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Background

Chemoradiotherapy alone is the standard treatment for locally advanced squamous cell anal carcinoma (SCAC). However, up to 50% of patients will experience recurrence; thus, there is a need for new treatments to improve outcomes. Modified docetaxel, cisplatin and 5-fluorouracil (mDCF) is a treatment option for first-line metastatic SCAC, having shown efficacy in the Epitopes-HPV01 and -02 trials (NCT01845779 and NCT02402842). mDCF treatment also plays a role in the modulation of anti-tumor immunity, suggesting it may be a good combination partner for immunotherapy in patients with SCAC. Anti-programmed death protein-1 (PD-1) immunotherapy has been shown to be effective in metastatic SCAC. We therefore designed the INTERACT-ION study to assess the combination of mDCF with ezabenlimab (BI 754091), an anti-PD-1 antibody, followed by chemoradiotherapy, in patients with Stage III SCAC.



Methods

INTERACT-ION is a pivotal, open-label, single-arm phase II study in patients with treatment-naïve Stage III SCAC. Patients will receive induction treatment with mDCF (docetaxel 40 mg/m2 and cisplatin 40 mg/m2 on Day 1, 5-fluorouracil 1200 mg/m2/day for 2 days) every 2 weeks for 4 cycles and ezabenlimab (240 mg given intravenously) every 3 weeks for 3 cycles. In the absence of disease progression at 2 months, two additional cycles of mDCF and one additional cycle of ezabenlimab will be administered. Patients with radiological objective response, pathological complete/near-complete response and biological complete response will then receive an involved-node radiotherapy with intensity-modulated radiation therapy and concurrent chemotherapy, followed by ezabenlimab alone for seven cycles. All other patients will receive standard chemoradiotherapy. The primary endpoint is the clinical complete response rate 10 months after the first cycle of mDCF plus ezabenlimab. Major secondary endpoints are major pathological response and biological complete response after induction treatment. An extensive ancillary biomarker study in tumor tissue and peripheral blood will also be conducted.



Discussion

The addition of immunotherapy to chemotherapy is an area of active interest in metastatic anal cancer. This pivotal study will evaluate this combination in the locally advanced setting. Ancillary biomarker studies will contribute to the understanding of predictors of response or resistance to treatment.



Clinical Trial Registration

https://clinicaltrials.gov/ct2/show/NCT04719988, identifier NCT04719988.
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Background

Anal cancer is a rare disease, accounting for less than 1% of all new cancer cases; however, its incidence is increasing in Europe, Australia, and the United States (1). In particular, there have been notable increases in patients being diagnosed with Stage III and IV disease (2, 3). The most common histological subtype (~85% of cases) is squamous cell anal carcinoma (SCAC) (4). There is a strong association between SCAC and infection with a high-risk form of human papillomavirus (HPV), such as HPV-16 (5). For patients with locally advanced SCAC, mitomycin C and 5-fluorouracil (5-FU)-based chemoradiotherapy is standard treatment (6–8). However, around 25–40% of patients will experience disease recurrence (9), and recurrence rates may be as high as 50% at 3 years in patients with T3 or greater disease and/or nodal involvement (10, 11). As such, there is a need for treatments that can improve outcomes in these patients.

Modified docetaxel, cisplatin and 5-FU (mDCF) is an option for first-line metastatic SCAC based on data from the Epitopes-HPV01 and 02 trials (12, 13). mDCF was associated with median progression-free survival (PFS) of 11.0 months (95% confidence interval [CI] 6.8–16.4) in the Epitopes-HPV02 study. Of 30 patients who received mDCF, 14 (47%) had a complete response and 25 (83%) had an objective response (12). Pooled analyses of Epitopes-HPV01 and 02 confirmed the efficacy of the mDCF regimen (median PFS of 14.5 months [95% CI 10.1–18.9]) (13). Interestingly, 29 chemotherapy-naïve patients in these pooled analyses had synchronous metastases (detected at or shortly after diagnosis of the primary tumor). Among these patients, objective response rate (ORR) was 90%, including 55% with a radiological complete response, and median PFS was 16.4 months. This suggests a potential role for mDCF as an induction treatment in locally advanced SCAC.

