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Background

Copanlisib is an intravenously administered pan-class I PI3K inhibitor that has been demonstrated to have appreciable effects in the treatment of patients with lymphoma. The purpose of this meta-analysis was to evaluate the efficacy and safety of copanlisib for treating patients with relapsed/refractory (R/R) B-cell non-Hodgkin lymphoma (B-NHL).



Methods

PubMed, Web of Science, EMBASE, and the Cochrane Central Register of Controlled Trials were searched for relevant studies published prior to July 2022. The efficacy evaluation included complete response rate (CR), partial response rate (PR), rate of stable disease (SDR), overall response rate (ORR), disease control rate (DCR), rate of progressive disease (PDR), median progression-free survival (PFS), and median overall survival (OS). Any grade adverse events (AEs) and grade ≥3 AEs were synthesized to assess its safety.



Results

Eight studies with a total of 652 patients with R/R B-NHL were identified. The pooled CR, PR, ORR, SDR, DCR, and PDR from all 8 articles were 13%, 40%, 57%, 19%, 86%, and 9%, respectively. The CR and ORR of combination therapy with rituximab were higher than those with copanlisib monotherapy for R/R B-NHL (34% vs. 6%, p<0.01; 89% vs. 42%, p<0.01). For patients with R/R indolent B-NHL, CR and ORR were lower with copanlisib monotherapy than with combination therapy with rituximab (7% vs. 34%, p<0.01; 58% vs. 92%, p<0.01). In R/R B-NHL patients receiving copanlisib monotherapy and combination therapy with rituximab, the risk of any grade AEs was 99% and 96%, respectively, and the risk of grade ≥3 AEs was 84% and 91%, respectively. The common any grade AEs included hyperglycemia (66.75%), hypertension (48.57%), diarrhea (35.06%), nausea (34.98%) and fatigue (30.33%). The common grade ≥3 AEs included hyperglycemia (45.14%), hypertension (35.07%), and neutropenia (14.75%). The comparison of AEs between the copanlisib monotherapy and the combination therapy with rituximab showed that hyperglycemia of any grade (p<0.0001), hypertension of any grade (p=0.0368), fatigue of any grade (p<0.0001), grade ≥3 hypertension (p<0.0001) and grade ≥3 hyperglycemia (p=0.0074) were significantly different between the two groups.



Conclusion

Our meta-analysis demonstrated that the efficacy of both copanlisib monotherapy and combination therapy with rituximab in patients with R/R B-NHL was satisfactory, while treatment-related AEs were tolerable. Compared with copanlisib monotherapy, combination therapy with rituximab showed superior efficacy for treating R/R B-NHL, and its safety was manageable.



Systematic Review Registration
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Introduction

B-cell non-Hodgkin lymphoma (B-NHL) is a large group of lymphomas that can be divided into indolent B-NHL and aggressive B-NHL. A survey found that the incidence of both indolent and aggressive B-NHLs has increased in recent years (1). Patients with indolent B-NHL are generally considered incurable, often recur repeatedly, receive multiple lines of antitumor therapy and are prone to drug resistance (2). Approximately 25%-30% of patients with aggressive B-NHL have a poor reaction to first-line therapy or relapse (3). Diffuse large B-cell lymphoma is a common aggressive B-NHL, accounting for approximately 30%-58% of NHL cases (4). A large-scale cohort study showed that 2778 patients with refractory diffuse large B-cell lymphoma had a median overall survival (OS) of 5.9 months and a 2‐year OS rate of 16% (5).

Treatment of B-NHL mainly includes alkylating agents, combination chemotherapy, chemoimmunotherapy, high-dose chemotherapy + autologous/allogeneic stem cell transplantation, radiotherapy, chimeric antigen receptor T-cell therapy, and so on (6, 7). However, less than half of patients with relapsed/refractory (R/R) indolent B-NHL were responsive to subsequent treatment (8, 9). No standard treatment has been developed for patients with R/R aggressive B-NHL. Currently, high-dose salvage chemotherapy or bone marrow transplantation are often used, but the overall effect is not satisfactory (10). The management of patients with R/R B-NHL has become a major difficulty for hematologists. Therefore, it is necessary to develop more effective drugs for treating patients with R/R B-NHL.

