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Background

Nearly all anti-PD-1 antibodies are of the IgG4 isotype, and thus possess residual FcR effector functions. Such anti-PD-1 antibodies are also associated with immune tolerance and escape due to instability of the CH3 domain and Fc-Fc interaction. In this trial, we examined the efficacy and safety of penpulimab, a novel IgG1 anti-PD-1 antibody that does not bind to the Fc receptor, in patients with refractory or relapsed classical Hodgkin lymphoma (R/R cHL).



Methods

Adult patients (≥18 years of age) with R/R cHL received 200 mg penpulimab once biweekly until disease progression or unacceptable toxicities for a maximum of 24 months. The primary endpoint was objective response rate (ORR) based on the Independent Radiology Review Committee per Lugano 2014 criteria. Secondary endpoints included progression-free survival (PFS), overall survival (OS), treatment-related adverse events (TRAEs) and immune-related adverse events (irAEs).



Results

A total of 94 patients were enrolled. The median follow-up was 15.8 months. The ORR was 89.4% (95% CI 80.8%, 95.0%) in the full analysis set (85 patients). Forty (47.1%) patients achieved complete remission, 36 (42.4%) patients achieved partial remission. The 12-month PFS rate was 72.1% (95% CI 60.5%, 80.8%) and the 18-month OS rate was 100%. Totally 97.9% (92/94) of patients experienced at least one TRAE. The rate of grade 3 and above TRAEs was 26.6% (25/94). In addition, 51 (54.3%) patients experienced an irAE, and 4 (4.3%) patients developed grade 3 or above irAEs. No irAE-related death occurred.



Conclusions

Penpulimab was effective and safe in patients with R/R cHL.
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Introduction

Classical Hodgkin lymphoma (cHL) is a malignant B cell lymphoma and occurs most commonly between 20 and 40 years of age (1). Despite a high clinical cure rate with first-line chemotherapy, approximately 5%-10% of the patients are refractory to initial chemotherapy. In addition, 10%-30% of patients who achieve complete remission (CR) with first-line chemotherapy eventually relapse (2). Though the antibody-drug conjugate brentuximab vedotin has achieved an objective response rate (ORR) of 75% in R/R cHL patients who have failed autologous stem cell transplant (ASCT), anti-PD-1 antibody pembrolizumab yielded significantly longer median progression-free survival (PFS) versus brentuximab vedotin in the KEYNOTE-204 trial [13·2 vs. 8·3 months, hazard ratio 0·65 (95% CI 0·48-0·88), P=0·0027] in R/R cHL patients who had relapsed post-ASCT or were ineligible for ASCT, indicating that PD-1 monoclonal antibodies are more efficacious than brentuximab vedotin in these patients (3).

Though nivolumab and pembrolizumab have demonstrated antitumor activities in R/R cHL patients (4–7), no sufficient data is available on the two drugs in Chinese cHL patients, and neither has been approved to treat cHL patients in China. Several PD-1 monoclonal antibodies, including tislelizumab, sintilimab, and camrelizumab, have received conditional approval in China for R/R cHL patients based on the results of single arm phase II trials (4–13). All these anti-PD-1 antibodies are IgG4 in nature whose fragment crystallizable (Fc) fragment can react to the Fc fragments of cancer-specific IgG1 bound to cancer antigens, interfering with IgG1-mediated effector functions and resulting in immune escape (14). Moreover, anti-PD-1 IgG4 antibody could engage FcγRI+ macrophages, induce antibody-dependent cell-mediated phagocytosis (ADCP), damage PD-1+ T cells and stimulate the release of IL-6, TNF-α, and other inflammatory cytokines, which may play a role in the development of immune-related adverse events (irAEs) (15–18).

Penpulimab, also known as AK105, is a human IgG1 anti-PD-1 antibody. A unique feature of penpulimab is a Fc mutation that eliminates Fc receptor and complement-mediated effector function, thus avoiding antibody-dependent cell-mediated cytotoxicity (ADCC), ADCP, and complement-dependent cytotoxicity (CDC), which are induced by binding of Fc to Fc receptor FcγRIIIa, FcγRIa, and C1q, respectively (19). In addition, IgG1 is structurally stable and thus minimizes immune escape (20, 21). A phase 1a dose-escalation trial of 16 patients with solid tumors found no dose-limiting toxicities (DLTs) of penpulimab up to the maximally allowed dose of 10 mg/kg and treatment-related adverse events (TRAEs) in 2 (12.5%) cases. Four patients achieved partial response (PR) and 4 patients achieved stable disease (SD), thereby indicating a favorable risk-benefit ratio. Given these promising results, we conducted this multicenter, single-arm, pivotal phase I/II trial to evaluate the efficacy and safety of penpulimab in Chinese patients with R/R cHL.