Docetaxel has been shown to be involved in modulating anti-tumor immune responses (14) and results from ancillary studies of Epitopes-HPV01 and HPV-02 provide further support for this mechanism. Monocytic myeloid-derived suppressive cells (M-MDSCs) were increased in peripheral blood from patients with SCAC versus healthy donors (14). DCF treatment led to a reduction in M-MDSC levels; furthermore, high M-MDSC levels (pre- or post-treatment with DCF) were associated with shorter overall survival (OS) in patients with SCAC. Telomerase reverse transcriptase (TERT) is another marker of interest in SCAC, as the HPV oncoprotein E6 transactivates TERT (15). In Epitopes-HPV01 and HPV02, DCF treatment was associated with an increase in anti-hTERT immunity, particularly in patients who had low levels of M-MDSCs (14). Moreover, anti-hTERT T-Helper 1 CD4 responders had improved PFS versus non-responders (12). We therefore considered that mDCF could be a good combination partner for immunotherapy in patients with SCAC. Anti-programmed death protein-1 (PD-1) therapy has been shown to be effective in patients with previously treated metastatic SCAC (16, 17). Furthermore, anti-PD-1 therapy has shown efficacy as a neoadjuvant therapy in non-small cell lung cancer (18), bladder cancer (19), and melanoma (20), with complete or major pathological responses observed in 30–45% of patients.

Ezabenlimab (BI 754091), an anti-PD-1 antibody, has been investigated as monotherapy and is currently being investigated in combination with other anti-cancer therapies. The recommended Phase II dose has been determined as 240 mg given intravenously every 3 weeks and data from early phase trials suggest that the efficacy and safety profile of ezabenlimab is consistent with that of other anti-PD-1 or anti-programmed death-ligand 1 (PD-L1) antibodies (21).

We designed the following Phase II INTERACT-ION study to assess the combination of mDCF with ezabenlimab (BI 754091) followed by chemoradiotherapy (CRT).

The feasibility of combining a mDCF and immunotherapy has recently been demonstrated in advanced disease in the SCARCE-PRODIGE 60 study (22). In this study, the median number of cycles was 8 of 8 scheduled cycles (interquartile range [IQR] 8.0–8.0) for mDCF and 16 cycles (IQR 9.5–16.0) for the anti-PD-L1 molecule. Dose compliance for the cycles was almost 100% for mDCF, and 100% for the anti-PD-L1 molecule. Grade 3–4 adverse events were observed in 59.0% of patients, and were mostly hematological (anemia 16.4%, neutropenia 14.8%). Only one patient (1.6%) presented febrile neutropenia. The feasibility of CRT after DCF was also demonstrated in a retrospective analysis of three prospective trials in advanced SCAC disease (Grave, A. et al. Frontiers in Oncology. In Press). In this study, 16 patients received CRT after 6 cycles of classic DCF or 8 cycles of mDCF. All patients received the complete radiation dose.

We hypothesize that the combination of mDCF, ezabenlimab and radiotherapy may act synergistically to improve treatment outcomes. The primary objective is to assess the clinical complete response (cCR) rate 10 months after the first cycle of mDCF and ezabenlimab. An extensive ancillary biomarker study in tumor tissue and peripheral blood will also be conducted to further understand potential synergistic effects between mDCF, immunotherapy and radiotherapy, and to evaluate predictors of response or resistance to treatment.



Methods and analysis


Study design

INTERACT-ION is a Phase II, open-label, pivotal, single-arm study of ezabenlimab and the mDCF regimen followed by chemoradiotherapy in patients with Stage III SCAC (NCT04719988). The study is sponsored by the Centre Hospitalier Universitaire de Besançon and will be conducted at twelve centers in France. Details of study sites can be obtained via www.clinicaltrials.gov. The study has received a favorable opinion from the Ethics Committee Sud-Méditerranée I and authorization from the French National Agency for the Safety of Medicines and Health Products and will be conducted in accordance with Good Clinical Practice guidelines.