The B-cell receptor (BCR) signaling pathway accounts for much of the development of B-cell lymphoma. In the BCR pathway, phosphatidylinositol 3-kinase (PI3K) and Bruton tyrosine kinase play significant roles (11). PI3K is a key downstream effector of the BCR (12). Since PI3K is important in carcinogenesis, it has become one of the potential targets for lymphoma treatment. PI3K is classified into three types (I, II, III) based on their distinctive substrates and structures. Class I PI3K is a heterodimer formed from class IA and class IB PI3K, both of which consist of catalytic subunits (p110 or p110γ) and regulatory subunits (p85 or p101) (13). Class II PI3K comprises only one catalytic subunit, including three isoforms: PI3K–C2α, PI3K–C2β, and PI3K–C2γ (14). Class III PI3K is only formed from Vps34p. Of the three classes of PI3Ks, class I is most closely associated with tumorigenesis and progression (12, 15).

Class I PI3K includes four isoforms, namely, PI3Kα, PI3Kβ, PI3Kγ, and PI3Kδ. PI3kα and PI3Kβ generally exist in various kinds of cells, whereas PI3Kγ and PI3Kδ are mainly expressed in the hemopoietic system (16). PI3K inhibitors can be classified into pan-PI3K inhibitors, isoform-specific inhibitors, and dual PI3K/mTOR inhibitors according to their different selectivity. Pan-PI3K inhibitors are effective against all four isoforms of class I PI3K, such as buparlisib, which has not been approved for treating lymphoma by the Food and Drug Administration (FDA) (17). Isoform-specific inhibitors are selective for a specific isoform of PI3K, and they can be separated into selective PI3Kα inhibitors, selective PI3Kβ inhibitors, selective PI3Kγ inhibitors, and selective PI3Kδ inhibitors. Dual PI3K/mTOR inhibitors can also specifically bind to a domain of mTOR, so they can simultaneously inhibit mTOR. To date, dual PI3K/mTOR inhibitors have not been approved for cancer treatment, but clinical trials are underway (18). Currently, the only oral PI3K inhibitors approved by the FDA for the treatment of lymphoma are idelalisib (PI3Kδ inhibitor) and duvelisib (PI3Kδ and PI3Kγ inhibitor) (19, 20). However, these two oral drugs have serious safety problems in clinical application, such as severe intestinal adverse events (AEs) and infections (21). Therefore, the FDA also gives a corresponding warning statement in the drug label.

Copanlisib is a pan-class I PI3K inhibitor that is highly selective for PI3Kα and PI3Kδ isoforms (22). It is administered intravenously. The CHRONOS-1 (a large multicenter phase 2 clinical trial) study showed a considerable overall response rate (ORR, 60.6%), progression-free survival (PFS), and OS with copanlisib for R/R indolent lymphoma, as well as satisfactory safety (23). Based on the results of CHRONOS-1, the FDA rapidly approved copanlisib for treating relapsed follicular lymphoma in 2017. Most B-NHLs express the CD20 antigen, so rituximab is one of the standard options for treatment. However, due to the drug resistance of patients with R/R B-NHL and the poor efficacy of monotherapy, researchers have been exploring combination regimens. A randomized double-blind phase 3 trial (CHRONOS-3) indicated that the ORR (81% vs. 48%) and median PFS (21.5 months vs. 13.8 months) in the copanlisib plus rituximab group were significantly higher than those in the placebo plus rituximab group (24).

At present, various researchers have been exploring the curative effect of copanlisib-containing regimens in patients with B-NHL. Therefore, this meta-analysis was performed to comprehensively evaluate the efficacy and safety of monotherapy or combination therapy with rituximab for patients with R/R B-NHL to provide a basis for clinical practice.



Methods


Search strategy

Original studies that described the efficacy or safety of copanlisib monotherapy or combination therapy, including copanlisib plus rituximab, for treating B-NHL were systematically searched for in the PubMed, Web of Science, EMBASE, and Cochrane Central Register of Controlled Trials. The search terms were combined as follows: “Copanlisib OR Aliqopa OR BAY80-6946” AND “lymphoma”. The search included only articles published before July 2022 and had no language restrictions. This meta-analysis followed the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines.



