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Immunotherapy has shown great promise in the field of oncology, and recent clinical trials have illustrated that immune checkpoint blockade (ICB) is safe and effective at treating a range of tumor types. Cervical cancer (CC) is the fourth most common malignancy in women. However, first-line treatments for locally advanced cervical cancer (LACC) and recurrent/metastatic (R/M) CC have limited efficacy. Thus, it is necessary to explore new treatment approaches. The National Comprehensive Cancer Network (NCCN) currently recommends pembrolizumab, a programmed cell death protein 1 (PD-1) monoclonal antibody, as a first line therapy for individuals with R/M CC. This study reviews the progress of ICB therapy for LACC and R/M CC and describes the current status of the combination of ICB therapy and other therapeutic modalities, including radiotherapy, chemotherapy, targeted therapy, and other immunotherapies. The focus is placed on studies published since 2018 with the aim of highlighting novel CC-specific immunotherapeutic approaches and treatment targets.
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1 Introduction

Cervical cancer (CC) has the fourth-highest incidence of all common tumors and is the fourth-highest cause of tumor-related mortality in women (1). In 2020, there were >600,000 new cases of CC and 340,000 CC-related fatalities worldwide (1). In China, the incidence of CC has been increasing annually since 2000, with 111,820 new cases and 61,579 deaths expected in 2022, despite the adoption of preventive vaccines and screenings (2, 3). In developing countries where routine screening is not available, more than 70% of CC are already advanced or metastatic at the time of diagnosis (4, 5). Patients diagnosed with late-stage disease have poor survival rates and limited responsiveness to current treatment modalities.

Concurrent chemoradiotherapy (CCRT) is the standard of care for patients with locally advanced cervical cancer (LACC), also known as International Federation of Gynecology and Obstetrics (FIGO) 2018 stage IB3, IIA2-IVA (6). There are no significant differences in the prognosis of squamous and adenocarcinoma patients who are receiving CCRT, and the overall survival (OS) rate is longer than it is for patients receiving radiotherapy alone (7, 8). While CCRT is also effective at managing LACC and the 5-year survival rate among treated patients is 65%, nearly half of patients experience recurrent or metastases (R/M) within 2 years after the initial treatment (9, 10). Once R/M occurs, the 5-year survival rate declines to 17% (11). Thus, there is a need for improved treatment modalities. To address this issue, studies have explored the use of CCRT plus induction, consolidation chemotherapy, or targeted therapy. A phase II study (NCT01973101) found that neoadjuvant chemotherapy with Gemcitabine plus Cisplatin before CCRT was not as effective as CCRT alone (12). A phase III clinical study (OUTBACK Trial) showed that four cycles of adjuvant chemotherapy with Paclitaxel plus Carboplatin following standard CCRT did not prolong patient survival (13). Most current studies do not recommend adjuvant chemotherapy for LACC patients (14). Targeted anti-angiogenesis inhibitor therapy with Endostar in combination with CCRT increased the distance metastasis-free survival (DMFS) but did not improve progression-free survival (PFS) (15). The RTOG 0417 trial showed positive outcomes with 3-year OS and DFS rates of 81.3% and 68.7%, respectively, for Bevacizumab in combination with CCRT (16). However, these treatments have limited efficacy and are associated with some negative results.

R/M CC patients are typically prescribed systemic therapy and the 5-year survival rate is only 17%. Patients with squamous and adenocarcinoma or adenosquamous carcinoma have similar survival rates following chemotherapy (11, 17). The GOG-204 trial showed that treatment with Paclitaxel and the Cisplatin/Topotecan regimen combined with Bevacizumab resulted in a median OS of 16.8 months and a median post-progression OS of approximately 8.4 months (18). This was previously the first-line treatment option for R/M CC and extended OS by 3.5 months compared to chemotherapy alone. However, first-line treatments have limited efficacy and restricted second-line treatment options are currently available, demonstrating a need for new treatment modalities. There have been several breakthroughs in immunotherapy and this has become a powerful new mechanism for treatment after surgery and radiotherapy, especially among patients with advanced, recurrent, refractory, or metastatic tumors. Several immune checkpoint drugs specific to CC are currently in clinical trials, some of which have good efficacy and safety. For example, the KEYNOTE 826 trial showed that Pembrolizumab plus chemotherapy with or without Bevacizumab further improved OS by 7.6 months (19). This regimen was the first-line treatment option recommended by the 2022 National Comprehensive Cancer Network (NCCN) guidelines.

This review summarizes the current status of immune checkpoint blockades (ICBs) studied in LACC and R/M CC over the past 5 years, including monotherapy and combination therapy. The aim of this study was to find appropriate first-, second-, and later-line treatment options and identify patient populations who could potentially benefit from immunotherapy.



2 Immunological mechanism of CC


2.1 Tumorigenesis and establishment of the CC microenvironment

CC is a human papillomavirus (HPV)-associated neoplasm. The high-risk subtypes (hrHPVs), HPV types 16 and 18, are responsible for >70% of invasive CC (20). While 85–90% of hrHPV infections clear spontaneously, 10–15% persist (21), suggesting that the development of CC requires other cofactors associated with HPV-infected cells to guide the development of the tumor microenvironment (TME) and cause viral persistence, multiplication and tumor progression (21). Using transcriptomics, single-cell analysis, and other high-throughput sequencing methods, studies have confirmed the importance of T cells in tumor immunotherapy (22). For example, some tumor cells are shown to express programmed cell death ligand-1 (PD-L1), which binds to the programmed cell death protein 1 (PD-1) receptor on the surface of T cells and inhibits their activity (23). Meanwhile, expression of the HPV E6 and E7 oncogenes upregulates PD-L1 by suppressing p53 and Rb (24, 25). The immunosuppressive microenvironment caused by HPV infection is a potential target for immunotherapy.



2.2 The rationale and study status of ICB

Current ICB activates tumor-reactive T cells by downregulating the inhibitory signaling pathway or overcoming regulatory mechanisms that prevent T cell activation (26). Promising immune targets of ICB that focus on PD-1 and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), are summarized in Figure 1 (26–29). These immune checkpoints are primarily located on the surface of T cells, natural killer (NK) cells, dendritic cells (DCs), B cells, monocytes, macrophages, and neutrophils (30). While the biological mechanisms are not fully understood, these checkpoints may still aid in the design of novel ICB drugs and help to identify methods of drug resistance.




Figure 1 | T lymphocyte-associated co-stimulatory and co-inhibitory molecules. ICB, immune checkpoint blockade; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand-1; PD-L2, programmed cell death ligand-2; MHC: major histocompatibility complex; LSECtin, liver and lymph node sinusoidal endothelial cell C-type lectin; LAG-3, Lymphocyte Activation Gene-3; PtdSer, phosphatidylserine; HMGB1, High Mobility Group Protein 1; CEACAM-1, carcinoembryonic antigen-related cell adhesion molecule-1; TIM-3, T cell immunoglobulin and mucin-containing molecule 3; PVR: poliovirus receptor; PVRL2, poliovirus receptor-related protein 2; TIGIT, T cell immunoglobulin and ITIM domains; VISTA, V-domain immunoglobulin suppressor of T cell activation; PSGL-1, P-selectin glycoprotein ligand-1; VSIG3, V-set and immunoglobulin domain-containing 3; ICOS, inducible T-cell co-stimulator; B7RP1, B7-related protein 1; GITR, glucocorticoid-induced tumor necrosis factor receptor; 4-1BB, tumor necrosis factor receptor superfamily member 9.