Eligibility criteria

Adult patients with treatment-naïve, locally advanced, histologically proven Stage III SCAC and an Eastern Cooperative Oncology Group performance status of 0 or 1 will be enrolled. Full details of inclusion and exclusion criteria are shown in Table 1.


Table 1 | Inclusion and Exclusion Criteria.





Study treatments

Patients will receive induction treatment with mDCF every 2 weeks for 4 cycles (docetaxel 40 mg/m2, day 1; cisplatin 40 mg/m2, day 1; 5-FU, 1200 mg/m2/day, days 1 and 2) and ezabenlimab (240 mg given intravenously every 3 weeks for 3 cycles; Figure 1). Systematic primary prophylaxis with granulocyte-colony stimulating factor from the first cycle is permitted at the investigator’s discretion. No premedication is indicated for administration of the first cycle of ezabenlimab; however, patients who experience an infusion-related reaction during the first cycle may receive premedication (antihistamines or antipyretics/analgesics, such as acetaminophen) for subsequent infusions. In the absence of tumor progression at 2 months, two additional cycles of mDCF and one additional cycle of ezabenlimab will be administered. If the patient has experienced disease progression (>20% per Response Evaluation Criteria in Solid Tumors [RECIST] v1.1), patients will have an end of treatment visit and will receive standard treatment per their institution. These patients will also complete the primary endpoint visit at Month 10.




Figure 1 | Study Design of INTERACT-ION. *Concomitantly given with capecitabine (825 mg/m2 orally twice daily) only on days of radiotherapy, and mitomycin C (10 mg/m2 Day 1 ± Day 29). †59.4 Gy for primary tumor and involved residual nodes + 45 Gy for elective nodal irradiation for initially involved lymph node(s) with complete response. 5-FU, 5-fluorouracil; bCR, biological complete response; cCR, complete clinical response; CT, computed tomography; ctDNA, circulating tumor DNA; DC, disease control; IMRT, intensity-modulated radiation therapy; MRI, magnetic resonance imaging; pCR, pathological complete response; PD, progressive disease; PET, positron emission tomography; pnCR, pathological near-complete response; Q2W, every 2 weeks.



After the additional cycles of mDCF and ezabenlimab, subsequent treatment will depend on assessment of pathology and biological results. Patients with radiological objective response (≥30% by RECIST 1.1), pathological complete or near complete response (viable tumor cells/tumor bed at biopsy ≤10%) and biological complete response (no residual HPV circulating tumor DNA [ctDNA]) will receive chemoradiotherapy by intensity-modulated radiation therapy (IMRT) with an involved-node radiotherapy (INRT; Figure 2). For INRT, no elective nodal irradiation will be performed; however, all different lymphatic subsites should be delineated separately. INRT will be performed if at least one non-involved lymphatic subsite among inguinal nodes, external iliac node, obturator and internal iliac nodes and the presacral space receive a mean dose <10 Gy. Otherwise, patients will receive standard chemoradiotherapy. If the initially involved lymph node(s) are no longer visible or of normal size (i.e. complete radiological response), the clinical target volume (CTV) 45 is defined as the initial volume of the lymph node(s) before chemotherapy and the prescribed dose is 45 Gy. Normal structures that have been displaced by the enlarged lymph node(s) are not included in the irradiated volume. Wherever possible, blood vessels are not included in the CTV if the involved lymph nodes are clearly located at a distance from them. If the initially involved lymph node(s) are in partial remission, the residual lymph node(s) will receive 59.4 Gy. In both cases of complete and partial radiological response, the CTV45 will include any residual gross tumor volume-tumor (GTV-T) plus the anal canal and the anal margin plus 10 mm. The margin around the GTV-node (GTV-N) is 5 mm. Lymphatic subsites that were not initially involved will not be irradiated. CTV59.4 will include GTV-T (if residual tumor), anal margin and anal canal plus a 10 mm margin, and the GTV-N (if residual lymph node) plus a 5 mm margin. Radiotherapy will be given concomitantly with capecitabine (825 mg/m2 orally, twice daily on days of radiotherapy) and mitomycin C (10 mg/m2 by intravenous infusion on Day 1 ± Day 29 [at the discretion of the investigator]). Patients will then receive ezabenlimab alone (240 mg every 3 weeks) for 7 cycles after completion of radiotherapy (3–6 weeks post radiotherapy).




