration of Helsinki. It is intended to publish the results of this study in peer-reviewed scientific journals and to present its content at academic conferences.





Conclusions

A significant number of patients with R/M HNSCC are frail and may not tolerate chemotherapy, these patients may only be suitable for pembrolizumab monotherapy. However, long term disease stabilizations remain the exception and there is a need for the development of efficacious combination regimens for this patient population. The FOCUS study aims to optimize treatment of R/M HNSCC patients with this promising new treatment approach.





Clinical Trial Registration

https://clinicaltrials.gov/study/NCT05075122, identifier NCT05075122.
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1 Introduction

Worldwide, head and neck squamous cell carcinoma (HNSCC) is the seventh most common malignancy with more than 660,000 new cases and 350,000 deaths per year (1). Risk factors include tobacco use, alcohol consumption, and human papilloma virus (HPV) infection (2).

At early stages, therapy is given with curative intent. However, despite aggressive treatment with multimodal approaches, recurrent and/or metastatic (R/M) disease develops in more than half of patients with HNSCC and prognosis of these patients is poor (3). Many patients suffering from R/M disease present with unresectable disease and only qualify for palliative treatment (4). Until 2019, the EXTREME regimen (cetuximab combined with platinum and fluorouracil) was the standard of care first line treatment for patients with R/M HNSCC with good performance status (ECOG 0-1) (5). More recently, pembrolizumab was approved for R/M HNSCC as monotherapy or in combination with platinum-fluorouracil for PD-L1 positive disease. Approval was based on the KEYNOTE-048 trial, a randomized, phase 3 study, which showed a significant survival benefit when compared with the EXTREME protocol (6). In this trial, pembrolizumab plus chemotherapy improved overall survival compared to cetuximab plus chemotherapy (median 13.0 vs. 10.7 months, HR 0.77 [95% CI 0.63-0.93], p=0.0034). In the subgroups of patients with PD-L1 CPS ≥1 and CPS of ≥20, pembrolizumab given as a single agent improved overall survival compared to cetuximab plus chemotherapy (12.3 vs. 10.3 months, HR 0.78 [95% CI 0.64-0.96], p=0.0086, and 14.9 vs. 10.7 months, HR 0.61 [95% CI 0.45-0.83], p=0.0007) demonstrating increased efficacy of pembrolizumab with increasing PD-L1 expression (7).

Although some patients have durable responses to immune-checkpoint inhibitors, many patients with R/M HNSCC either show no response or benefit only in the short-term from this treatment (3). One reason might be an insufficient T cell effector response (8). To improve the T cell response against tumor antigens, therapeutic cancer vaccines in combination with immune-checkpoint inhibitors are investigated in HNSCC and other tumor entities (8, 9). UV1 is a peptide vaccine targeting human telomerase reverse transcriptase (hTERT), found to be activated in 85-90% of all cancers (8) representing an essential step in carcinogenesis (10). The UV1 vaccine induced persistent immune responses which lasted up to 7.5 years in phase I clinical trials which included patients with non-small cell lung cancer, malignant melanoma, and prostate cancer (8). When combined with the checkpoint-inhibitor ipilimumab, the vaccine-induced T cell response in the melanoma trial occurred more often and more rapidly indicating improved efficacy with the combined approach (8). In patients with advanced melanoma, UV1 was also combined with pembrolizumab (11). In this phase I clinical trial, treatment was well tolerated and response rate was 60% with a 1-year survival rate of 85% (11).

In patients with HNSCC, the combination of immune-checkpoint inhibition with UV1 has not been studied. In 75-100% of HNSCC high levels of hTERT expression have been detected (12). The most common mechanism of hTERT activation are mutations in the promoter region of hTERT (13). In HNSCC frequencies of hTERT promoter mutations vary among different studies (14). Frequencies up to 64,7% have been reported depending on tumor site, risk factors such as human papillomavirus status and ethnicity (14). Thus, hTERT represents an attractive target for therapeutic vaccination in HNSCC.

The FOCUS trial was designed to estimate the effectiveness of UV1 vaccination in combination with pembrolizumab versus pembrolizumab as a single agent in patients with R/M HNSCC.