Inclusion and exclusion criteria

We followed the following inclusion criteria to screen the literature: 1) prospective clinical trials at any stage; 2) studies including patients diagnosed with R/R B-NHL; 3) articles studying copanlisib monotherapy or combination therapy with rituximab; and 4) clinical trials reporting any data involving their efficacy or safety.

The exclusion criteria were as follows: 1) no available data of efficacy or safety; 2) reviews, case reports, news, editorials, meta-analyses, and meeting/conference abstracts.



Data extraction and quality assessment

Two authors (JW and HZ) independently screened the literature and collected the data, and any difference was settled by the third author. The extracted data were sorted into a designed spreadsheet that mainly included the first author, ClinicalTrials.gov number, phase, study design, number of patients, disease, ages, treatment, prior lines of anticancer therapy, any grade AEs, grade ≥3 AEs, complete response rate (CR), partial response rate (PR), rate of stable disease (SDR), ORR, disease control rate (DCR), rate of progressive disease (PDR), median PFS, and median OS. These terms are defined in the Supplementary material. For all enrolled studies, we only extracted information about copanlisib monotherapy or combination therapy with rituximab, for treating B-NHL. For the included randomized controlled trials (RCTs), the quality was estimated by the Cochrane Collaboration Risk of Bias Tool (25). The methodological index for nonrandomized studies (MINORS) was utilized to assess the quality of the non-RCTs (26).



Statistical analysis

Statistical analysis of the data was performed using R 4.1.1 software. The I² statistic test was applied to appraise the heterogeneity among studies. The value of the I² statistic is 0 to 100%. I²<25% indicates mild heterogeneity, I² 25–50% means moderate heterogeneity, and I2>50% manifests obvious heterogeneity. A fixed-effects model was employed if the I2 statistic was low (I2 ≤ 50%), while a random-effects model was utilized with I2>50%. Subgroup analysis (copanlisib vs. including copanlisib plus rituximab; R/R indolent B-NHL vs. R/R aggressive B-NHL) was employed to address any heterogeneity.




Results


Study characteristics

A total of 741 records were retrieved from PubMed (n=68), Web of Science (n=125), EMBASE (n=463), and the Cochrane Central Register of Controlled Trials (n=85). After removing 242 duplicate studies and 486 articles for various reasons, we read the full text of 13 articles. Finally, eight qualified studies were included in the meta-analysis (23, 24, 27–32). Figure 1 shows the complete screening process. All eight articles were prospective clinical trials, including three phase I trials, three phase II trials, and two phase III trials. The included studies were published from 2016 to 2022. The features of all of the eligible studies are shown in Table 1. Altogether, 652 patients with R/R B-NHL were included, of whom 516 had R/R indolent B-NHL, 127 had R/R aggressive B-NHL, and the remaining nine were unable to distinguish between indolent and aggressive B-NHL. The median age of all patients ranged from 60 to 72 years.




Figure 1 | The flow chart.




Table 1 | The characteristics of included studies.



In the eight articles, patients received copanlisib monotherapy in six trials and combination therapy including copanlisib plus rituximab in the remaining 2 trials (copanlisib + rituximab, copanlisib + rituximab + bendamustine, copanlisib + rituximab + cyclophosphamide/doxorubicin/vincristine/prednisone). The participants had received 1 to 13 prior lines of anticancer therapy. Seven of the included studies reported complete information on efficacy (CR, PR, SDR, ORR, DCR, and PDR), and six trials showed full information on safety. Supplementary Table S1 shows information on the dose of copanlisib, frequency of administration, median duration of treatment, follow-up time, and modification of doses (reduction or interruption, or delay) or discontinuation due to AEs in the included studies. The doses of copanlisib in all studies included 45 mg, 60 mg, 0.4 mg/kg, and 0.8 mg/kg, and the frequency of copanlisib intravenous infusion was Days 1, 8, and 15 (28 days per cycle). The median duration of treatment ranged from 6 to 33.2 weeks. The rates of discontinuation of treatment due to AEs ranged from 15.4% to 31.3%.