Figure 2 | Flow Chart of Chemoradiotherapy. CTV, clinical target volume; Dmean, mean dose; GTV, gross tumor volume; Gy, Gray.



All other patients will receive standard chemoradiotherapy (Figure 2). Chemoradiotherapy using IMRT will commence 3–4 weeks after the last cycle of mDCF and ezabenlimab and will be given concomitantly with capecitabine (825 mg/m2 orally, twice daily only on days of radiotherapy) and mitomycin C (10 mg/m2 by intravenous infusion on Day 1 ± Day 29). Following completion of chemoradiotherapy, patients will be monitored (surgery is possible if there is residual disease after the primary endpoint assessment).

Dose modification and interruption for mDCF, capecitabine and mitomycin will be managed per their respective Summary of Product Characteristics. Dose modification of ezabenlimab is not permitted; however, ezabenlimab treatment can by delayed for a maximum of 2 cycles for the management of adverse events (AEs).

To date, there is no international consensus on the optimum dose of radiotherapy to deliver. Based on the ESMO guidelines (6), the total doses vary between countries from 50.4 Gy as used in the ACT II trial (8), 55–59 Gy for T3–4 or node-positive disease as used in the RTOG 98-11 trial (11), and up to 64 Gy used in marge series from the Nordic counties (23). Furthermore, tumor control probability models suggest that lower doses may be sufficient for small tumors, while higher doses (50–55 Gy or higher) may be required for more advanced tumors such as T3–4 or N1. In the recently updated guidelines of the French Society for Radiation Oncology (24), the standard dose is 45 Gy in 25 fractions over five weeks, delivered to the first planning target volume corresponding to the tumor, the ilio-obturator nodes and pelvic and inguinal nodal areas. A localized irradiation boost to the second planning target volume (primary tumor and involved nodes) delivers 15–20 Gy without interrupting treatment. Thus, the recommended total dose to initially invaded sites is 60 Gy over six weeks or the equivalent in 1.8–2 Gy per fraction.

In the current study, we focus on stage III anal cancer and chose to deliver 45 Gy to nodal areas and 59.4 Gy to the primary tumor and involved nodes. In the control arm, a standard chemoradiation is delivered, including elective irradiation of the following areas: external and internal iliac areas, ilio-obturator areas, perirectal area, inguinal areas, presacral area, and ischiorectal fossa.

Radiation-induced lymphopenia (RIL) is a well-recognized phenomenon that can develop in up to 70% of patients undergoing radiotherapy (25), especially when pelvic bone structures are irradiated. RIL is characterized by acute preferential depletion of CD4+T-cells and B-cells (26). Several studies have established RIL as a negative prognostic factor (27). Furthermore, lymphopenia can reduce the efficacy of immune checkpoint inhibitors (28). In this context, the standard irradiation of the whole pelvis including all lymph node fields could eliminate the beneficial effect of maintenance immunotherapy in responding patients. Thus, in the experimental arm, the dose delivered to the primary tumor and the involved residual nodes will remain the same (59.4 Gy). However, elective nodal irradiation will not be performed. If initially involved lymph node(s) are no longer visible or of normal size, a dose of 45 Gy will be delivered to the initial volume of the lymph node(s) before chemotherapy. This will be performed only in patients with objective clinical and radiological response, and complete/near-complete pathological response, and complete biological response.



Study endpoints

The primary endpoint is the cCR rate 10 months after treatment initiation (Figure 1). Based on data from the ACTII study, the optimal timepoint for assessment of tumor response after standard chemoradiotherapy was 26 weeks (29); an additional 14 weeks are necessary in our protocol due to the neoadjuvant treatment stage. The main secondary endpoints include major pathological response (pathological complete response) or pathological near-complete response after induction treatment (after 4 cycles of mDCF and 3 cycles of ezabenlimab) and biological complete response (defined as non-detectable HPV ctDNA) after i) induction treatment and ii) 4 weeks after the completion of radiotherapy. Other secondary endpoints are: ORR; OS; median PFS and PFS rates at 2 and 3 years; median recurrence free-survival (RFS) and RFS rates at 2 and 3 years; impact of treatment on patient’s health-related quality of life (HRQoL); safety of combination treatment; positron emission tomography (PET)-computed tomography (CT) complete response (defined as the absence of pathological hypercaptation); PET-CT complete response will be correlated to cCR, RFS and PFS.