The most studied ICB targets include PD-1 (CD279) and its ligand PD-L1 (CD274/B7 homolog 1, B7-H1), CTLA-4 (CD152), and indoleamine 2, 3-dioxygenase 1 (IDO1) (31). Specific ICBs, including Nivolumab, Pembrolizumab, and Atezolizumab, have been designed for some solid tumors including lung cancer and melanoma. It is expected that the drug indications will expand in include the treatment of CC (32–35). Phase III clinical trials related to immune checkpoint drugs specific for LACC and R/M CC are shown in Table 1, and Phase I/II clinical trials are illustrated in Supplementary Tables 1 and 2, respectively.


Table 1 | Phase III clinical trial of immune checkpoint drugs for locally advanced or recurrent/metastatic cervical cancer (derived from clinicaltrials.gov, accessed 12 Sep 2022).






3 ICB monotherapy for R/M CC

The common ICB monotherapy used to treat R/M CC includes anti-PD-1, anti-CTLA-4, anti-PD-L1, and bispecific antibodies. Clinical trials (NCT02315066, NCT04693234) are ongoing for new targets such as the OX40 agonist, Ivolizumab (PF-04518600), anti-T cell immunoglobulin, and the ITIM domains (TIGIT) antibody, Ociperlimab (BGB-A1217) (36, 37). Meanwhile, clinical studies for new drugs, such as NCT05171790 for QL1706 (a PD-1/CTLA-4 bi-specific antibody) are ongoing (38). On June 12, 2018, Pembrolizumab was approved by the U.S. Food and Drug Administration (FDA) for R/M CC with Combined Positive Score (CPS) ≥1 progression on or after chemotherapy, and on June 29, 2022, Cadonilimab was approved by the China National Medical Products Administration (NMPA) for the second-line treatment of R/M CC. Additional drugs are still in clinical trial phases. Furthermore, data on first-line treatments remains lacking. A comparison of published data on immune checkpoint drug monotherapies for R/M CC is shown in Table 2 (32–35, 38–47).


Table 2 | Published data on immune checkpoint drug monotherapy for recurrent/metastatic cervical cancer.




3.1 Anti-PD-1 inhibitors


3.1.1 Pembrolizumab (MK-3475)

A phase 2 basket clinical trial (KEYNOTE-158/NCT02628067) was conducted to assess the use of Pembrolizumab for the treatment of 98 patients with advanced CC, of whom 77 were R/M after prior chemotherapy. This trial had a 12.2% objective response rate (ORR), including three patients with complete responses (CRs) and nine with partial responses (PRs) (33). A subsequent Korean multicenter retrospective real-world study (KGOG1041) assessed pembrolizumab monotherapy in 117 patients with R/M CC, of whom three had CRs and eight had PRs for an ORR of 9.4%. Two patients had suspected treatment-related deaths, and eight (6.8%) had grade 3 or higher treatment-related adverse events (TRAEs) (39). These results suggested that Pembrolizumab may prolong the survival of patients with advanced or R/M CC. Better outcomes may be expected from combination therapy; however, particular attention will need to be placed on cumulative toxicity.



3.1.2 Nivolumab

Results from a phase I/II clinical trial (CheckMate 358/NCT02488759) found that the single-agent, Nivolumab, achieved an ORR of 26.3% and a median OS of 21.9 months among patients with recurrent HPV-positive CC, with 12 of 19 (63.2%) experiencing TRAEs (34). In another multicenter phase II study in Japan, the ORR of patients with advanced or recurrent CC after first-line chemotherapy who received single-agent Nivolumab was 25%. Patients in the PD-L1+ group had an ORR of 33%, while those in the PD-L1- group had no response (35). Patients in a subsequent phase II clinical trial (NRG-GY002/NCT02257528) had an ORR of only 4%, with low single agent activity (32). Second-line Nivolumab treatment is still in clinical trials with widely diverse results, and its performance in combination therapy is expected.



3.1.3 Cemiplimab (REGN2810)

In R/M squamous CC, Cemiplimab alone or in combination with hypofractionated radiotherapy was effective in a phase I clinical study (NCT02383212) (48). The findings of an open-label, multi-center, randomized controlled phase III clinical study (NCT03257267) were recently published. Single-agent chemotherapy with Pemetrexed, Topotecan, Irinotecan, Gemcitabine, or Vinorelbine, was chosen by the investigator for use as controls. Patients in the Cemiplimab group had a median OS of 12.0 months, 3.5 months longer than the OS of the 608 patients in the chemotherapy group. This treatment benefited patients with both squamous and adenocarcinoma for an ORR of 16.4%. The incidence of grade ≥3 TRAEs was also less in the Cemiplimab group than in the chemotherapy group (45.0% versus 53.4%, respectively) (40). This provided a new option for R/M CC to serve as a second-line treatment (49).



3.1.4 Balstilimab (AGEN2034)

An open-label, single-arm phase II clinical study (NCT03104699) was conducted to examine the efficacy of Balstilimab among patients with R/M CC after receiving first-line platinum-based chemotherapy. Preliminary findings revealed an ORR of 15% (including five patients with CRs and 16 with PRs), a median response time of 15.4 months among 140 evaluable patients, and a disease control rate (DCR) of 49.3%. PD-L1-positive patients CPS ≥ 1% had an ORR of 20%, while PD-L1-negative patients had an ORR of 7.9%. The ORR was 12.5% among patients with cervical adenocarcinoma, demonstrating that these responses were not restricted to patients with a pathological type of squamous carcinoma. The most prevalent grade 3 or higher TRAEs were immune-mediated enterocolitis (3.1%) and diarrhea (1.9%), suggesting a manageable safety profile (41).




3.2 Anti-CTLA-4 inhibitors


3.2.1 Ipilimumab

A phase 1/phase 2 single-arm, multi-center clinical trial from the United States and Canada assessed the safety and anticancer efficacy of Ipilimumab [an anti-CTLA-4 monoclonal antibody (mAb)], which was used as a single-drug treatment for HPV-associated R/M CC. Ipilimumab monotherapy was well tolerated by patients but lacked significant single-agent activity. However, multicolor flow cytometry of peripheral lymphocytes revealed that levels of human leukocyte antigen-antigen D-related, inducible T-cell costimulator (ICOS), and PD-1 increased after the initial course of treatment and returned to baseline during maintenance therapy, which could guide further clinical trials to explore combination dosing options (42).




3.3 Anti-PD-L1 inhibitors


3.3.1 Socazolimab (ZKAB001)

A phase I clinical study (NCT03676959) of Socazolimab among R/M CC patients in China was presented at the 2022 ASCO meeting. There were 92 patients who entered the 5 mg/kg dose-expansion phase. The median PFS was 4.44 months, the median OS was 14.72 months, and the ORRs were similar between PD-L1 positive and negative patients (16.7% and 17.9%, respectively). Only 7.7% of patients had grade 3–4 TRAEs. These findings demonstrated the safety and efficacy of single-agent Socazolimab for R/M CC treatment (43, 44).