Efficacy

We synthesized CR, PR, ORR, SDR, DCR, and PDR to assess the efficacy of copanlisib monotherapy or its combination with rituximab for patients with all R/R B-NHL. All enrolled studies reported CR, PR, and ORR for patients treated with copanlisib-containing regimens. The pooled CR, PR and ORR were 13% (95% CI: 4%-23%), 40% (95% CI: 32%-50%), and 57% (95% CI: 46%-71%), respectively. For copanlisib monotherapy, the pooled CR and ORR were 6% (95% CI: 1%-12%) and 42% (95% CI: 30%-59%), respectively. For combination therapy, including copanlisib plus rituximab, the pooled CR and ORR were 34% (95% CI: 29%-39%) and 89% (95% CI: 77%-100%), respectively. The above subgroup analysis suggested that the CR and ORR of combination therapy, including copanlisib plus rituximab, were higher than those of copanlisib monotherapy for R/R B-NHL (34% vs. 6%, p<0.01; 89% vs. 42%, p<0.01) (Figure 2). There was no significant difference in PR between copanlisib monotherapy and combination therapy, including copanlisib plus rituximab (Supplementary Figure S1). The SDR, DCR and PDR were shown in seven articles, which were 19% (95% CI: 10%-29%), 86% (95% CI: 78%-94%), and 9% (95% CI: 3%-14%), respectively. However, the copanlisib monotherapy subgroup displayed a higher SDR and PDR than the combination therapy subgroup, including copanlisib plus rituximab (25% vs. 9%, p<0.01; 16% vs. 2%, p=0.02) (Figure 2). No significant difference occurred for DCR between copanlisib monotherapy and combination therapy, including copanlisib plus rituximab (Supplementary Figure S1).




Figure 2 | The pooled CR (A) and ORR (B) in patients with R/R B-NHL receiving copanlisib monotherapy were significantly higher than those receiving combination therapy, including copanlisib plus rituximab, while results for pooled SDR (C) and PDR (D) were reversed between the two groups.



For patients with R/R indolent B-NHL, six studies reported all efficacy data (CR, PR, ORR, SDR, DCR, and PDR) with copanlisib monotherapy or copanlisib plus rituximab. The pooled CR, PR, ORR, SDR, DCR and PDR were 18% (95% CI: 7%-33%), 44% (95% CI: 40%-49%), 74% (95% CI: 58%-88%), 21% (95% CI: 9%-33%), 91% (95% CI: 88%-93%), and 2% (95% CI: 1%-3%), respectively. Subgroup analysis of CR and ORR showed that both CR and ORR were lower in patients with R/R indolent B-NHL receiving copanlisib monotherapy than in those receiving combination therapy, including copanlisib plus rituximab (7% vs. 34%, p<0.01; 58% vs. 92%, p<0.01) (Figure 3). The SDR in the copanlisib monotherapy subgroup was higher than that in the combination therapy subgroup, including copanlisib plus rituximab (32% vs. 11%, p<0.01) (Figure 3). The difference in PR, DCR, and PDR between copanlisib monotherapy and combination therapy, including copanlisib plus rituximab, was not statistically significant (Supplementary Figure S2).




Figure 3 | The pooled CR (A) and ORR (B) in patients with R/R indolent B-NHL receiving copanlisib monotherapy were significantly lower than those receiving combination therapy, including copanlisib plus rituximab, while result for pooled SDR (C) was reversed between the two groups.



For patients receiving copanlisib monotherapy, six trials included patients with R/R indolent B-NHL or R/R aggressive B-NHL, and all reported CR, PR, and ORR. The pooled CR, PR, and ORR were 6% (95% CI: 0-12%), 30% (95% CI: 16%-44%), and 38% (95% CI: 21%-56%), respectively. The subgroup analysis showed that patients with R/R indolent B-NHL treated with copanlisib monotherapy had higher PR and ORR than patients with R/R aggressive B-NHL (43% vs. 15%, p<0.01; 58% vs. 22%, p<0.01) (Figure 4). No significant difference existed in CR between the R/R indolent B-NHL subgroup and the R/R aggressive B-NHL subgroup (Supplementary Figure S3). Five studies displayed SDR, DCR, and PDR. The pooled SDR, DCR and PDR were 29% (95% CI: 20%-38%), 79% (95% CI: 51%-97%), and 15% (95% CI: 3%-28%), respectively. In the R/R indolent B-NHL subgroup, the SDR and DCR were higher than those in the R/R aggressive B-NHL subgroup (36% vs. 20%, p=0.03; 93% vs. 43%, p<0.01) (Figure 4), while the PDR was lower than that in the R/R aggressive B-NHL subgroup (2% vs. 40%, p<0.01) (Figure 4).