Materials and Methods


Patients

Adult patients (≥18 years of age) with pathologically proven R/R cHL were eligible. We included patients who had received combination chemotherapy followed by high-dose chemotherapy and stem cell transplant and relapsed while on or after their last line of therapy, or patients who had received multi-agent systemic chemotherapy as the 1st line chemotherapy and at least one line of multi-agent systemic chemotherapy in subsequent lines of chemotherapy. We also included patients with refractory cHL, defined as failure to achieve CR after at least 4 cycles of treatment, or PR after at least 2 cycles of treatment, or progressive disease (PD) as the best objective response (BOR) or the cause of discontinued medication on any number of cycles of treatment.

Other inclusion criteria were 1) an Eastern Cooperative Oncology Group (ECOG) performance status score of 0 or 1; 2) life expectancy ≥ 3 months; 3) at least one measurable lesion (>1.5 cm in the longest diameter, or >1 cm in the longest diameter with uptake on 18FDG-PET) according to the 2014 Lugano criteria; 4) adequate organ function. The main exclusion criteria were 1) nodular lymphocyte-predominant HL or gray zone lymphoma; 2) active immune disease and inflammatory bowel disease; 3) central nervous system (CNS) involvement; 4) receipt of allogeneic organ transplant and allogeneic hematopoietic stem cell transplant, or receipt of ASCT within 90 days of first penpulimab dose; 5) receipt of prednisone (>10 mg/day or equivalent) or immune modulators for at least 2 weeks prior to the start of penpulimab therapy; 6) receipt of concurrent chemotherapy, immunotherapy, biological therapy or hormone therapy; 7) receipt of any anti-programmed death 1 (PD-1), anti-PD-1 ligands 1 (PD-L1) or anti-cytotoxic T-lymphocyte antigen 4 (CTLA4) antibodies, or any other antibody or drug targeting T-cell costimulation or checkpoint pathways; 8) known allergy to penpulimab or its excipient, or antibodies of murine or human origin. We also excluded pregnant or lactating women. Detailed eligibility requirements are described in Supplementary Methods.

The study protocol was approved by the ethics committee of all participating institutions and conducted in accordance with GCP and the Declaration of Helsinki. The trial is registered with clinicaltrials.gov (NCT03722147).



Therapeutic Intervention

The study had an 8-week safety run-in period (Part A). Three patients were infused with 200 mg penpulimab once every 2 weeks and assessed for dose-limiting toxicities (DLTs) 28 days after receipt of the first penpulimab infusion. DLTs were graded and recorded according to NCI CTCAE version 4.03 and defined as any grade 3 or above treatment-emergent toxicities. If DLTs occurred in no more than one patient during the first 28-day treatment cycle, 3 additional patients were infused with 200 mg penpulimab once every 2 weeks and assessed for DLTs. If DLTs occurred in no more than one patient among the 6 evaluable patients during the safety run-in evaluation, patients started to receive 200 mg penpulimab (infusion over 60 min) once every 2 weeks for a maximum of 24 months (Part B). Penpulimab was administered until disease progression, unacceptable toxicities, withdrawal of consent, or investigator decision per protocol, for a maximum of 24 months. At the initial PD, penpulimab was continued until confirmation of PD per Lugano 2014 criteria, absence of continuous clinical benefit judged by the investigator. Other types of anti-tumor therapy were not allowed until PD was confirmed. Supportive care was provided at the discretion of the investigators. Patients with PD on initial evaluation were allowed to continue treatment if cHL did not rapidly progress, and the patients were judged to continue to benefit from and could tolerate penpulimab therapy and had stable ECOG performance status scores, and penpulimab therapy did not interfere with treatment of severe complications such as CNS metastasis.



Patient Evaluation

Patient demographics including age, gender, and ethnicity, previous history including history of cancer and cancer treatment were recorded. Responses were evaluated by an independent radiology review committee (IRRC) per the 2014 Lugano classification based on contrast-enhanced computed tomography (CT) or fluorodeoxyglucose positron emission tomography (PET)-CT scans. Contrast-enhanced CT scans were conducted at baseline and weeks 8, 16, and 24 for the first 24 weeks and every 12 weeks thereafter and every 16 weeks after week 48 until initiation of new antitumor therapy, PD, death, or withdrawal of consent. PET-CT was conducted at baseline and weeks 8, 16, and 24, and when CR or PD was determined by CT.