3.4 Bispecific antibody


3.4.1 Cadonilimab (AK104)

Cadonilimab is a PD-1/CTLA-4 bi-specific antibody. A multi-center, open-label, single-arm phase II study from China enrolled 111 patients with R/M CC who had previously received up to two lines of doublet chemotherapy with or without Bevacizumab [a humanized IgG1 anti-vascular endothelial growth factor (VEGF) mAb]. The results were presented by Wu et al. at the SGO Annual Meeting in March 2022 and revealed that the ORR of Cadonilimab monotherapy was 33.0% (including 12 patients with CRs and 21 with PRs), the OS was 17.51 months, and the median PFS was 3.75 months. In PD-L1-positive (CPS ≥1) patients, the ORR was 43.8%, the median PFS was 6.34 months, and the median OS was not reached. Grade ≥3 TRAEs occurred in 28.8% of patients, with the most common being anemia (7.2%) and decreased appetite (2.7%) (45). In June 2022, Cadonilimab was authorized in China for the treatment of R/M CC patients who progressed during or following platinum-based chemotherapy (50).



3.4.2 Bintrafusp alfa (M7824/MSB0011359C)

Bintrafusp alfa is an innovative bifunctional fusion protein consisting of the extracellular domain of transforming growth factor-β receptor II (TGF-βRII) fused to human IgG1 mAb of PD-L1 (51). Strauss et al. used the results of a phase 1 clinical study to retrospectively analyze the efficacy of Bintrafusp alfa in the treatment of HPV-associated malignancies. Findings from the phase 1 and phase 2 clinical trials (NCT02517398 and NCT03427411) of 59 patients revealed an ORR of 30.5% (five patients with CRs) and a DCR of 44.1% [eight patients with stable disease (SDs)], suggesting that this protein is worth further exploration for the treatment of CC (46, 52).





4 Combination therapy for R/M CC

Given the limited efficacy of ICB monotherapies, studies have begun to assess combination therapies such as ICB combination therapy, ICB and targeted therapy, radiotherapy/chemotherapy, antibody-drug conjugate (ADC), adoptive cell therapy, and therapeutic vaccines. These include the use of new drugs alone or in combination with classical therapeutic regimens, such as the anti-PD-L1 mAb, Tislelizumab, in combination with the anti-TIGIT mAb, Ociperlimab, in a phase II study (AdvanTIG-202) (53). While chemotherapy can kill tumor cells, causing the release of tumor-associated antigens and promote tumor cell recognition by T cells, immunotherapy can directly activate T cells. While anti-angiogenic therapy and radiotherapy regulate the immunosuppressive microenvironment, immunotherapy increases the sensitivity of radiotherapy. Indeed, the combination of an activated immune response and multiple therapies can have a synergistic anti-tumor effect (54–56). On October 13, 2021, Pembrolizumab in combination with chemotherapy, with or without Bevacizumab, was approved by the U.S. FDA for first-line treatment of R/M CC with CPS ≥1. Other treatment options remain in the clinical trial phase, most as second-line therapies. Published data on ICB in combination with other treatments for R/M CC is shown in Table 3 (19, 57–70).


Table 3 | Published data on combination therapy with immune checkpoint drugs for recurrent/metastatic cervical cancer.




4.1 Combination of ICB and systemic therapy


4.1.1 Pembrolizumab ± bevacizumab

A double-blind, randomized, phase III clinical trial (NCT03635567/KEYNOTE-826) combining Pembrolizumab with chemotherapy ± Bevacizumab enrolled PD-L1-positive (CPS ≥1) metastatic or unresectable CC patients that showed progress during chemotherapy. Of 548 PD-L1-positive patients, the median PFS in the Pembrolizumab and placebo groups was 10.4 and 8.2 months, respectively, and the 1-year OS rates were 53.0% and 41.7%, respectively. Anemia (Pembrolizumab group: 30.3%; placebo group: 26.9%) and neutropenia (Pembrolizumab group: 12.4%; placebo group: 9.7%) were the most common grade 3–5 TRAEs (19). Thus, 2022 NCCN recommendations for first-line treatment of patients with PD-L1-positive (CPS ≥1) R/M CC advocate for the use of Pembrolizumab in combination with platinum or paclitaxel, with or without Bevacizumab (71). At the 2022 ASCO meeting, Tewari et al. added the results of a subgroup analysis using a Cox regression model, in which patients in the Pembrolizumab group had better survival rates than those in the placebo group among the subgroups of bevacizumab use, platinum use, prior CRT, and squamous carcinoma (57).



4.1.2 Cadonilimab ± bevacizumab

Results of a phase II study in China that combined Cadonilimab with platinum-based chemotherapy ± Bevacizumab (bev) were presented at the 2022 ASCO meeting, including three cohorts (A-15: AK104 15 mg/kg; A-10: AK104 10 mg/kg; B-10: AK104 10 mg/kg + bev 15 mg/kg). The ORRs were 73.3% (11/15), 68.8% (11/16), and 92.3% (12/13), respectively, and were significant regardless of CPS status. Twenty-three (51.1%) patients had grade ≥3 TRAEs and eight (17.8%) had grade ≥3 immune-related adverse events (irAE). There were no deaths associated with AK104 (58). These data suggest that AK104 plus chemotherapy may be a first-line treatment option for R/M CC. Additional phase III study findings are needed to confirm this preliminary result.



4.1.3 Camrelizumab + apatinib

The antitumor efficacy and safety of Camrelizumab (a humanized anti-PD-1 mAb) in combination with Apatinib [a vascular endothelial growth factor receptor-2 (VEGFR-2) inhibitor] for the treatment of R/M CC was studied in an open-label, multicenter, single-arm, phase II clinical study in China. The intention-to-treat analysis results revealed an ORR of 55.6% (25/45), a CR of 4.4% (2/45), and a PR of 51.1% (23/45), with the combination therapy showing better outcomes than the monotherapy. However, only 35.6% of patients were able to tolerate the starting dose of 250 mg once daily Apatinib, and the combination led to increased adverse events (AEs). While the optimal dose-response relationship requires further study, this combination is likely to be an effective option for the treatment of advanced CC (59).



4.1.4 Sintilimab + anlotinib

Sintilimab is a humanized IgG4 anti-PD-1 mAb (72). Anlotinib (AL3818) was a small molecule VEGFR-2 selective inhibitor (73). A phase II, single-arm, multicenter clinical study in China found that 39 patients with R/M CC and evaluable efficacy of PD-L1-positive (CPS ≥1) had an ORR of 59.0%, a median PFS of 9.4 months, and a DCR was 94.9%. The higher ORR was associated with mutations in the PIK3CA, KMT2D, or PI3K-AKT signaling pathways, while the shorter PFS was linked to STK11 and/or JAK2 mutations (60).