Figure 4 | The pooled PR (A), ORR (B), SDR (C), and DCR (D) in patients with R/R indolent B-NHL receiving copanlisib monotherapy were significantly higher than those in patients with R/R aggressive B-NHL receiving copanlisib monotherapy, while result for pooled PDR (E) was reversed between the two groups.



Of all included studies, only four described the survival outcomes, of which three reported median PFS and OS with copanlisib monotherapy and one showed median PFS with combination therapy, including copanlisib plus rituximab. The best survival outcomes with copanlisib monotherapy for patients with R/R B-NHL were a median PFS of 12.5 months and a median OS of 42.6 months (Table 1). Due to incomplete data, the survival outcomes were not further synthesized.



Safety

Of all studies, seven studies reported any grade AEs, and six articles described grade ≥3 AEs. In patients with R/R B-NHL who were treated with copanlisib monotherapy, the pooled risks of any grade and grade ≥3 AEs were 99% (95% CI: 97%-100%) and 84% (95% CI: 79%-89%), respectively (Figure 5). Patients with R/R B-NHL receiving combination therapy, including copanlisib plus rituximab, had a 96% (95% CI: 94%-98%) risk of any grade AEs and a 91% (95% CI: 88%-94%) risk of grade ≥3 AEs (Figure 5). For all patients with R/R B-NHL, the difference in any grade AEs was not statistically significant between copanlisib monotherapy and combination therapy, including copanlisib plus rituximab (99% vs. 96%, p=0.05; Figure 5). However, the pooled risk of grade ≥3 AEs for the combination therapy, including copanlisib plus rituximab, was significantly higher than that for copanlisib monotherapy (91% vs. 84%, p=0.01; Figure 5).




Figure 5 | The pooled risk of any grade (A) and grade ≥3 (B) AEs in patients with R/R B-NHL receiving copanlisib monotherapy or combination therapy with rituximab.



For all R/R B-NHL patients treated with copanlisib monotherapy or in combination with rituximab, the common any grade AEs included hyperglycemia (66.75%), hypertension (48.57%), diarrhea (35.06%), nausea (34.98%) and fatigue (30.33%) (Table 2). The common grade ≥3 AEs included hyperglycemia (45.14%), hypertension (35.07%), neutropenia (14.75%), pneumonia (7.03%), and diarrhea (5.09%) (Table 2). For all R/R B-NHL patients treated with copanlisib monotherapy, the common any grade toxicities were hyperglycemia (63.69%), hypertension (49.69%), diarrhea (35.94%), nausea (35.8%) and fatigue (32.76%). Hyperglycemia (37.61%), hypertension (27.57%), and neutropenia (18.01%) were the common grade ≥3 AEs in copanlisib monotherapy. For all R/R B-NHL patients treated with copanlisib plus rituximab, the common any grade toxicities included hyperglycemia (69.93%), hypertension (47.89%), nausea (40.53%), and decreased platelet count (38.87%), and the common grade ≥3 AEs included hyperglycemia (56.41%), hypertension (39.34%), and neutropenia (9.36%). Other AEs in patients with R/R B-NHL receiving copanlisib monotherapy or combination therapy with rituximab are listed in Supplementary Table S2.


Table 2 | The incidence of adverse events in any grade or grade ≥3 for patients with R/R B-NHL.



For all R/R B-NHL patients, the comparison of AEs between the copanlisib monotherapy group and the combination therapy, including copanlisib plus rituximab group, suggested that significant differences existed in any grade of hyperglycemia (63.69% vs. 69.93%, p<0.0001), hypertension (49.69% vs. 47.89%, p=0.0368) and fatigue (32.76% vs. 28.28%, p<0.0001) between the two groups, and significant differences were shown in grade ≥3 hypertension (37.61% vs. 56.41%, p<0.0001) and hyperglycemia (27.57% vs. 39.34%, p=0.0074) between the two groups. The above results are shown in Table 2.



