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Abstract: The importance of the phosphatidylinositol-3-kinase (PI3K) pathway in cell survival 

and proliferation has made it an attractive target in cancer therapy. The development of small 

molecule inhibitors for the PI3K pathway continues to provide treatment alternatives across a 

range of malignancy types. Several agents, including idelalisib, copanlisib and duvelisib, not 

only inhibit the PI3K pathway, but also have effects on associated mechanisms including the 

ATK and mTOR pathways. The advent of PI3K-specific small molecular inhibitors has led to 

increased efficacy with avoidance of an excessive toxicity profile. Key enzymes of the PI3K 

pathway exhibit differing expression in tissue types and roles in tumor pathogenesis. Copanlisib 

(BAY 80-6946) is a pan-specific PI3K small molecule inhibitor for four key isoforms with 

increased activity against PI3Kα and PI3Kδ, both important in B-cell malignancies. Follicular 

lymphoma is one of the most common indolent B-cell non-Hodgkin lymphomas worldwide. 

Follicular lymphoma like other indolent B-cell non-Hodgkin lymphomas is beleaguered by 

high relapse rates and the need for subsequent therapy options. Based on efficacy and a limited 

toxicity profile, copanlisib received accelerated US Food and Drug Administration approval 

for the treatment of adult patients with relapsed follicular lymphoma following two lines of 

therapy. Here, we review the development of copanlisib and the role of this agent in the treat-

ment of follicular lymphoma.
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Introduction
Follicular lymphoma (FL) is an indolent non-Hodgkin lymphoma (iNHL) derived 

from germinal center B cells of both small cleaved (centrocytes) and large non-

cleaved (centroblasts) follicular center cells. FL is one of the most common forms of 

non-Hodgkin lymphoma (NHL) commonly affecting adults in the sixth decade of life 

worldwide with no specific geographic or racial predilection.1 There are no validated 

risk factors, though a small number of familial cases have been reported.2 Though 

the pathogenesis of FL is not well understood, the genetic hallmark is chromosomal 

translocation t (14:18) (q32;q21) resulting in overexpression of the BCL2 protein. 

Affected individuals typically present with a long-standing history of asymptomatic 

waxing and waning peripheral lymphadenopathy of the cervical, axillary, inguinal and 

femoral regions.3 Bone marrow involvement and widespread disease at diagnosis are 

a common presentation.4

FL is staged as limited (I–II) or advanced (III–IV) based on the Lugano classifica-

tion. Tumor grade, which is determined by the number of centroblasts per high-power 

field, ranges from 1 to 3b based on the World Health Organization classification. 
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Grades 1, 2 and 3a disease is considered an indolent 

lymphoma, while grade 3b disease is considered a more 

aggressive tumor resembling diffuse large B-cell lymphoma 

(DLBCL).5 This evolution of disease is thought to be via 

clonal evolution with up to 45% of patients experiencing 

transformation from indolent to aggressive B-cell lymphoma 

during the course of their disease.6–8 Prognosis is determined 

by the FL International Prognostic Index (FLIPI) score and 

the grade of tumor at diagnosis. The FLIPI score helps to 

risk stratify patients into three different categories – low 

risk, intermediate risk and high risk – based on the patient’s 

individual clinical and laboratory findings. Using this index, 

the FLIPI database predicts a 10-year overall survival rate of 

71%, 51% and 36% in low-risk, intermediate and high-risk 

categories, respectively.9

Treatment of FL initially includes observation until indi-

cations for therapy are present based on the Groupe d’Etude 

des Lymphomes Folliculaires criteria.10 Like other iNHLs, 

therapy for FL is not considered curative and relapses are 

expected; hence, observation plays an important role in 

delaying treatment-related toxicity. In general, therapies 

for limited stage disease include involved field radiotherapy 

or immunotherapy (anti-CD20 monoclonal antibodies) ± 

chemotherapy. Patients who undergo radiation therapy (RT) 