Endpoints for the ancillary biomarker study are: correlation of peripheral CD4 anti-HPV and anti-telomerase immunity as well as regulatory and MDSCs with PFS; HPV and telomerase-specific T cell responses before and after treatment; characterization of tumor genotyping for HPV and p53; tumor-infiltrating lymphocytes and PD-L1 expression in tumors; correlation of PD-L1 and PD-L2 immunohistochemistry with PFS; prognostic value of circulating HPV ctDNA using polymerase chain reaction on cell-free tumor DNA; predictive value of soluble markers from plasma and enzyme-linked immunosorbent assay (ELISA).



Study schedule and assessments

The study flow and visit schedule are shown in Figure 3. Tumor assessments will be performed at specific timepoints during the study. At baseline, patients will have a mandatory CT scan, PET scan and magnetic resonance imaging (MRI). At 2 months (after induction treatment), patients will have a mandatory CT scan and MRI, and a PET scan is highly recommended. Patients will have further CT scans at 5 months (4 weeks after the completion of radiotherapy) and at the end of treatment visit. At the primary endpoint visit (10 months), patients will have a mandatory CT scan and MRI, and a PET scan is highly recommended. Thereafter, patients will have a mandatory CT scan at each follow-up visit (every 3 months for up to 2 years). Patients may also have a PET scan and MRI if indicated.




Figure 3 | Study Flow Chart and Visit Schedule. aClinical examination: height (only at baseline), weight, Eastern Cooperative Oncology Group performance status; bVital signs: pulse, blood pressure and body temperature; cOnly if no radiologic assessment performed within 28 days prior to this visit; dRadiologic assessment mandatory; eRadiologic assessment highly recommended; fRadiologic assessment if indicated ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; bCR, biological complete response; BUN, blood urea nitrogen; cCR, clinical complete response; cOR, clinical objective response; CT, computed tomography; ctDNA, circulating tumor DNA; CTV, clinical target volume; D, day; DPD, dihydropyrimidine dehydrogenase; ECG, electrocardiogram; EDTA, ethylenediaminetetraacetic acid; F, Friday; γ-GTP, gamma-glutamyl transpeptidase; GTV, gross tumor volume; Gy, Gray; HIV, human immunodeficiency virus; IMRT, intensity-modulated radiation therapy; INRT, involved-node radiotherapy; LDH, lactate dehydrogenase; mDCF, modified docetaxel, cisplatin and 5-fluorouracil; MRI, magnetic resonance imaging; PBMC, peripheral blood mononuclear cells; pCR, pathologic complete response; PET, positron emission tomography; pnCR, pathologic near complete response; TSH, thyroid stimulating hormone; W, week.



Response will be evaluated by the investigator per RECIST version 1.1. For patients who discontinue treatment for reasons other than documented disease progression, loss to follow-up or consent withdrawal, tumor assessment must continue every 8 weeks during the first year and every 12 weeks thereafter until documented disease progression. Radiological assessments will be anonymized by the investigational centers and all imaging data will be collected at the end of the study for centralized review.

Safety will be assessed throughout the study by evaluation of AEs, clinical safety laboratory tests (blood analysis, cardiac evaluation), vital signs, and physical examinations. Investigators will evaluate the intensity of AEs (per National Cancer Institute Common Terminology Criteria for Adverse Events version 5) and any causal relationship to study treatment.

HRQoL will be assessed by completion of the European Organisation for Research and Treatment of Cancer core quality of life questionnaire (QLQ-C30) at baseline, evaluation visits, end of treatment visit, endpoint visit, and at follow-up visits (every 3 months after the endpoint visit).