Study quality

Six of the studies were open-label, and two were double-blind. MINORS was applied to evaluate the quality of the six nonrandomized trials. The scores for each article ranged from 11 to 13 (Table 3). Meanwhile, the quality of the two RCTs was estimated by the Cochrane Collaboration’s Risk of Bias Tool. The quality assessment of the included RCTs was good (Figure 6). Therefore, the quality of the enrolled studies was not poor.


Table 3 | Quality assessment of the non-randomized studies.






Figure 6 | Quality assessment of the randomized studies.






Discussion

R/R B-NHL indicates a poor prognosis. Patients with R/R B-NHL have often received multiple lines of treatment and have poor responses to various treatment regimens. Therefore, there is an urgent need to find effective treatments for patients with R/R lymphoma. Copanlisib is active against all four isoforms; however, it has higher targeting of PI3Kα and PI3Kδ. We conducted a meta-analysis to evaluate the efficacy and safety of copanlisib monotherapy or combination therapy, including copanlisib plus rituximab, for patients with R/R B-NHL.

Our analysis showed that among patients receiving monotherapy, the pooled ORRs of patients with R/R B-NHL, R/R indolent B-NHL and R/R aggressive B-NHL were 42%, 58%, and 22%, respectively. The results indicated that copanlisib had promising efficacy in patients with R/R B-NHL who failed to respond to previous antitumor therapy. The number of lines of previous anticancer therapy the participant had received was from 1 to 13, mainly including rituximab, alkylating agents, high-dose chemotherapy/autologous stem cell transplant, radioimmunotherapy, and so on. The efficacy results of the patients with R/R B-NHL receiving copanlisib monotherapy were similar to the efficacy results of a meta-analysis that enrolled five clinical trials involving a total of 331 NHL patients receiving copanlisib, 174 of whom were indolent and 115 of whom were aggressive (33). In addition, similar ORRs have been reported for other PI3K inhibitors (duvelisib and idelalisib) approved for the treatment of lymphoma. Previous studies showed that the ORRs of patients with lymphoma receiving duvelisib were 47.3%-58.1% (34–36), and the ORRs of patients with lymphoma receiving idelalisib were 40%-57% (37–39).

PI3K is essential in the BCR signaling pathway. Dysregulation of PI3K is directly associated with the development of cancer, while abnormal activation of class I PI3K is related to acquired drug resistance (40). PI3Kδ is only expressed in hematopoietic cells and is usually expressed in B-cell malignancies (41). Copanlisib is highly selective for PI3Kα and PI3Kδ, so it can play a good role in treating B-NHL. In addition, the subgroup analysis revealed that copanlisib monotherapy had better efficacy in patients with R/R indolent B-NHL than in those with R/R aggressive B-NHL. Aggressive NHL is difficult to control once relapsed or refractory (10).

The results of subgroup analysis showed that combination therapy, including copanlisib plus rituximab, had a higher effect (CR and ORR) than copanlisib monotherapy for R/R B-NHL and R/R indolent B-NHL. At the same time, patients with R/R B-NHL receiving combination therapy had lower PDR. The above results suggest that combination therapy of copanlisib plus rituximab is a promising regimen for patients with R/R B-NHL. Rituximab, a CD20 monoclonal antibody, is often the first-choice treatment for patients with B-NHL and is one of the standard options for patients with R/R B-NHL (42). PI3K plays a part in the development of B-cell lymphoma. A few previous studies have investigated the efficacy of other PI3K inhibitors in combination with rituximab for NHL. The results of a phase I study showed that the ORR of idelalisib plus rituximab in patients with R/R indolent NHL was 75% (43). Flinn IW et al. revealed that duvelisib plus rituximab had an ORR of 71.4% in patients with NHL (44). The ORR of the above studies seemed to be lower than that of our meta-analysis (89%). However, there are few relevant trials of copanlisib/idelalisib/duvelisib in combination with rituximab for patients with lymphoma. Meanwhile, there were only 2 studies on combination therapy included in our analysis, so more prospective clinical trials about combination therapy, including copanlisib plus rituximab, for lymphoma are needed.