and chemotherapy for limited stage disease typically have 

long median survival. In one study, in patients who received 

RT or combination RT/chemotherapy, the 5-, 10- and 

15-year overall survival (OS) was noted to be 93%, 75% 

and 62%, respectively.11 The advent of rituximab signifi-

cantly changed treatment approaches in symptomatic FL, 

as evident by improved progression-free survival (PFS) and 

OS vs chemotherapy alone, bringing chemoimmunotherapy 

(chemotherapy plus rituximab) to the frontline.12 Induction 

therapy response rates as high as 74.7% have been report-

ed.13 Rituximab monotherapy and radioimmunotherapy 

(an antibody labeled with a therapeutic radionuclide) both 

remain viable options.14 For advanced stage disease, the 

therapeutic options include observation or combination 

chemoimmunotherapy. Patients with advanced age or 

significant comorbidities deemed ineligible for aggressive 

therapy may receive immunotherapy alone or radioim-

munotherapy. Of note, grade 3b disease is treated follow-

ing algorithms for DLBCL based on long-term results of 

FOLL05 trial.15

A majority of patients present with advanced disease at 

diagnosis, and current guidelines recommend immediate 

treatment for patients who are symptomatic. Treatment with a 

rituximab backbone combined with chemotherapeutic agents 

in the form of CHOP (cyclophosphamide, doxorubicin, 

vincristine and prednisone), CVP (cyclophosphamide, 

vincristine and prednisone), fludarabine-containing regimens 

or bendamustine may be considered.16–18 Initial regimens 

for both limited and advanced FL are typically chosen 

based on clinician experience in addition to patient char-

acteristics and are usually followed by a period of interval 

surveillance. The BRIGHT study for patients with iNHL 

treated with chemoimmunotherapy showed a 5-year PFS 

of 65.5% for bendamustine–rituximab (B-R) and 55.8% for 

R-CHOP/R-CVP.19 Similarly, the median PFS from the StiL 

NHL1 study in patients with iNHL treated with chemoim-

munotherapy was 69.5 months for B-R vs 31.2 months for 

R-CHOP. The median time to next treatment was not reached 

for B-R, compared to 56 months for R-CHOP.20 Findings 

confirmed treatment with B-R reduced the need for next-line 

therapy; however, a majority of patients went on to need 

subsequent treatment.

Initial therapy is not curative, and maintenance therapy 

with either rituximab monotherapy or radioimmunotherapy 

(ie, ibritumomab tiuxetan) has been shown to improve PFS, 

but not OS, and patients ultimately relapse.21,22 Treatment 

for relapsed or refractory disease is based on patient char-

acteristics and the type of response to initial therapy. Treat-

ment options include return to observation, immunotherapy 

or a chemoimmunotherapy rechallenge with the same or 

a similar regimen.23–25 Immunotherapy maintenance and 

consideration of a consolidative stem cell transplantation 

(either autologous or allogeneic) may be appropriate in select 

cases.26–28 The need for tolerable and effective treatment 

options has led to the development of targeted agents in the 

form of small molecule inhibitors. Studies that determine 

the mechanisms of pathogenesis in FL have identified the 

phosphatidylinositol-3-kinase (PI3K) pathway to be of 

particular interest.29

The PI3K pathway is known to promote cellular sur-

vival and play a role in developing resistance to current 

chemotherapy.3,30 The initial US Food and Drug Adminis-

tration (FDA) approval of a small molecule PI3K inhibitor 

for FL was idelalisib, a potent PI3Kδ inhibitor. Idelalisib 

was approved as a single agent for the treatment of relapsed 

FL in patients who received at least two prior systemic 

therapies.31 In the Phase II studies, idelalisib showed an 

overall response rate (ORR) of 57%, with only 6% reaching 

a complete response (CR). The median PFS and OS were 

11 and 20 months, respectively.32,33 The severe adverse event 

(AE; grade 3 or 4) profile for idelalisib includes troublesome 

neutropenia (27%), elevated aminotransferase levels (13%), 

diarrhea (13%) and pneumonia (7%). Due to these AEs, this 

drug carries boxed warnings regarding increased risk of fatal 
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and/or serious hepatotoxicity, diarrhea, intestinal perfora-

tion, colitis and pneumonitis. Hepatic function should be 

evaluated prior to and during treatment. Fatal and/or serious 

infections occurred in 21% of patients on monotherapy. The 

drug is associated with an increase in opportunistic infections, 

prompting the manufacturer to recommend prophylaxis for 

Pneumocystis jirovecii pneumonia (PJP) and monitoring for 

cytomegalovirus (CMV) reactivation.34

Subsequent to the development of idelalisib, other small 

molecule inhibitors directed at the differing PI3K isoforms 

have emerged. Copanlisib (BAY 80-6946) is an intravenous 

(IV) inhibitor of the PI3K pathway currently undergoing 

investigation in multiple clinical trials for patients with 

indolent lymphomas. A Phase II clinical trial, CHRONOS-1, 

demonstrated promising results in the treatment of relapsed 

or refractory indolent lymphoma for patients who have 

received at least two prior systemic therapies.29 Copanlisib 

was approved by the FDA in September 2017 for the treat-

ment of adult patients with relapsed FL.35 We aim to discuss 

the mechanism, clinical trial experience and future directions 

for copanlisib in the treatment of FL.