2 Methods and analysis



2.1 Study objective

The primary objective of this study is to assess the efficacy of UV1 vaccination in combination with pembrolizumab in patients with R/M HNSCC and PD-L1 CPS ≥1 based on progression free survival according to iRECIST (progression-free survival rate at 6 months after randomization, PFS@6) (15).

Secondary clinical endpoints of this study are overall survival, objective response rate and duration of response according to iRECIST. Other secondary objectives are the UV1 vaccine induced immune responses and the clearance rate of ctDNA from blood during treatment. Additionally, this study will explore the safety and tolerability of UV1 vaccination in combination with pembrolizumab according to NCI CTCAE v5.0. Other objectives are the exploration of what patient subgroups benefit most from this combined approach and the establishment of liquid biopsy tumor monitoring in HNSCC.




2.2 Study design

The FOCUS trial is an open-label, randomized, phase II study which investigates the tolerability and efficacy of the UV1 vaccine in patients with R/M PD-L1 positive (CPS ≥1) HNSCC planned for first-line treatment with pembrolizumab. The study is multicentric and includes several study sites in Germany. 75 patients will be randomized with an estimated recruitment phase of 24 months. Planned duration of follow-up per patient is until death or 12 months after last patient in (Figure 1).




Figure 1 | Study recruitment and follow-up. FPFV, first patient, first visit; LPFV, last patient, first visit; LPLV, last patient, last visit.






2.3 Treatment

Eligible patients (Table 1) will be randomized to either pembrolizumab, Arm A, about 25 patients, or pembrolizumab in combination with UV1 vaccination plus sargramostim (GM-CSF) as an adjuvant, Arm B, about 50 patients (Figure 2).


Table 1 | 






Figure 2 | Study schedule.



All patients will receive pembrolizumab until disease progression and up to two years in both arms.

The UV1 vaccine (Ultimovacs, Oslo, Norway) and sargramostim are considered investigational medical products (IMPs) in this study.

Data on efficacy in in terms of vaccine-specific immune response and safety from completed phase I/II clinical trials support a total of 8 vaccinations with a UV1 dose of 300µg administered intradermally with 75µg of the adjuvant sargramostim (8). The administration regimen for UV1 vaccination during day 1-10 is optimized for effective priming and expansion of naïve hTERT-specific T cells in the local lymph nodes draining the vaccine injection site. The following vaccinations are optimized for re-activation of T cell effector activity in the tumor microenvironment in synergy with pembrolizumab.

Arm A:

Patients in arm A receive pembrolizumab at 200mg flat dose iv every 3 weeks. Administration starts at week 1 (one week earlier than arm B). The duration of treatment will be 12 weeks.

Arm B:

Patients in arm B receive pembrolizumab at 200mg iv every 3 weeks in combination with UV1 vaccination (300µg UV1 plus 75µg GM-CSF as adjuvant). Three UV1 vaccinations are applied during the week before initiation of pembrolizumab, followed by 5 vaccinations applied every 3 weeks on d1 of each cycle (5 cycles in total). Administration of pembrolizumab starts at week 2. In total, the duration of treatment will be 13 weeks.




2.4 Assessments

Baseline assessment is performed according to Table 2. Radiological imaging by computed tomography (CT) of the neck, chest, abdomen and pelvis according to RECIST v1.1 should not be older than 4 weeks before randomization.


Table 2 | 



Assessments during treatment will be done on visit 1 (week 1 [W1] day 1 [D1]), visit 2 [W1 D3], visit 3 [W1 D5], visit 4 [W2], visit 5 [W5], visit 6 [W8], visit 7 [W11], visit 8 [W14] and end of treatment (EOT) according to Table 3. Screening and visit 1 can be performed on the same day. Assessments at progressive disease (PD) during treatment (if applicable) will be performed according to Table 4.


Table 3 | 




Table 4 | 






2.5 Follow-up

All patients will be evaluated every 3 months after EOT until death or maximal 12 months after last patient in (Table 5). At progressive disease during follow-up (if not progressed during treatment), assessments will be done according to Table 6. All patients will be monitored 30 days after EOT for safety reasons (Table 7).