The patients were followed up every three months upon completion of the final penpulimab dose. Survival was evaluated every three months. The primary efficacy outcome was ORR per the 2014 Lugano classification, which was the proportion of patients whose BOR was CR or PR. Secondary efficacy outcomes included duration of response (DoR), disease control rate (DCR), PFS, and time to tumor response (TTR).



Safety Evaluation

Physical examinations including vital signs and ECOG performance status, routine blood chemistries and hematological tests, thyroid function tests for thyroid-stimulating hormone (TSH), free and total T3 and T4, and urinary tests were done on days 1 and 15 of each cycle. Urinary hCG test was done at baseline and when clinically indicated in women of reproductive age. In addition, ECG was obtained at baseline and every 2 cycles, and ultrasonography was done when clinically indicated. AEs were graded and recorded according to NCI CTCAE version 4.03 and coded using MedDRA 22.0. AEs included treatment-emergent AEs (TEAEs), TRAEs and irAEs.



Statistical Analysis

Assuming an ORR of 35% using the null hypothesis and that the ORR would reach 55% after penpulimab treatment (α=0.05, two-sided), a sample size of 70 was required to detect a difference of 20% with a power of 92%. Considering dropout and exclusions as a result of the central pathology review, a sample size of 80 patients was used for the study. Part A enrolled 6 patients and Part B enrolled 74 patients. Efficacy outcomes were examined in the full analysis set (FAS) that included patients (1) who had received at least one dose of penpulimab, (2) who had a diagnosis of cHL confirmed by the central pathology review panel, and (3) who met the definition of R/R cHL (see details in Patients). ORR and DCR and their 95% confidence interval (CI) were estimated using the Clopper Pearson method. Exploratory analyses of the heterogeneity of treatment effects among subgroups were performed. ORR and its 95% CI were presented graphically using forest plots.

AEs were calculated based on patients who had received at least one dose of penpulimab.

All statistical analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).




Results


Patient Demographic and Baseline Characteristics

Between August 13, 2018, and November 8, 2019, the trial enrolled 94 patients from 23 study sites (Appendix I). The FAS included 85 patients (Supplementary Figure 1), and excluded 3 patients whose pathology was not centrally confirmed and 6 patients whose disease did not meet the definition of R/R cHL per China’s National Medical Products Administration. Patient demographic and baseline variables are described in Table 1. The median age was 31.9 years (range 18-67) and 61.2% patients were male. Fifty-eight (68.2%) patients had nodular sclerosing cHL and 37.6% had B symptoms. Seventy-one (83.5%) patients had stage III or IV cHL and 24.7% patients had bone marrow infiltration. The median duration from the initial diagnosis to the first penpulimab dose was 24.2 months. All patients had received prior chemotherapy with a median of 3 prior lines of chemotherapy (range 2-11), and 52.9% patients had received ≥3 lines of chemotherapy. Of note, 40 patients received 2 prior lines of chemotherapy and their characteristics are shown in Supplementary Table 1. In addition, 16.5% patients had received ASCT, and 48.2% patients had received prior radiotherapy. No patients received brentuximab vedotin.


Table 1 | Patient demographic and baseline characteristics.





Efficacy Measures

The median duration of follow-up was 15.8 months (range 12.1-26.9). Based on the review by the IRRC, 40 (47.1%) patients achieved CR, 36 (42.4%) patients achieved PR, and 6 (7.1%) patients had SD. The ORR was 89.4% (95% CI 80.8%, 95.0%), and the DCR was 96.5% (95% CI 90.0%, 99.3%). At the last follow-up, 73.7% patients remained in remission. The median TTR was 1.8 months (range 1.4, 6.9). DoR lasted for 12 months in 74.9% (95% CI: 62.4%, 83.8%) patients and the median DoR was not yet reached (Table 2). The duration of treatment and TTR of individual patients as well as other details including time to first CR, PR, or PD are shown in the swimmer plot (Figure 1). The 6 and 12-month PFS rate was 88.2% (95% CI: 79.2%, 93.5%) and 72.1% (95% CI 60.5%, 80.8%), respectively. The median PFS was not reached (Figure 2A). The median OS was also not reached, and the 18-month OS rate was 100% (Figure 2B).


Table 2 | Best objective response by the 2014 Lugano classification based on IRC evaluation of the full analysis set (FAS; n=85).