Our meta-analysis suggested that the common any grade AEs included hyperglycemia, hypertension, diarrhea, nausea, and fatigue. The common grade ≥3 AEs included hyperglycemia, hypertension, neutropenia, pneumonia, and diarrhea. It is worth noting that the most common AEs, whether of any grade or grade ≥3, were hyperglycemia and hypertension. Hyperglycemia was also found to be a common AE in clinical trials of other PI3K inhibitors (45, 46). Alterations in PI3K signaling play a role in the development of noninsulin-dependent diabetes (47). Hyperglycemia induced by copanlisib may be related to the targeting of PI3Kα inhibition (23). Hyperglycemia often occurs during intravenous infusion of copanlisib and is often transient and controllable. In most patients, blood sugar levels can be normalized with fluid replacement (48). Before using copanlisib, it is recommended to screen the patient for diabetes, and if the patient is diagnosed with diabetes, they can receive copanlisib until their blood glucose is adequately controlled (49). If the blood sugar level of the patient is not effectively controlled, it is best to switch to other drugs that do not affect blood sugar.

In studies of other PI3K inhibitors, hypertension has been less frequently reported as an AE (48). The mechanism by which copanlisib causes hypertension is unclear, but it may be related to the interaction of PI3Kγ and angiotensin II (47). Hypertension often occurs during intravenous infusion and is usually transient and manageable. During an infusion of copanlisib, the patient’s blood pressure should be closely monitored. If the patient’s blood pressure continues to rise, antihypertensive drugs can be given appropriately, and the dose of copanlisib should be reduced or discontinued if necessary (50).

Diarrhea is also a common AE that is usually less than grade 3 and can be relieved by dietary or drug therapy (47). Nausea and fatigue were also mostly mild and could be alleviated with medication or rest. Compared with idelalisib and duvelisib, copanlisib exhibited less gastrointestinal toxicity, possibly related to its intermittent intravenous infusion (51). Hematological toxicities caused by copanlisib, including neutropenia, decreased platelet count, anemia, etc., may be related to the suppression of the bone marrow by copanlisib (50). Patients should have their blood monitored during the use of copanlisib, and severe hematological toxicities can be managed by reducing or discontinuing copanlisib. Pneumonia is a common infection induced by copanlisib. Patients using copanlisib should be closely monitored for symptoms and signs related to infection. For infections of grade 3 or higher, it is recommended to discontinue copanlisib treatment and actively take anti-infective treatment (50).

The risk of other AEs of special interest, including increased ALT/AST and rash, in patients with lymphoma using copanlisib was lower than that in patients with lymphoma using idelalisib or duvelisib (34, 35, 37, 39). This suggested that copanlisib may have superior safety for the liver and skin. With copanlisib, ALT and AST levels should be monitored closely. If ALT/AST exceeds 5 times the upper limit, copanlisib should be stopped temporarily, and a reduced dose of copanlisib should be restarted after the ALT/AST returns to normal. When severe liver toxicity occurs, copanlisib should be permanently discontinued (52). Patients with severe or grade ≥3 cutaneous reactions during the use of copanlisib should consult a dermatologist to evaluate their need for medication (47). The comparison of the incidence of AEs between copanlisib and other PI3K inhibitors (idelalisib and duvelisib) was shown in Supplementary Table S3.

Previous studies have revealed that patients with lymphoma receiving duvelisib have a 99%-100% risk of any grade AEs and an 88.4%-87% risk of grade ≥3 AEs (34, 53, 54). This was similar to our analysis of the risk of any grade (99%) and grade ≥3 (84%) AEs in patients with R/R B-NHL receiving copanlisib monotherapy. However, compared with our results, patients with lymphoma using idelalisib had a lower risk of any grade (82%-98.6%) and grade ≥3 (54%-65.3%) AEs (37, 38, 55). PI3kα and PI3Kβ are expressed in various kinds of cells, while PI3Kγ and PI3Kδ are mainly expressed in the hemopoietic system (16). The incidence of AEs with idelalisib was lower than that with copanlisib and duvelisib, which may be because idelalisib is an isoform-specific inhibitor and only has targeting activity for PI3Kδ.

In recent years, serious safety concerns about idelalisib and duvelisib have attracted significant attention. The FDA gave a black box warning for the AEs caused by these two drugs (56, 57). Idelalisib mainly leads to serious or fatal hepatotoxicity, diarrhea/colitis, pneumonitis, infections, and intestinal perforation, and duvelisib mostly causes serious or fatal diarrhea/colitis, cutaneous reactions, infections, and pneumonitis (49). Compared to the serious toxicities caused by idelalisib and duvelisib (21), copanlisib seems to have manageable safety.