Pharmacology
Mechanism of action
The B-cell receptor is an antigen receptor identified to play 

a major role in mature B-cell survival. When activated, it 

leads to downstream signaling pathways including PI3K, 

protein kinase B (AKT) and mammalian target of rapamycin 

(mTOR). The PI3K/AKT/mTOR pathways are key players 

in proliferation, cell survival and angiogenesis (Figure 1). 

The PI3K pathway is known as one of the most activated 

signaling pathways in many cancers and has been shown 

to rescue B-cell receptor–deficient mature B cells, leading 

to proliferation.36,37 The overexpression of PI3K isoforms 

has been shown to predict a poor prognosis and is as well a 

cause for relapse and cancer resistance in B-cell malignan-

cies including FL.38,39

Copanlisib inhibits the catalytic activity of four class 1 

enzymes, including the PI3K isoforms PI3Kα, PI3Kβ, PI3Kγ 

and PI3Kδ with IC
50

 values of 0.5, 3.7, 6.4 and 0.7 nmol/L, 

respectively.40 PI3Kα and PI3Kβ have ubiquitous expres-

sion across cell types, while PI3Kγ and PI3Kδ are expressed 

mostly in hematopoietic tissues. PI3Kδ is implicated in 

B-cell proliferation and survival, while PI3Kα is implicated 

in relapsed disease.39,41,42 This presents an excellent oppor-

tunity for tumor control with PI3K inhibition. Beneficial 

off-target effects include upregulation of apoptotic path-

ways and the inhibition of CXCR12 mediated chemotaxis 

of malignant B cells and NFκB signaling in lymphoma 

cell lines.43

Pharmacokinetics and pharmacodynamics
In the first human Phase I trial by Patnaik et al, the phar-

macokinetics of copanlisib was studied in patients with 

advanced solid tumors and NHL.44 The maximum toler-

ated dose (MTD) was determined to be 0.8 mg/kg IV once 

weekly. The maximum plasma concentration (C
max

) was 

reached between 0.5 and 1 hour, followed by a rapid multi-

phasic and then slow decline in the plasma concentration–

time profiles for up to 168 hours. Terminal half-life was 

κ

γ

Figure 1 Targetable cell survival mechanisms.
Notes: Stimulation of the BCR and its co-receptor CD19 results in downstream signaling via the Pi3K/AKT/mTOR pathway. LYN and SYK are recruited to the engaged BCR, 
where they are activated by phosphorylation and initiate the cascade. Pi3K recruitment occurs through mechanisms including BCAR. Activation proceeds via AKT to mTOR, 
GSK-3 and NF-κB. Additionally, stimulation along BTK results in further NF-κB activity. Ultimately, stimulation along the P13K/AKT/mTOR pathways results in increased cell 
survival, proliferation, metabolism, migration and chemokine secretion. inhibition of Pi3K acts to overt these mechanisms.
Abbreviation: BCR, B-cell receptor.
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identified as 38.2 hours. Area under the curve from time 0 to 

25 hours showed an increased dose proportionally between 

0.1 and 1.2 mg/kg with moderate to high variability. In the 

study, 93% of patients experienced a predefined pharma-

codynamics effect following the first copanlisib infusion. 

When evaluating for hyperglycemia, copanlisib exposure 

correlated positively with increasing plasma glucose levels. 

A second trial reported further pharmacodynamic evidence 

of on-target modulation along the PI3K pathway via inhibi-

tion of pAKT-S473 and p56 in tumors as well as inhibition 

of pAKT in platelet-rich plasma.45 A dose dependency was 

observed with improved inhibition using a 0.8 mg/kg dose 

over a 0.4 mg/kg dose. Based on these findings, a flat dose 

of 60 mg is the approved recommended dose. Copanlisib is 

infused weekly as 28-day cycles, 3 weeks on and 1 week 

off. Dose modifications for toxicity are guided by the drug 

package insert.35

Adverse events and toxicity
Drug-related AEs and toxicity of copanlisib are similar to 