4.1.5 Sintilimab/camrelizumab ± apatinib

A retrospective study of 102 patients with R/M CC who received treatment with the PD-1 mAb (Sintilimab/Camrelizumab) in combination with or without anti-angiogenic medicines (Apatinib) in China showed an ORR of 51.0%, a DCR of 66.7%, and a median PFS of 11.0 months. This study found that the combination of PD-1 blockade of chemotherapy and anti-angiogenic medicines successfully extended the ORR and PFS of patients with R/M CC, especially among those with squamous carcinoma, with a recurrence time >6 months (61).



4.1.6 Nivolumab + lucitanib

The anti-PD-1 mAb, Nivolumab, in combination with Lucitanib, a tyrosinase inhibitor with multiple targets (VEGFR1-3, FGFR1-3, and PDGFRα/β) was designed as a novel treatment for R/M CC. Partial findings of a phase II study (LIO-1) were reported at the 2022 SGO Annual Meeting. Seventeen of 20 enrolled patients underwent post-treatment evaluation, with four having PRs and eight showing SDs. Hypertension (20%) was the most prevalent grade ≥3 treatment-emergent adverse event (TEAE). Three patients stopped using lucitanib because of associated TEAEs, including colonic fistula, hypertension, and proteinuria (62). The combination had strong anti-tumor activity and more results are expected soon.



4.1.7 Serplulimab + albumin-bound paclitaxel

The findings of a multi-center, single-arm phase II study (NCT04150575) in China that combined Serplulimab, an anti-PD-1 mAb, with albumin-bound paclitaxel among patients with advanced CC who relapsed, progressed, or were unable to tolerate first-line chemotherapy were reported at the 2022 SGO Annual Meeting. The study enrolled 21 patients with PD-L1-positive (CPS ≥1) advanced CC. The ORR was 57.1% (three patients with CRs and nine with PRs), the DCR was 76.2%, and the median duration of response (DOR) was not reached, with a median follow-up time of 14.6 months. The median PFS was 5.7 and the OS was 15.5 months, which were significantly better than monotherapy. The safety profile was good, with grade ≥3 TEAEs dominated by hematologic toxicities such as decreased neutrophil count (33.3%), decreased white blood cell count (28.6%), and anemia (23.8%), and the absence of grade 4–5 irAEs (63). These findings suggest that this combination may serve as a good option for the second-line treatment of R/M CC.



4.1.8 Atezolizumab + bevacizumab

Bevacizumab in combination with atezolizumab failed to provide the predicted effectiveness endpoints in a phase II clinical trial (NCT02921269) and should be used with caution in clinical practice (64). A further phase III randomized controlled BEATcc trial (NCT03556839) is ongoing, with results expected in 2023 (74).




4.2 Combination of ICB and radiotherapy/chemotherapy


4.2.1 Pembrolizumab + radiotherapy

Despite ICB’s partial efficacy against certain CC subtypes, single-agent ICB has limited efficacy in patients with R/M CC due to the tumor suppressive microenvironment, and most new ICB drugs are expensive. A multi-center, open-label, non-randomized phase II clinical trial (NCT03192059) in Belgium designed a regimen that combines existing drugs by applying Pembrolizumab (200 mg in 21-day treatment cycles), radiotherapy (3x8Gy in 48 h-intervals), and a regimen consisting of aspirin, lansoprazole, vitamin D, cyclophosphamide and curcumin in an immunomodulatory cocktail treatment (PRIMMO) that simultaneously acts on tumor metabolism, angiogenesis, and anti-tumor immune activity (75). Jaeghere et al. found that in 18 patients with R/M CC, the ORR was 11.1%, the median interval-censored PFS was 4.1 weeks, and the median DOR was not reached. Grade ≥3 TRAEs were reported in 10 (55.6%) patients (65). This immunomodulatory five-drug cocktail therapy is a new treatment with durable but limited antitumor activity. However, its toxicity requires further study, and the results from a larger sample size will help to verify drug efficacy.




4.3 ICB combination therapy


4.3.1 Balstilimab + zalifrelimab

Zalifrelimab (AGEN1884) is a humanized IgG1 anti-CTLA-4 mAb (76). A recent phase II study (NCT03495882) found an ORR of 25.6% in 125 patients with measurable R/M CC who were treated with Balstilimab (Bal) in combination with Zalifrelimab (Zal), including 10 patients with CRs and 22 with PRs. The ORR was 32.8% and 9.1% in patients with positive (CPS ≥1%) and negative (CPS <1%) PD-L1 status, respectively (66). The addition of Bal to Zal increased the ORR and DOR without significant TRAEs (77). Another phase II trial, RaPiDS (GOG-3028/NCT03894215), is also ongoing (78).



4.3.2 Navoximod + atezolizumab

In a phase I clinical trial of Navoximod (GDC-0919), an IDOi, in combination with the PD-L1 blocker, Atezolizumab, for the treatment of patients with advanced solid tumors, clinical efficacy was demonstrated at all dosage levels in all tumor types, including CC, with tolerable AEs. However, there was no direct evidence that the combination therapy was superior to monotherapy, matching findings from another clinical trial (ECHO-301) (79).




4.4 Others


4.4.1 Pembrolizumab + tisotumab vedotin

Tisotumab vedotin (TV) is an ADC that targets tissue factors and releases a microtubule-disrupting agent, monomethyl auristatin E (80). A multi-center, phase 1/2 clinical study, InnovaTV 205/ENGOT-cx8 (NCT03786081/GOG-3024), investigated the effectiveness and safety of TV in conjunction with Pembrolizumab as a first-line therapy for R/M CC (81). In the latest interim analysis reported by Dr. Domenica Lorusso at the 2022 ASCO meeting, the ORR was 41% (three patients had CRs and 10 had PRs) among 32 evaluable patients. The median time to response was 1.4 months, the median PFS was 5.3 months, and the median DOR and OS were not reached. A report of the final outcomes is expected (67).



4.4.2 Pembrolizumab + GX-188E

GX-188E (Tirvalimogene teraplasmid) is an HPV-16 and HPV-18 E6 and E7 therapeutic DNA vaccine (82). Pembrolizumab in conjunction with GX-188E in patients with HPV16/18-positive R/M CC was tested in a single-arm phase II clinical trial (NCT03444376) from South Korea. The ORR was 42% with four patients with CRs, seven with PRs, and four (11%) with grade 3-4 AEs at interim analysis (68). The findings of the subsequent KEYNOTE-567 trial were reported at the 2021 ASCO Annual Meeting and showed an ORR of 33.3% (16/48) following combination therapy, a significant improvement over monotherapy. A higher ORR was found in PD-L1-positive, HPV16-positive, squamous cancer patients, with a safety profile comparable to monotherapy (69).



4.4.3 Nivolumab + tumor-infiltrating lymphocytes (TILs)

Nivolumab is a humanized IgG4 anti-PD-1 mAb (83). Yin et al. showed that patients with low microsatellite instability (MSI) expression, PD-L1 negative metastatic CC who were treated with Nivolumab in combination with TILs had an ORR of 25%, a median PFS of 6.1 months, and a median OS of 11.3 months. This provided a new treatment option for patients who are unresponsive to most immunotherapies (70).