A tumor biopsy or archived tumor sample will be mandatory at baseline (for assessment of tumor-infiltrating lymphocyte levels, checkpoint expression [including PD-L1, LAG-3, TIM-3, TIGIT] and to perform a nanostring assay for RNA expression, including interferon signature). A mandatory fresh tumor biopsy will also be taken at the first tumor assessment visit to measure lymphocyte infiltration levels, immune checkpoint expression, pathological response, and perform a nanostring assay of RNA expression. Biomonitoring blood samples will be taken at baseline, first tumor assessment, and after chemoradiotherapy. Peripheral blood mononuclear cells will be used to phenotype T cell lymphocytes, MDSCs, monocytes, and antigen-specific T cells. Plasma will be analyzed to monitor immune and angiogenic-related biomarkers by ELISA, and PD-L1 and immune checkpoint inhibitor ligand expression. ctDNA will be used to monitor HPV-derived oncoprotein DNA (E6 and E7).



Monitoring and safety

As the safety profile of ezabenlimab and mDCF has not been evaluated in Stage III SCAC, semi-continuous monitoring for toxicity using a Pocock-type boundary will also be performed (targeted dose-limiting toxicity [DLT] rate: 0.20). Any non-hematologic grade 4 toxicity lasting >1 week, any immune-related grade 3/4 toxicity lasting >1 week, and hyperprogression will be considered as DLTs. An independent Data Safety Monitoring Board (DSMB) will meet to monitor toxicities and review serious AEs every 6 months or if the DLT number exceeds the boundary limit.



Statistics


Determination of sample size

cCR rate at 26 weeks after starting radiotherapy was achieved in 80% of all patients in the ACTII study. Among patients with locally advanced disease, cCR at 26 weeks was approximately 70% in patients with T3/T4 disease and approximately 65% in patients with node-positive disease (29). As such, the following hypotheses will be considered: H0 (null) where a cCR rate of 65% at 10 months is uninteresting and H1 (alternative) where a cCR rate of 81% at 10 months is expected.

Per A’Hern (with a one-sided 5% type I error and power of 80%), 52 evaluable patients for cCR at 10 months will be required to test the hypothesis. There is an expected 5% rate of patients not being evaluable or lost to follow-up at 10 months, necessitating a planned sample size of 55 patients.




Planned analyses

The primary analysis will be performed on the modified intention-to-treat population (mITT) which will include all evaluable patients who receive at least one cycle of treatment. Safety will be assessed in patients who received any study medication, and HRQoL will be assessed in patients within the mITT population who complete at least one questionnaire at baseline.



Trial status

The INTERACT-ION trial is open for recruitment. The first patient was enrolled in December 2021, after all legal approvals required in France were received.




Discussion

Current standard treatment for locally advanced SCAC is mitomycin C and 5-FU-based chemoradiotherapy (6); however, recurrence rates may be as high as 50% at 3 years (10, 11). mDCF has been shown to be effective for the first-line treatment of metastatic SCAC (12, 13), and docetaxel also appears to enhance immune responses (14), suggesting that mDCF is an attractive candidate to combine with immunotherapy.

This paper describes the protocol of a Phase II, open-label, pivotal, single-arm study of ezabenlimab and the mDCF regimen followed by chemoradiotherapy in patients with Stage III SCAC. An extensive ancillary study will also assess predictors of response or resistance to treatment.

The combination of chemotherapy and immunotherapy is an area of active research in metastatic anal cancer (30). Of note, two ongoing Phase III studies are assessing chemotherapy in combination with PD-1 inhibition. Firstly, the combination of carboplatin and paclitaxel with nivolumab will be assessed in approximately 205 treatment-naïve patients with metastatic anal cancer (NCT04444921). Secondly, the combination of carboplatin and paclitaxel with retifanlimab will be evaluated in around 300 patients with inoperable, locally recurrent or metastatic SCAC (NCT04472429). Both of these trials are currently recruiting patients. Additionally, the Phase II SCARCE trial (NCT03519295) is assessing mDCF in combination with the anti-PD-L1 antibody, atezolizumab (9). The INTERACT-ION study, presented here, as well as the trials being conducted in the metastatic setting, should contribute further information on the treatment of locally advanced and metastatic SCAC, and the optimal chemotherapy regimens and immunotherapy combination partners.
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