other drugs in this pharmacologic category, which includes 

both hematologic and non-hematologic events as estab-

lished in the initial Phase I experience.44 In the Phase II trial 

using copanlisib monotherapy in patients with hematologic 

malignancies, the most common treatment-related grade $3 

AE occurring in .10% of patients included hyperglycemia 

(41%), hypertension (24%), neutropenia (24%) and lung 

infections (16%).29 Here, we address the common AE and 

toxicity profile most relevant to clinical practice.35

Hematological toxicities including grade 3 or 4 events 

related to direct bone marrow suppression with copanlisib 

therapy have been reported. Leukopenia, neutropenia, 

lymphopenia and anemia are not uncommon. Approximately 

25% of patients receiving copanlisib may experience grade 

3 or 4 neutropenia. Weekly blood counts, therapy interrup-

tion, dose reduction or discontinuation of treatment may be 

required to manage effectively. Infections in the range of 

grade 3 or higher are not uncommon. Pneumonia was the 

most common infection with rare reports of serious PJP. 

Monitoring for signs and symptoms of infection and prompt 

interruption of therapy for grade 3 or higher infections is 

prudent. PJP prophylaxis is recommended and in confirmed 

cases, treatment of PJP in addition to interruption of therapy 

is required. Copanlisib can be resumed once PJP treatment 

is completed and the infection is cleared.

Copanlisib-induced non-infectious pneumonitis (NIP) has 

been reported with therapy. Therapy interruption and diag-

nostic evaluation to rule out infectious causes, followed by 

administration of systemic corticosteroids as indicated is the 

preferred approach. Copanlisib may be resumed at reduced 

dose following resolution of NIP. If there is recurrence of 

grade 2 NIP or if the patient had grade 3 or higher NIP at 

diagnosis, therapy should be discontinued.

Hyperglycemia of grade 3 or 4 is common with patients 

receiving copanlisib monotherapy. Hyperglycemia observed 

was either immediate (peak at 5–8 hours postinfusion) 

or delayed (usually 1 day after infusion). In patients with 

HbA1c ,5.7%, there was a 10% incidence of HbA1c .6.5% 

at the end of copanlisib therapy. Optimal glycemic control 

prior to and during the duration of therapy is necessary and 

depending on the severity and persistence of hyperglycemia, 

treatment interruption, dose adjustment or discontinuation 

should be considered. Diabetic patients can be treated with 

copanlisib, provided close monitoring and adequate glucose 

control are feasible.

Hypertension with grade 3 or higher events has been 

associated with copanlisib therapy. At least 25% of patients 

receiving copanlisib monotherapy experienced grade 3 

hypertension (systolic blood pressure $160 mmHg or dia-

stolic blood pressure $100 mmHg). Blood pressure eleva-

tions are evident ~2 hours after the start of infusion. Optimal 

blood pressure control and monitoring prior to and during 

infusion is required. Dose reduction, therapy interruption 

or treatment discontinuation may be needed based on the 

persistence and severity of hypertension.

Dermatological toxicities with copanlisib, including 

grade 3 and 4, have been well documented. They include 

maculopapular and exfoliative rash, pruritus and exfoliative 

dermatitis. Severity and persistence of grade 3 or 4 toxicity 

should guide the decision to interrupt therapy, reduce dose 

or discontinue treatment.

Gastrointestinal toxicities such as abdominal pain, 

anorexia, constipation, diarrhea, elevated liver enzymes, 

mucositis, nausea and vomiting have been reported.

While it is reasonable to extrapolate the toxicity and AEs 

of oral PI3K inhibitors to IV copanlisib, a pulled safety analy-

sis has shown otherwise. Combined, the AE profile in Phase I 

and II studies of patients with relapsed iNHL treated with 

copanlisib is quite different in comparison to reported data 

with other agents in the same pharmacologic class. In a poster 

presented by Zinzani et al, the safety profile of intermittent IV 

copanlisib was compared to continuous oral PI3K inhibitors, 

which revealed the most common severe AEs of hyperglyce-

mia and hypertension are mostly self-limiting and transient.46 

For copanlisib, there is a low frequency of individual severe 

AE and little to no evidence for late-onset AEs. Inflammatory 
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AEs including pneumonitis, colitis, and hepatitis associated 

with oral PI3K inhibitors were infrequent and less severe 

during treatment with copanlisib.

Efficacy
Preclinical studies
The high incidence of genetic alterations in the P13K path-

way across a broad range of cancers has made the develop-

ment of inhibitors to this pathway of significant clinical 

interest. PI3K preclinical studies have attempted to identify 

tumors in which copanlisib therapy would potentially be 

most beneficial. Early investigations have also determined 

the pharmacologic properties of this agent.