This meta-analysis revealed that the risk of grade ≥3 AEs in combination therapy, including copanlisib plus rituximab, was higher than that in copanlisib monotherapy. The difference in grade ≥3 AEs between the two groups was mainly reflected in hyperglycemia and hypertension. However, these AEs, which were significantly different between the two groups, were manageable. Therefore, the AEs in patients with R/R B-NHL receiving either copanlisib monotherapy or combination therapy, including copanlisib plus rituximab, were tolerable.

Our study has several limitations. First, the number of articles included in our analysis was limited. Second, most of the involved clinical trials were single-arm trials. Third, the dose of copanlisib varied among the studies. All of the above may cause bias. Similarly, due to the inconsistent follow-up times and incomplete data among the articles, our meta-analysis did not conduct a synthetic analysis of the survival outcomes.

In conclusion, our meta-analysis demonstrated that the efficacy of both copanlisib monotherapy and combination therapy, including copanlisib plus rituximab, in patients with R/R B-NHL was satisfactory, while treatment-related AEs were tolerable. Compared with copanlisib monotherapy, combination therapy of copanlisib plus rituximab showed superior efficacy for treating R/R B-NHL, and its safety was manageable. Furthermore, this research revealed that copanlisib monotherapy had better efficacy for patients with R/R indolent B-NHL than for patients with R/R aggressive B-NHL. The efficacy and safety of copanlisib needs to be compared with other drugs for treating lymphoma and there is a need to explore the efficacy and safety of copanlisib-based combination therapy for patients with lymphoma further.
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Trials. gov design of (years), lines of grade 23 (%) (%) (%) (%) (%) (%) PFS(m) OS (m)
number patients medium therapy AEs  AEs
(range) (n) (n)
I Liuetal, 2022 NCT03498430 1 single-arm 13 RR 40 (30-64)  copanlisib 18 13 10 0 583% 5830% 416% 100% 0 - -
@) indolent
B-NHL
2 Lenzetal,  NCT02391116 Il single-arm 67 RR 69(25-93)  copanlisib 113 65 58 7.5% 119% 1940% 209% 40.30% 44.80% 18 74
2020 (28) aggressive
B-NHL
3 Dreylingetal, NCT01660451 1I single-arm 3 RR 665 (22~ copanlisib 1-10 33 63% 344% 4380% 455% 90.60% 3% 98 219
2017 (1) (29)  -part A indolent 90)
B-NHL
Dreyling et al., 34 RR - - 0 235% 2940% 17.6% 47.10% 3240%  — -
2017 (2) (29) aggressive
B-NHL
4 Dreyling etal, NCT01660451 11 single-arm 42 RR 63 (25-82)  copanl 29 140 18 169% 43.7% 60.60% 289% 89.40% 210% 125 426
2020 (23) -part B indolent
B-NHL
5 Paaiketal, NCT00962611 1 dose- 9 RRB- 72 (40-84) copanlisib 18 8 6 1L1% 667% 7780% 0 77.80% 2220%  — -
2016 (30) escalation NHL
6 Morschhauser NCT02155582 1 single-arm 26 RR 61 (38-80) ~ copanlisib - - —  38% 192% 2310% — - - - -
etal, 2020 aggressive
&) B-NHL
7 Matasaretal, NCT02367040 111 double- 307 RR 63 (54-70)  copanlisib - 293 280 33.9% 44.6% 81%  117%  89% 2% 25 -
2021a (24) blind, indolent +rituximab
randomised B-NHL
8  Matasaretal, NCT02626455 11l double- 10 RR 62 (41-82)  copanlisib+ 13 10 7 50%  40%  90%  10%  100% 0 - -
2021b (1) (32) blind, indolent +R-B
randomised B-NHL
Matasar et al, 1 RIR 64 (46-78)  copanlisib+ 1 100 30%  70% 100% 0 100% 0 - -
2021b (2) (32) indolent +R-CHOP
B-NHL

R/R. relapsed or refractory: B-NHL, Bcell non-Hodgkin lymphoms; R-B, rituximab + bendamustine; R-CHOP, rituximab + cydophosphamide, doxorubicin, vincristine, and prednisone.