Figure 1 | Swimmer plot of time to tumor response (months) of relapsed/refractory classical Hodgkin lymphoma patients receiving penpulimab. Responses were evaluated by the Independent Radiology Review Committee (IRRC) according to the 2014 Lugano classification. Each bar represents one patient in the full analysis set (FAS). CR, complete response; NA, not applicable; PD, progressive disease; PR, partial response; SD, stable disease.






Figure 2 | (A) The Kaplan-Meier curve of progression-free survival (PFS) of the FAS. (B) The Kaplan-Meier curve of overall survival (OS) of the FAS.



The subgroup analysis showed no significant difference in the ORR between any subgroups based on age (≤65 or >65 years), sex, ECOG performance status score (0 or 1), B symptoms, previous lines of therapy (<3 or ≥3), time from initial diagnosis to the first dose (<1 or ≥1 years), previous radiotherapy and prior ASCT (Figure 3).




Figure 3 | Forest plot analysis of objective response rate (ORR) by patient subgroups.





Safety


TRAEs

The median total exposure time was 449 days (range 55, 753) and 96.8%, 91.5%, and 76.6% patients had total exposure time ≥3, 6, and 12 months, respectively. The median number of penpulimab infusions was 28.0 (IQR 21.0, 33.0) (Supplementary Table 2). Sixty (63.8%) patients in 94 eligible patients were still receiving penpulimab therapy at the cut-off date.

TEAEs and TRAEs (including unlikely related) with an incidence ≥10% and CTCAE grade 3 and above TEAEs and TRAEs are shown in Table 3. Ninety-two (97.9%) patients experienced at least one TRAE. TRAEs with an incidence ≥ 20% included hypothyroidism (31.9%), upper respiratory tract infection (25.5%), and fever (24.5%). The incidence of CTCAE grade 3 and above TRAEs was 26.6%, including reduced platelet count, hyperlipidemia, and skin rash each in 3 (3.2%) patients, and reduced neutrophil count in 2 (2.1%) patients. Serious adverse events (SAEs) were reported in twelve (12.8%) patients. Ten (10.6%) patients developed severe TRAEs. Penpulimab was interrupted in 21.3% of patients due to TRAEs, including leucopenia and hypothyroidism each in 2 (2.1%) patients. Penpulimab was discontinued in 5 (5.3%) patients, one due to hemophagocytic lymphohistiocytosis and the remaining four due to irAEs (see below for details). One patient died from hemophagocytic lymphohistiocytosis.


Table 3 | TEAEs and TRAEs (with an incidence ≥10%) and CTCAE grade 3 and above TEAEs and TRAEs in the safety set (n=95).





IrAEs

Fifty-one (54.3%) patients experienced an irAE, but only 4 (4.3%) patients developed grade 3 and above irAEs (Supplementary Table 3). The three most frequent irAEs included hypothyroidism (28.7%), TSH elevations (10.6%), and hyperthyroidism (6.4%). When thyroid-related AEs were excluded, the incidence of irAEs was 17.0%. Grade 3 irAEs occurred in 4 (4.3%) patients, including kidney injury, immune pneumonitis, rash, and psoriasis each in 1 (1.1%) case. No grade 4 or 5 irAEs were reported. Three (3.2%) patients developed severe irAEs and 8 (8.5%) patients experienced treatment-interruptions due to irAEs. Four (4.3%) patients discontinued treatment due to immune-related pneumonitis (n=2), mesangial proliferative glomerulonephritis (n=1) and IgA nephropathy (n=1). No death due to irAE was reported.





Discussion

In this single arm phase II trial, R/R cHL patients were treated with penpulimab (200 mg Q2W). The dosing regimen was mainly based on the results of an earlier phase Ia study (AK105-101) showing that penpulimab at a dose of 3 mg/kg body weight could saturate peripheral PD-1 rapidly (within 24 h) and maintain an occupancy rate above 90% for PD-1 at day 15 (before the second dose). Based on the safety and pharmacokinetics (PK) data of the phase I study, a dose of 200 mg penpulimab (equivalent to 3.3 mg/kg body weight in a person with a body weight of 60 kg) was recommended for the phase II trial.