Combination of ICB and radiotherapy/chemotherapy for LACC

Since CCRT is the standard of care for LACC, current studies have focused on immunotherapy combined with CCRT. Immunotherapy can increase the sensitivity of radiotherapy and further improve the local control rate while activating the immune system, helping to eliminate subclinical lesions and reduce recurrence. All published data on ICBs for LACC are in early-stage clinical trials. Moreover, the multi-center CALLA study of Durvalumab (NCT03830866) and the DECISION study in Japan (jRCT2031210083) are ongoing. The CALLA study is a large phase III clinical study that is expected to end in April 2024 (84, 85). A comparison of current published data on LACC treatment options is shown in Table 4 (86–91).


Table 4 | Published data on combination therapy with immune checkpoint drugs for locally advanced cervical cancer.




5.1 Anti-PD-1 inhibitors


5.1.1 Pembrolizumab

A randomized phase II study (NCT02635360) in U.S. showed that Pembrolizumab was safe after or during CCRT among patients with LACC. CCRT was cisplatin plus pelvic radiotherapy. Of 52 patients with evaluable toxicity, at least grade 4 AEs were observed in 1/11 patients, grade 3 AEs were found in 1/23 patients, two patients experienced three dose-limiting toxicities (DLTs), and 83% of patients completed Pembrolizumab treatment. These results are promising (86).



5.1.2 Nivolumab (ONO-4538)

Results of two phase I studies of Nivolumab in combination with CCRT for patients with LACC were reported at the 2022 ASCO meeting. The NiCOL trial (NCT03298893) in France, a prospective, multi-center, dose-confirmation, phase I clinical trial, enrolled 16 patients with stage IB3-IVA CC receiving Nivolumab (240 mg once every 2 weeks) during CCRT and Nivolumab maintenance therapy following CCRT. The 1-year PFS was 81.2% and three cases experienced DLT, including two with grade 3 hypotension and one with grade 3 acute kidney injury (87). Another multi-center GOTIC-018 study in Japan compared individuals receiving Nivolumab during CCRT followed by Nivolumab maintenance therapy (Group A) with those receiving Nivolumab before, during, and after CCRT (Group B). The most common grade ≥3 AEs were neutropenia (Groups A: 60.0%; Group B: 26.7%), anemia (Groups A: 13.3%; Group B: 16.7%), and diarrhea (Groups A: 13.3%; Group B: 26.7%), and no DLT was found during the acute phase (88). Overall, the combination of Nivolumab and CCRT was shown to be safe and effective at improving PFS, and further trial results are expected.



5.1.3 Toripalimab

Patients with stage III-IVA CC were enrolled in an open-label, single-arm, phase II study (NCT05084677) in China to evaluate ORR, PFS, OS, and safety. Toripalimab (240 mg, once every 3 weeks) was administered during CCRT and consolidation chemotherapy, and Toripalimab (240 mg, once every 6 weeks) was administered after consolidation chemotherapy until the entire treatment cycle reached one year (92). At the 2022 ASCO meeting, Ou et al. presented the results of 22 LACC patients receiving brachytherapy and Toripalimab (240 mg on days 1, 22, and 43) after CCRT. The 3-month ORR rate was 95.5%. However, two patients developed multiple metastases and lung metastasis after 3 and 6 months of treatment, respectively. The most common grade III AE was leukopenia (36.4%), and the most common irAE was hypothyroidism (9.1%) (89). Toripalimab in combination with CCRT is promising for the treatment of patients with LACC, and further follow-up results are expected.




5.2 Anti-CTLA-4 inhibitors


5.2.1 Ipilimumab

A prospective phase 1 clinical trial (GOG 9929/NCT01711515) in U.S. investigating the combination immunotherapy regimen of sequential Ipilimumab after CCRT for patients with metastases in the pelvic lymph nodes, para-aortic lymph nodes, or both had a PFS of 81% and an OS of 90% during the first year, with better long-term outcomes than expected from the GOG0125 study (90). New results from the GOG-9929 study showed that Ipilimumab increased T-cell activation, including ICOS and PD-1 expression, and maintained CD4+ T-cell levels among patients at high risk of recurrence. These data suggest that combination therapy may further boost the antitumor immune response (93).




5.3 Anti-PD-L1 inhibitors


5.3.1 Atezolizumab

A phase I clinical study (NRG-GY017/NCT03738228) in U.S. evaluated the immune activation of Atezolizumab (an anti-PD-L1 mAb) in lymph node-positive patients with LACC who received extended-field chemoradiotherapy (94). Preliminary results were reported at the 2022 SGO Annual Meeting, where on-treatment biopsy results showed that patients with higher pre-treatment T-cell receptor (TCR) diversity were more likely to experience pathologic CR and that the drug combination had a good safety profile (91).





6 Biomarkers for predicting the efficacy of immunotherapy

There are no highly predictive biomarkers for immunotherapy of R/M CC. The most used is PD-L1 expression and several clinical studies, including KEYNOTE-158 and NCT03104699, have shown that patients with CPS ≥1 (PD-L1 positive) have better outcomes than those with CPS <1 (PD-L1 negative) (33, 41). Patients with CPS ≥1 were subsequently included in the KEYNOTE-826 trial and used as an indication for Pembrolizumab by the NCCN guidelines. However, the NCT03676959 trial did not observe a difference in treatment efficacy between the PD-L1 positive and negative groups (43, 44). Whether PD-L1 expression levels can be used as a marker remains controversial and varies widely across tumor types. Among all FDA-approved immune checkpoint inhibitors, PD-L1 was predictive in only 28.9% of cases (95). More large multicenter clinical trials are needed to validate the initial findings. In addition, CC is an HPV-associated tumor, and PD-L1 positivity is often associated with a poorer prognosis (96). Further exploration of the mechanism of interaction between HPV infection and PD-L1 expression may help explain the difference in treatment efficacy.

A retrospective analysis evaluated the association between prognosis and tumor mutational burden (TMB) among 151 patients with different tumor types receiving multiple single-agent immunotherapies, and multivariate analysis found that a TMB of ≥20 mutations per million bases (≥ 20 mut/Mb) suggested a better prognosis and that TMB was an independent prognostic factor in patients receiving ICB monotherapy (97). However, this finding was not observed in combination therapy and requires further validation in prospective studies, as reaffirmed by Chan et al. (98). Some studies showed that patients treated with PIK3CA, PTEN gene mutation, and TMB-high (≥5 mut/Mb), had a better prognosis, while those with an ERBB3 gene mutation had a poor prognosis, suggesting that these could serve as predictive biomarkers for combination therapy (99). In addition, MSI, CD8+ tumor-infiltrating lymphocytes (CTLs)/CD4+ regulatory T cells (Treg) ratio (positively correlated with prognosis), mismatch repair (MMR), polymerase δ and ϵ mutations were also potential predictive biomarkers (100–102). Alterations in the 9p24.1 gene copy number and the density of PD-1 positive DCs could be used to screen appropriate populations for PD-1/PD-L1 blockade therapy (103, 104).

Current studies suggest that immunotherapy using a combination of multiple biomarkers promotes a more effective anti-tumor response than individual markers (105). Well-defined markers can help screen patients most likely to benefit from immunotherapy and guide clinical decision-making.