In the first preclinical studies by Liu et al, the efficacy of 

copanlisib was investigated in tumor cell lines and xenograft 

models.36,40 Results showed a cellular selectivity to inhibi-

tion of class I PI3K isoforms with no mTOR inhibition. As 

a selective PI3K inhibitor, copanlisib became an agent of 

particular interest. Most agents have dual PI3K and mTOR 

inhibitors, thus copanlisib provided an opportunity to study 

the efficacy and tumor suppressing capabilities specific to the 

PI3K pathway. Of the class 1 PI3K isoforms, more selective 

inhibition was noted in PI3Kα and PI3Kδ.40

In a second preclinical study by Paul et al, 45 FL patients 

and 45 DLBCL patients were investigated. Expression analy-

sis was used to identify PI3K isoforms in these tumor types.47 

PI3Kδ was the dominant isoform in both FL and DLBCL at 

87% and 96%, respectively. PI3Kα had a higher expression 

in DLCBL at 62%, compared to 18% in FL. Expression of 

PI3Kα was associated with later stage disease in FL and 

a high FLIPI prognostic score. These expression profiles 

suggest that a PI3K inhibition that targets both PI3Kα and 

PI3Kδ isoforms would have potential efficacy in the treat-

ment of NHL.48 The preclinical findings translated into 

several completed and ongoing clinical trials in hematologic 

malignancies (Table 1).

Phase i trial experience
In the Phase I trial by Patnaik et al, copanlisib was admin-

istered to patients with advanced solid tumors in 28-day 

cycles.44 In total, 67 patients were enrolled and 57 received 

treatment. A dose-escalation cohort included 17 patients 

Table 1 Clinical trials using copanlisib in hematologic malignancies

Phase Intervention Patients Tumor type Primary 
endpoint

Status Inclusion 
criteria

Results 
available

NCT00962611 i Copanlisib 57 NHL and solid 
tumor

Safety and 
tolerability

Completed Advanced cancer 38

NCT01660451
CHRONOS-1

ii Copanlisib 227 iNHL ORR Active, not 
recruiting

$2 lines of 
therapy

23, 45, 46

NCT02155582 i Copanlisib 63 NHL and solid 
tumor

Pharmacodynamics Completed NHL; solid tumor 
with high PiK3CA 
or PTeN

39

NCT02253420 i itraconazole or 
rifampin + copanlisib

46 NHL and solid 
tumors

AUC, 
pharmacokinetics

Recruiting Relapsed and 
refractory disease

N/A

NCT02342665 i/ii Copanlisib 26 iNHL Safety and 
tolerability

Recruiting Japanese patients N/A

NCT02367040
CHRONOS-3

iii Copanlisib + rituximab 567 iNHL PFS Recruiting $1 prior therapy 
including rituximab

N/A

NCT02369016
CHRONOS-2

iii Copanlisib vs placebo 25 iNHL PFS Active, not 
recruiting

$2 lines; 
refractory to 
rituximab

Pending 
analysis

NCT02391116 ii Copanlisib 67 DLBCL ORR Active, not 
recruiting

$1 prior therapy 
with chemo + 
rituximab

47

NCT02455297 ii Copanlisib 4 MCL ORR Terminated Relapsed and/or 
refractory

Abandoned

NCT02626455
CHRONOS-4

iii Copanlisib ± 
chemoimmunotherapy

520 iNHL PFS, RP2D Recruiting One to three 
prior lines with 
rituximab and 
anthracycline

N/A

NCT03052933 i/ii Copanlisib + 
gemcitabine

36 PTCL and
NK/T-cell NHL

ORR Not yet 
recruiting

Relapsed and/or 
refractory

N/A

Abbreviations: AUC, area under the curve; DLBLC, diffuse large B-cell lymphoma; iNHL, indolent non-Hodgkin lymphoma; MCL, mantle cell lymphoma; NHL, non-Hodgkin 
lymphoma; NK, natural killer; ORR, overall response rate; PFS, progression-free survival; PTCL, peripheral T-cell lymphoma; RP2D, recommended Phase 2 dose.
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who received doses of 0.1, 0.2, 0.4, 0.8 and 1.2 mg/kg. 

Patients received treatment once weekly on days 1, 8 and 

15 by 1-hour IV infusions. Multiple dose-limiting toxici-

ties were observed in one patient who was in the 1.2 mg/kg 

group, resulting in the MTD being defined as 0.8 mg/kg. 