In this trial, the ORR with penpulimab was 89.4%. The rate of CR and PR was 47.1% and 42.4%, respectively. Approximately three quarters (73.7%) of the patients remained in remission after a median follow-up of 15.8 months. The 12-month PFS rate was 72.1% and the 18-month OS rate was 100%. The treatment benefit was seen across all patient subgroups including previous lines of therapy (<3 or ≥3) and ASCT (yes or no). When compared with historical controls, this study showed that penpulimab as a single agent is more effective than traditional chemotherapies in the third line and above setting (22, 23). Moreover, penpulimab exhibited a safety profile and efficacy comparable to or better than those of other PD-1 antibodies (8, 10, 12, 24). The incidence of grade 3 and above irAEs was low (4.3%) and no death due to irAEs occurred. There was also a lower incidence of SAEs (12.8%) than previous reports (15% - 26%) (6, 10, 12, 25). Though one patient died of hemophagocytic lymphohistiocytosis, the death was deemed unlikely to be related to penpulimab treatment by the investigator. Secondary lung infection or recurrence of lymphoma was more likely the cause of death. The rate of transfusion reaction (11.7%) and fever (24.5%) was lower with penpulimab versus other anti-PD-1 monoclonal bodies for Chinese R/R cHL patients (tislelizumab: 38.6% and 54.3%; sintilimab: 12% and 46%; camrelizumab: 16.0% and 44.0%) (8, 10, 12). In addition, a study summarizing the safety data of penpulimab from 6 clinical studies involving a total of 465 patients with solid tumors and lymphoma revealed that penpulimab had good safety and tolerability. Specifically, the incidence of irAEs was 27.1% and that of CTCAE grade 3 irAEs was 3.2%, which were immune-related hepatitis (0.6%), immune-related skin adverse reaction (1.3%), immune-related pneumonitis (0.6%), immune-related hypophysitis (0.4%), and immune-related nephritis [kidney injury (IgA nephropathy)], 0.2%. No CTCAE grade 4 or 5 irAEs were reported (manuscript under preparation).

The mechanisms underlying the development of irAEs are not fully clarified and one possible reason is the production of cytokines such as IL-6 and TNF-α induced through Fc-binding (16–18). Fc mutation was introduced into penpulimab, which effectively eliminated FcR-mediated effector function and remarkably abated inflammatory cytokine release from both non-activated and activated PBMCs, hinting at a benign safety profile in terms of irAE occurrences. Meanwhile, elimination of FcR-mediated effector function could avoid ADCC, CDC and ADCP-mediated T cell injury, which is conducive to the enhancement of the efficacy of anti-PD-1 monoclonal antibodies (19).

The better efficacy and safety profile of penpulimab could also be attributed to its IgG1 antibody subtype, which has a stable structure and avoids tumor cell immune escape as observed with IgG4 antibodies. Recent studies have found that IgG4 plays a crucial role in coordinating an inhibitory effect of humoral and cellular immune responses against cancer (26). IgG4 antibody has unique structural features that make it possible to bind to other IgGs, in particular IgG1, via Fc-Fc interactions (27). IgG4, regardless of its antigen specificity, inhibits the classic immune reactions of cancer-specific IgG1 against cancer cells in vitro. It was also found that anti-PD-1 antibody of IgG4 subtype significantly promoted cancer growth in mice (14).

This trial has several limitations. First, this is a single-arm trial and OS was not used as the primary outcome. In addition, the duration of follow-up was short (median, 15.8 months). These findings need to be validated in randomized controlled studies with long term follow-up. Second, no subjects had received prior therapy with brentuximab vedotin as the drug had not been approved for CD30-positive lymphoma in China at the time of this trial. Another limitation of this study is that only 16.5% patients had received ASCT, which is in line with the low rate of ASCT in cHL patients across China and comparable to the rate of ASCT for tislelizumab (18.6%), sintilimab (19%), and camrelizumab (12%) (8, 10, 12).

Currently, monotherapy with brentuximab vedotin or anti-PD-1 monoclonal antibodies remain the predominant treatment for R/R cHL. Brentuximab vedotin was not yet approved in China at the time of this trial. There was also no data on pembrolizumab and nivolumab or any other anti-PD-1 monoclonal antibodies for Chinese cHL patients and clinical access to these agents remained extremely limited. The current findings are of clinical relevance in China and resource-constrained countries. Earlier studies have shown that anti-PD-1 monoclonal antibody monotherapy has noticeable efficacy in R/R cHL patients who have failed multiple lines of chemotherapy, which prompted us to pursue a single arm design for the current trial, with ORR being the primary efficacy measure. One feature of immunotherapy is the remarkable durability of remission once it has been achieved. We will report the longer term results of penpulimab treatment for R/R cHL when they become available, which will shed further light on the efficacy and safety of penpulimab in this patient population. Meanwhile, we are conducting confirmatory phase III trials to validate the findings of the current study. In conclusion, the novel anti-PD-1 antibody penpulimab achieved a high ORR, long survival with an acceptable safety profile in this trial, providing an important efficacious and safe treatment option for Chinese R/R cHL patients.
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