7 Summary and prospects

Among patients with R/M CC, positive results are now available from two large phase III randomized controlled trials. The GOG-3016 study found that ICB monotherapy improved OS by 3.5 months compared to chemotherapy alone. The KEYNOTE-826 study showed that ICB in combination with chemotherapy with or without anti-angiogenic therapy improves OS by nearly 1 year compared to CCRT alone. However, the results of current studies are inconsistent, and more studies are needed to identify populations that would benefit from these treatments. Squamous cell carcinoma (SCC) is the main histologic subtype of CC, and previous studies have shown that SCC is most likely to express PD-L1 and is more sensitive to ICBs (106). Several studies have identified differences in treatment efficacy in patients with different levels of PD-L1 expression. This suggests that stratified studies based on CPS can be performed to explore the possibility of using ICB monotherapy to treat sensitive populations. Overall, while combination therapy may be more beneficial than monotherapy, it is important to be aware of the potential increase in drug-related toxicity. In addition, as a result of the large CC patient population in China, some new drugs have only been developed and tested in Chinese patients. Several trials have yielded good results, and international multi-center studies are expected to test these drugs in more diverse patient populations.

Concurrent radiotherapy is the standard treatment modality for LACC patients, however, the efficacy is limited, especially for those with stage III/IV disease (6). Thus, the addition of immunotherapy may be of particular benefit to late-stage patients. Among patients with lymph node metastases or local tumor infiltration, the combination of ICB and CCRT is shown to have a “1+1>2” effect and increase the local control rate to reduce recurrence. Meanwhile, stage IB3-IIA patients may not require immunotherapy because CCRT alone has a high local control rate. The timing of immunotherapy, including immune induction, concurrent, and maintenance therapy, also deserve further exploration. Current immunotherapy for LACC is in phase I clinical trials with a fair safety profile. More results are expected to answer these questions.

There are several issues to consider regarding CC-specific immunotherapy. First, neuroendocrine CC, a rare pathological type that differs from SCC, has a poor prognosis and no standard treatment modality (107). Immune combination therapies have shown some promise in small sample retrospective studies and case reports (108, 109), however, larger randomized controlled trials are required to verify the efficacy of these drugs. Second, while T-cell-based immunotherapy has been most commonly studied, recent reports have shown that B cell infiltration and the formation of tertiary lymphoid structures (TLS) in melanoma and soft tissue sarcoma were involved in tumor immune responses. Large-scale RNA sequencing has also shown that tumor-infiltrating B cells and TLS correlated positively with patient response to ICB therapy and prognosis (110–113). Thus, it may be worthwhile exploring potential immunotherapy options associated with other immune cells, including B cells, and their interaction with HPV. Third, new evidence suggests that the route of administration and drug dosage forms can be improved through the use of nanomaterials (114, 115). In addition, by enriching public databases and developing novel computer algorithms, several studies have established various models and systems for screening tumor-associated neoantigens and quantitatively evaluating TME (116, 117). One study used deep learning artificial intelligence-based algorithms to analyze the CheckMate-038 trial and found that it could predict the expression of tumor-specific T-cell receptors in melanoma patients receiving immunotherapy (118). Most of these new technologies are in the exploratory stage and may be used to test drug efficacy, predict adverse effects (119–121), screen for potential biomarkers, and aid in drug development.

In conclusion, immunotherapy has shown safety and some efficacy in patients with LACC and R/M CC. However, additional large multicenter clinical trials are needed to identify more first- and second-line treatment modalities and to screen for patient populations suitable for immunotherapy. This will be critical to prolonging the survival and improving the quality of life of CC patients.
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first-

line platinum-based
treatment regimen

R/M CC;
SCC; HPV+

Advanced or
recurrent CC; 21
lines previous
chemotherapy
regimen

Persistent R/M CC;
>1 lines prior
systemic
chemotherapeutic
regimen

R/M CC

R/M CC; previously
failed or intolerant
to the first-line

platinum-based
regimen

R/M CC; progressed
on or after two or
fewer previous
doublet
chemotherapy with
or without
bevacizumab

Locally advanced or
metastatic HPV
associated
malignancies
including:

Non-
Neuroendocrine
CCs

R/M CC

Treatment regimens

Pembrolizumab 200 mg IV g3w for
up to 2 years

Pembrolizumab 200 mg IV 3w
until disease progression,
unacceptable toxicity, or patient
withdrawal occurred

Cemiplimab 350 mg IV q3w until
PD, unacceptable toxicity, or until
96 weeks;

The investigator’s choice of single-
agent

chemotherapy.

Balstilimab 3mg/kg IV q2w for up
to 24 months

Nivolumab 240 mg IV q2w for up
to 2 years

Nivolumab 240 mg IV q2w until
CR or PD, unacceptable toxicity,
investigator decision, or withdrawal
of consent

Nivolumab 3mg/kg IV q2w for a
maximum of 46 doses until PD or
adverse effects prohibit therapy.

The run-in cohort (phase 1):
Ipilimumab, 3mg/kg IV q3w for 4
cycles;

The second

cohort (phase 2): Ipilimumab,
10mg/kg IV g3w for 4 cycles
followed by 10mg/kg IV q12w for 4
additional cycles as maintenance
therapy for pts with radiologic
response or stabilization

Socazolimab 5mg/kg IV q2w until
PD

Cadonilimab 6 mg/kg IV q2w

Bintrafusp alfa 1200mg IV q2w
until PD, unacceptable toxicity, or
study withdrawal

QL1706 5.0 mg/kg IV q3w for up
to 24 months

Primary
endpoint

ORR, 12.2% (PD-L1+,
14.6%; PD-L1-, 0%)

ORR, 9.4% (ECOG
<1, 18.9%); Safety:
AEs, 55 (47.0%) pts;
AEs > grade 3, 8
(6.8%) pts; suspicious
treatment-related
deaths, 2 of 8

Median OS, 12.0
months vs. 8.5
months;

ORR, 15% (PD-L1+,
20%; PD-L1-, 7.9%;
SCC, 17.6%; AC,
12.5%)

ORR, 26.3%

ORR, 25% (PD-L1+,
33%; PD-L1-, 0%)

ORR, 4%

ORR, 2.4%; Safety:
AEs > Grade 3, 12 pts

ORR, 15.4% (PD-L1+,
16.7%; PD-L1-,
17.9%);

Safety: MTD was not
determined at the
highest dose (15 mg/
kg); No treatment-
related deaths

ORR, 33.0% (PD-L1+,
43.8%)

ORR, 30.5%

ORR, 28%

R/M, recurrent or metastatic; CC, cervical cancer; SCC, squamous cell carcinoma; AC, adenocarcinoma; ASC, adenosquamous carcinoma; NEC, neuroendocrine cell carcinoma; GCC,
Glassy cell carcinoma; BSCC, basaloid squamous cell carcinoma; ECOG, Eastern Cooperative Oncology Group performance status; HPV, human papillomavirus; IV, intravenous; ORR,
objective response rate; OS, overall survival; PES, progression-free survival; CR, complete response; PD, progressive discase; AEs, adverse events; pts, patients; MTD, maximum tolerated
dose; CPS, combined positive score; 2w/q3w/q12w, once every two/three/twelve weeks.