Table 5 | 




Table 6 | 




Table 7 | 






2.6 Sample collection for biomarker program

Blood samples for immune analysis (Table 8) will be collected at visit 1, 5, 6, 8 (EOT) as well as at safety follow-up (FU), FU1, FU2 and at PD (Figure 2).


Table 8 | 



In centers with expertise in collecting and locally freezing peripheral blood mononuclear cells (PBMCs), additional blood will be collected at visit 1, 6 and at PD from patients receiving UV1 vaccination (from patients of both arms only at site 01 Halle only) for immune response assays (Table 8).

Tumor tissue acquired before treatment initiation at first diagnosis or at relapse (biopsy of primary tumor, surgical material, or biopsy material of metastatic lesions) and potential biopsy or surgical material acquired during the study will be analyzed (Table 8, Figure 2).

Fecal samples will be collected prior to treatment to evaluate the gut microbiome (Table 8).




2.7 Analysis of primary study endpoint

The primary study endpoint progression PFS@6 will be analyzed as the proportion of all intention-to-treat patients being known to be alive without progression at 6 months after randomization, providing the 95%, 90% and 80% confidence intervals for this estimate.




2.8 Statistics and data handling

The FOCUS trial is designed as a randomized phase II study to estimate the therapeutic effectiveness of pembrolizumab in combination with UV1 vaccination in relation to the standard treatment (single drug pembrolizumab). The assumptions on outcome after standard therapy is derived from available data and controlled for by a randomized reference (or calibration) arm. Due to this design, analysis of both treatment arms but no formal statistical comparison will be performed. All secondary endpoint analyses are considered explorative. Further clinical development of this combination depends on the primary endpoint (and its confidence interval), the findings in the control arm, and the supporting safety and feasibility findings.




2.9 Sample size estimation

The progression-free survival rate after 6 months (PFSR@6) with single agent pembrolizumab as first-line treatment in R/M HNSCC is about 25%. Pembrolizumab in combination with UV1 vaccination should result in a PFSR@6 of 40% to be regarded as promising for further development in a phase III setting. Based on these assumptions and by applying a one-sided test with an alpha error level of 0.1 and a beta error of 0.2 (corresponding to a power of 80%), 46 evaluable patients are needed in the experimental arm. According to the 2:1 randomization, about 23 patients will be included in the control arm. To allow for a 10% drop out rate, a total of 75 patients should be included.





3 Discussion

Patients with R/M HNSCC have a poor prognosis (3, 4). Many of these patients are frail and cannot tolerate chemotherapy.

Eligible patients with R/M HNSCC may be treated with immunotherapy. Nivolumab was shown to significantly prolong survival when compared with standard systemic therapy in patients progressing within six months after platinum-chemotherapy (16). Due to these promising results, patients in the KEYNOTE-048 trial (6) received either the EXTREME regimen, or pembrolizumab as a single agent, or platinum/5-fluorouracil with pembrolizumab as first-line therapy (17). After a follow-up of 4 years, a survival benefit and a longer duration of response was observed with single-agent pembrolizumab and pembrolizumab in combination with chemotherapy compared with cetuximab in combination with chemotherapy (18). Two phase III studies evaluated the combination of anti-PD1/PDL1 and anti-CTLA antibodies in R/M HNSCC patients (19, 20). In both studies the combination proved to be tolerable but showed no statistically significant improvement in overall survival versus the EXTREME protocol (CheckMate 651) or single agent standard of care (EAGLE) (19, 20). The combination of checkpoint inhibition plus cetuximab was investigated in two phase II studies in patients with R/M HNSCC (21, 22). Pembrolizumab plus cetuximab had an overall response rate of 45% (21). Nivolumab plus cetuximab was also effective in pretreated patients with a 1-year overall survival of 50% (22). These studies provide a rationale for a larger randomized study. In a phase IB/II trial of the angiogenesis inhibitor lenvatinib plus pembrolizumab which included 22 HNSCC patients, these patients had an objective response rate of 36% at week 24 (23). However, frail patients may not tolerate this regimen and the development of efficacious combination regimens for this patient population is urgently needed.