OEBPS/Images/table4.jpg
(86)

(87)

(88)

(89)

(90)

o1

NCT02635360

ws) 1

NiCOL
NCT03298893 1
(France)

GOTIC-018/]MA-
11A00425 (Japan)

ChiCTR2000032879
(China)

GOG-9929
NCT01711515 1
(US)

NRG GY-17;
NCT03738228 1/Ib
(Us.)

52

16

30

22

32

36

Histology
scc=
82.7%

AC =15.4%
ASC = 1.9%
scc=
87.5%

AC = 12.5%
scc=
93.3%

AC = 6.7%
NR

SCC = 88%
AC = 9%
ASC = 3%
NR

Patient
population

FIGO 2009 stages IB-
IVA CC

FIGO 2018 stage IB3-
IVA CC

FIGO 2009 stages IB-
IVA CC

FIGO stages II-IVA
CcC

CC, FIGO stages 1B2
or ITA with positive
PALNS or stages 1B,
11IB, or IVA with
positive pelvic lymph
nodes, PALNS, or both

LACC with positive
lymph nodes

Treatment regimens

Pembrolizumab 200mg IV q3w for 3
cycles as consolidative (Arm 1) or
concurrent (Arm2) therapy in addition
to CRT (EBRT 45 Gy with Cisplatin
40mg/m2 qlw for 5-6 weeks, followed by
a brachytherapy boost to > 80 Gy)

Nivolumab 240mg IV q2w for up to 6
months as concurrent and maintenance
therapy in addition to CRT (45 Gy in 25
fractions with cisplatin 40mg/m2 qlw,
followed by a brachytherapy boost to 85
Gy)

Cohort A: Nivolumab

240mg IV q2w with CRT followed by
maintenance therapy with Nivolumab;
Cohort B: pre- (two doses of Nivolumab
before CCRT) plus Cohort A; CCRT: > 4
cycles of Cisplatin (40 mg/m2 qlw) and
EBRT followed by brachytherapy

Toripalimab 240mg IV on days 1, 22 and
43; CRT: Cisplatin 40mg/m2 qlw for 5
weeks and EBRT 45-50.4Gy, followed by
brachytherapy 24-30Gy

Cisplatin 40mg/m2 for 6 weeks
concurrent with Extended field RT 45Gy
followed by a brachytherapy (LDR 40Gy;
HDR 30Gy); Ipilimumab (3mg/kg or
10mg/kg) IV q3w for 4 doses

Three doses of Atezolizumab (1200mg
IV) on day -21, 0, 21 (Arm A) versus
day 0, 21, 42 (Arm B) and CRT

Primary endpoint

Safety: AEs > Grade 3, 23
(44.2%) pts; AEs > Grade
4,11 (21.2%) pts; No AEs
> Grade 5

Safety: DLT, 3 pts; AEs >
Grade 3,

hypotension (2 pts) and
acute kidney injury (1 pts)

Safety: AEs > Grade 3, all
pts [neutropenia (60.0 and
26.7% in cohort A and B,
respectively), anemia (13.3
and 16.7%) and diarrhea
(13.3 and 26.7%)]

Safety: AEs > Grade 3, 10
(45.5%) pts

Safety: AEs > Grade 3, 21
(9.5%) pts (lipase increase;
dermatitis)

Safety: DLT, Arm A: no
DLTs; Arm B: 3 (8%) pts;
AEs > Grade 3, Arm A: 3
(8.3%) pts; Arm B: 7
(19.4%) pts

CC, cervical cancer; LACC, locally advanced cervical cancer; FIGO, the International Federation of Gynecology and Obstetrics; SCC, squamous cell carcinoma; AC, adenocarcinoma;
ASC, adenosquamous carcinoma; IV, intravenous; AEs, adverse events; pts, patients; DLT, dose-limiting toxicities; q1w/q2w/q3w, once every one/two/three weeks; NR, Not Reported;
SBRT, Stereotactic body radiotherapy; EBRT, external-beam radiation therapy; CCRT, concurrent chemoradiotherapy; PALN, para-aortic lymph node.
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Pembrolizumab
Group = 308
Placebo Group
=309

45 (3 cohorts:
A-15, A-10, and
B-10)

45

42

102
(Camrelizumab
= 85; Sintilimab
=27)

20

21

11

18

155

32

36

Histology

Pembrolizumab
Group: SCC =
76.3%

AC =182%
ASC = 4.9%;
Placebo Group:
SCC = 68.3%
AC =27.2%
ASC = 4.5%

SCC = 66.7%
AC =33.3%

SCC = 83.3%
AC =11.9%
ASC = 4.8%

SCC =73.5%
AC =26.5%

NR

NR

SCC = 55%
AC = 45%

SCC = 66.7%
AC =27.8%
ASC = 5.6%

SCC =70.3%
AC =27.1%
ASC =2.6%

NR

SCC = 78%
AC =22%

SCC = 81.25%
AC =18.75%

Patient
population

R/M CC; PD-
L1-positive
(CPS = 1); not
treated with
systemic
chemotherapy
and not
amenable to
curative
treatment

R/M CC; SCC,
AC, or ASC

R/M CG;
progressed
after at least
one line

of systemic
therapy

R/M CC; PD-
L1-positive
(CPS 2 1);
previously
failed or
intolerant to
the first-line
systemic
therapy

R/M CC

R/M CG; 21
lines prior
platinum-
based
chemotherapy
regimen +
Bevacizumab

CC; PD-L1-
positive (CPS
2 1)
previously
failed or
intolerant to
the first-line
systemic
therapy

Persistent R/
M CG;
progression
after 1-2 prior
therapies

Persistent R/
M CC;
Progression
21 lines of
standard
chemotherapy

R/M CG;
relapsed after
=1 lines prior
platinum-
based
chemotherapy
regimen

R/M CC

Recurrent/
Advanced
HPV-Positive
(HPV-16/
HPV-18) CC

Metastatic CC
with

low MST
expression
and PDL1-
negative

Treatment regimens

Pembrolizamab200mg IV or placebo
q3w for up to 35 cycles and Paclitaxel
175 mg/m2 IV + Cisplatin 50 mg/m2
1V or Carboplatin AUC 5 IV, with or
without Bevacizumab 15mg/kg IV
(investigator’s choice)

A-15/A-10: Cadonilimab (AK104) 15/
10 mg/kg IV + Paclitaxel 175mg/m2
1V + Cisplatin 50 mg/m2 IV/
Carboplatin AUC 5 1V, q3w; B-10:
AK104 10 mg/kg IV + Paclitaxel 175
mg/m2 IV + Cisplatin 50 mg/m2 IV/
Carboplatin AUC 5 IV+ Bevacizumab
15 mg/kg IV, q3w). All pts received
AK104 until PD or unacceptable
toxicity

Camrelizumab 200mg IV q2w and
Apatinib 250mg orally qd for up to 24
months

Sintilimab 200mg IV q3W and
Anlotinib 10mg orally qd on days 1-14
per cycle.

Camrelizumab/Sintilimab 200mg IV
q3w + Paclitaxel (175 mg/m2) and
Cisplatin (50 mg/m2)/Carboplatin
(AUC = 5) g3w * Apatinib 250mg
orally qd for up to 2 years

Nivolumab 480 mg IV q4w +
Lucitanib 6mg orally qd

Serplulimab 4.5 mg/kg + Albumin-
bound paclitaxel 260 mg/m2 q3w

Atezolizumab 1200mg IV q3w +
Bevacizumab 15mg/kg IV q3w until
PD or unacceptable toxicity

Induction period: the
immunomodulatory five-drug cocktail
[Cyclophosphamide 50mg, Aspirin
325mg, Lansoprazole 180 mg or 30 mg
(dose alternating weekly), Vitamin D
50ug, and Turmeric hytosome 2g]
orally qd for 2 weeks; Pembrolizumab
200mg IV q3w for up to 2 years; SBRT
(24Gy/3 fractions) over five days
during the first cycle of
Pembrolizumab (study days 15, 17,
and 19).

Balstilimab 3mg/kg IV q2w and
Zalifrelimab 1mg/kg IV q6w for up to
24 months.

Tisotumab Vedotin 2mg/kg IV and
Pembrolizumab 200mg IV q3w

GX-188E 2mg IM at weeks 1, 2, 4, 7,
13, and 19, with one optional dose at
week 46 that was at the investigator’s
discretion, and Pembrolizumab 200mg
IV 3w for up to 2 years

Nivolumab 3mg/kg IV q2w until PD
or unacceptable toxicity and TILs
transfused at the first cycles

Primary end-
point

Pembrolizumab vs.
Placebo: median
PES, (CPS 21) 10.4
months vs. 8.2
months; median
PFS, (CPS 210)
10.4 months vs. 8.1
months; 24 months
08, 53.0% vs,
41.7%

Safety: AEs >
Grade 3, 23
(51.1%) pts

ORR, 55.6%

ORR, 54.8%

ORR, 51.0%;
median PFS, 11.0
months

ORR, 23.5%

ORR, 57.1%;
Safety: The most
common AEs >
Grade 3, decreased
neutrophil count, 7
(33.3%) pts

ORR, 0%

ORR, 11.1%

ORR, 25.6% (PD-
L1+, 32.8%; PD-
L1-, 9.1%)

ORR, 41%

ORR within 24
weeks, 42%

Safety: The most
common AEs >
Grade 3, Fever, 4
(5%) pts

R/M, recurrent or metastatic; CC, cervical cancer; SCC, squamous cell carcinoma; AC, adenocarcinoma; ASC, adenosquamous carcinoma; HPV, human papillomavirus; 1V,
intravenous; IM, intramuscular; ORR, objective response rate; OS, overall survival; PES, progression-free survival; PD, progressive disease; AEs, adverse events; pts, patients; MTD,
maximum tolerated dose; CPS, combined positive score; q2w/q3w/qdw/q6w, once every two/three/four/six weeks; qd, once daily; NR, Not Reported; SBRT, Stereotactic body
radiotherapy; MSI, microsatellite instability; TIL, tumor-infiltrating lymphocyte.





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-12-1045481-g001.jpg
|ICB

B7-1 (CDS0),
87 ECDSG; CTLA-4 /3/ \\\ ICOS <1 ICOSL (B7RP1/CD275)
PD-L1, PD-L2 PD-1 / » \\ OX40 <] OX40L
\ GITR <1 GITRL
MHC-II, LSECtin LAG-3 » \
Galectin-9, PtdSer, | /l 4-1BB (CD137) <1 4-1BBL
HMGB1, CEACAM-1 TIM-3 »
\ ' / CD40 <] CD4OL
PVR (CD155), TIGIT » T-lymphocyte Vi
PVRL2 (CD112) \ // cp27 <1 CD70
VSIG3, PSGL-1 VISTA »
\// CD28 <] (D80, CD86

Ligands Coinhibitory receptors = Costimulatory receptors Ligands





OEBPS/Images/table1.jpg
NCT04943627

NCT04864782

NCT03635567

NCT04906993

NCT03830866

NCT05446883

NCT03912415

NCT04221945

NCT04982237

NCT05173272

NCT05235516

C-700-03

QL1604-301

MK-3475-826/
KEYNOTE-826

SHR-1210-111-329

D9100C00001

QLI706-301

BCD-100-5

MK-3475-A18/
KEYNOTE-A18/
ENGOT-cx11/
GOG-3047

KY-2021-109

AK104- 305

Study Populations

Recurrent or Metastatic
Cervical Cancer

Stage IVB, Recurrent, or
Metastatic Cervical Cancer

Persistent, Recurrent, or
Metastatic Cervical Cancer

Recurrent/Metastatic
Cervical Cancer

FIGO (2009) Stages IB2 to
1IB node positive or II1A-
IVA any node

Recurrent or Metastatic
Cervical Cancer

Progressing thru/
Recurrent, or Primary
Metastatic Cervical Cancer
FIGO Stage IVB

FIGO (2014) Stage IB2-1IB
(with node-positive
disease) or Stages III-IVA

Persistent, Recurrent, or
Metastatic Cervical Cancer

FIGO (2018) Stage Ib3-
1Ic2

FIGO (2018) Stage 3A-4A

Interventions

Balstilimab (AGEN2034)

QL1604 + Paclitaxel +
Cisplatin/Carboplatin

Pembrolizumab (MK-
3475) + Paclitaxel +
Cisplatin/Carboplatin +
Bevacizumab

Camrelizumab (SHR-
1210) + Famitinib Malate

Durvalumab + Cisplatin/
Carboplatin + EBRT +
Brachytherapy

QL1706 + Paclitaxel +
Cisplatin/Carboplatin +
Bevacizumab

BCD-100+ Paclitaxel +
Carboplatin/Cisplatin +
Bevacizumab

Pembrolizumab +
Cisplatin + EBRT +
Brachytherapy

AK104 (Cadonilimab) +
Paclitaxel + Carboplatin/
Cisplatin + Bevacizumab

Serplulimab
(Neoadjuvant Therapy)

AK104 (Cadonilimab) +
EBRT + Brachytherapy +
Cisplatin

PD-1

PD-1

PD-1

PD-1 +
VEGFR-2

PD-L1

PD-1 and
CTLA-4

PD-1

PD-1 and
CTLA-4

PD-1

PD-1 and
CTLA-4

Enrollment

458

600

440

770

498

316

980

440

286

636

Primary

Endpoints

0os

ORR + PFS

PES + OS

PES + OS

PFS

PES + OS

os

PES + OS

PES + OS

PES

PFS

Estimated
Completion
Date

2021/10/22

2022/7/1

2022/11/23

2023/5/31

2023/6/30

2024/6/1

2024/12/1

2024/12/7

2025/12/30

2028/9/28

2029/5/1

FIGO, International Federation of Gynecology and Obstetrics; EBRT, external beam radiotherapy; PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand-1; CTLA-4,
cytotoxic T-lymphocyte-associated protein 4; VEGFR-2, vascular endothelial growth factor receptor 2; PFS, progression-free survival; OS, overall survival; ORR, objective response rate.