The FOCUS trial investigates the tolerability and efficacy of the cancer vaccine UV1 combined with first-line pembrolizumab monotherapy in patients with R/M HNSCC and CPS ≥1.

The therapeutic cancer UV1 consists of three synthetic peptides which cover a sequence within the active catalytic site of hTERT (24). hTERT promoter mutations which are a common mechanism of hTERT activation are found in the two major hotspots C228T and C250T (14). In HNSCC hTERT promoter mutations were found to be associated with poorer overall survival in some studies (25, 26).

UV1 vaccination was investigated in phase I trials in patients with metastatic prostate cancer combined with androgen blockade (27) and as monotherapy in patients with stage III/IV non-small cell lung cancer (NSCLC) (24).

Patients with metastatic prostate cancer (n=22) were treated with 3 dose levels of UV1 combined with GM-CSF (27). In this study, treatment with UV1 was well tolerated and specific immune responses were noted in 18 of 21 patients (27).

UV1 treatment was also safe and immunogenic in patients with advanced NSCLC (24). 18 patients with advanced stage NSCLC without brain metastasis were enrolled (24). Patients who did not show an immune response had a median overall survival of 21.3 months whereas the overall survival was 38.4 months in patients who did show an immune response (24).

Long-term monitoring revealed a persistent telomerase peptide-specific immune response which lasted up to 7.5 years following the initial vaccination (8).

Vaccine-based therapies may be more effective in combination with other immunotherapies as the immunosuppressive environment of the tumor may interfere with vaccine-activated T cells (9). By way of example, checkpoint-inhibitors block the immunosuppression induced by the PD-1/PD-L1 axis which may be accompanied by a more efficient vaccine mediated anti-tumor T cell response (9).

Potential synergistic effect of cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) blockade and hTERT vaccination was investigated in metastatic melanoma in a phase I/IIa clinical trial (28). 12 melanoma patients were treated with UV1 in combination with ipilimumab (28). Most patients had T cell responses to UV1 peptides, 3 patients partially responded, one patient had a complete response, and overall survival was 50% at 5 years (28). Adverse events included diarrhea, rash, pruritus, fatigue, and nausea (28). The combination of UV1 and ipilimumab was safe and toxicity was mainly low-grade (28), however, patients in the FOCUS study will be carefully evaluated for potential toxicities. All patients will be monitored 30 days after EOT for safety reasons.

Four phase II studies currently evaluate the combination of different checkpoint inhibitors plus UV1 vaccination in metastatic malignant melanoma (NCT04382664), mesothelioma (NCT04300244), ovarian cancer (NCT04742075), and non-small cell lung cancer (NCT05344209).

To identify potential patients that benefit most from the combination of UV1 and pembrolizumab and to uncover potential mechanisms of resistance, the FOCUS trial is accompanied by a biomarker program which includes assessment of tumor biopsies prior to treatment, immunomonitoring by next-generation sequencing (NGS), and liquid biopsy monitoring of tumor subclones during treatment.

The peripheral blood T cell space shows age-specific architectures with cancer patients overall displaying reduced repertoire richness and diversity (29). Previous studies showed that immune checkpoint blockade led to diversification of the peripheral blood T cell space in patients with melanoma and other solid tumors, which was associated with response to treatment in some studies (30–32). In the FOCUS study, the characteristics of tumor-infiltrating lymphocytes and blood-circulating T cells will be studied by NGS and immunological analyses will be correlated with vaccine-specific immune responses assessed by standardized T cell proliferation assays.

Furthermore, tumor tissue and liquid biopsy testing will be done at baseline using a gene panel which covers frequent driver and resistance mutations in HNSCC. The circulating tumor DNA clearance over time will be correlated with overall response, progression-free survival, and overall survival. To search for tumor subclones potentially resistant to pembrolizumab or UV1, the liquid biopsy panel includes genes involved in resistance to checkpoint inhibitors as well as the coding region of hTERT as the UV1 target.

In conclusion, the FOCUS trial investigates the potential synergistic effect of UV1 vaccination and checkpoint blockade with pembrolizumab in patients with R/M HNSCC. To optimize tumor response in this often frail and pretreated patient population, an extensive biomarker program accompanies the FOCUS trial.
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