The study further divided the other patients into expan-

sion cohorts including solid tumors (25 patients), NHL 

(9 patients) and diabetics (6 patients). For the expansion 

cohort phase, all patients received the MTD of 0.8 mg/kg. 

In the NHL expansion cohort, nine patients were followed, 

including six patients with FL and three with DLBCL. Of the 

NHL patients, 67% (6/9) had a grade 3 or grade 4 AE, with 

the most common including hyperglycemia (89%), nausea 

(78%), hypertension (33%) and diarrhea (33%). Of the 

six patients with FL, the ORR was 100% with one patient 

showing CR and five showing partial response. Two FL 

patients had long-term responses, with one patient on 

treatment for ~4 years.

A Phase I trial from Japan enrolled ten patients with 

advanced or refractory solid tumors.49 Patients received either 

a single IV dose of 0.4 mg/kg (three patients) or 0.8 mg/kg 

(seven patients) of copanlisib on days 1, 8 and 15 of a 

28-day cycle. The mean duration of therapy was 6.2 weeks. 

Copanlisib was well tolerated and MTD was determined to be 

0.8 mg/kg. No patients achieved CR or partial response. Four 

patients had stable disease and six had progressive disease. 

The mean time to progression was 52 days. The study did 

not include patients with lymphoma. The trial, however, con-

firmed a similar AE profile, with the most common including 

hyperglycemia, hypertension and constipation.

In a smaller Phase I study by Gerisch et al, six healthy 

volunteers were observed with similar pharmacokinetics to the 

above studies.50 All volunteers were healthy males and received 

a single dose of 12 mg of copanlisib. Using radioactivity, the 

primary means of elimination of the drug was in the feces 

(64%) and urine (22%). Half-life of the drug was observed to 

be 52.1 hours. Of those treated, three volunteers experienced 

what was defined as a treatment-emergent AE. The intensity of 

these treatment-emergent AEs was considered mild–moderate 

with mostly gastrointestinal symptoms, except for one event 

of myalgia and one event of oropharyngeal pain.

Phase ii trial experience
The Phase II trial, CHRONOS-1 (NCT01660451), is an 

open-label, uncontrolled trial using copanlisib monotherapy 

in patients with relapsed NHLs. Two peer-reviewed jour-

nal manuscripts report maturing data from the trial.29,51 

Results from the CHRONOS-1 trial ultimately resulted in 

FDA approval of copanlisib for relapsed FL.

The first publication is by Dreyling et al in Annals of 

Oncology, which reports data from Part A of the CHRONOS-1 

trial.51 The trial enrolled 33 patients with indolent lymphoma 

and 51 patients with aggressive lymphoma. Indolent lym-

phoma subtypes included FL (FL grades 1–3a – 49%), 

chronic lymphocytic lymphoma (40%), marginal zone 

lymphoma (MZL – 9%) and small lymphocytic lymphoma 

(SLL – 3%). Aggressive lymphoma subtypes included 

DLBCL (30%), mantle cell lymphoma (22%), peripheral 

T-cell lymphoma (33%), transformed indolent FL (12%) 

and FL grade 3b (2%). Patients received at least 2 prior 

therapies, with a median number of 4 for the indolent lym-

phomas (range 2–10) and 3 for the aggressive lymphomas 

(range 2–9). The patients were ~50% male/female with a 

median age of 68 years in the indolent group and 63 years 

in the aggressive group. Copanlisib was administered IV on 

days 1, 8 and 15 of a 28-day cycle, with a median treatment 

duration of 23 weeks in the indolent group and 8 weeks in 

the aggressive group. The ORR was noted to be 43.7% and 

27.1% in the indolent and aggressive groups, respectively. 

The median PFS was 294 days (0–874 days) in the indolent 

group and 70 days (0–897 days) in the aggressive group.28 

The most common AEs as discussed earlier included 

hyperglycemia, hypertension, fatigue, diarrhea, neutrope-

nia, nausea and anemia in .30% across all grades. There 

were ten deaths considered potential drug related, including 

infections in five patients (meningitis, pneumonia, lower 

respiratory tract infection, pyelonephritis and septic shock), 

deterioration in health in two patients and acute respiratory 

failure, circulatory collapse and progressive disease each in  

one patient.

The second publication is by Dreyling et al in Journal 

of Clinical Oncology, which reports data of an additional 

142 patients with indolent lymphoma on Part B of the 

CHRONOS-1 trial.29 Patients enrolled had a median age of 

63 years (25–82 years) with relapsed or refractory indolent 

lymphoma who had received a median of three lines of 

therapy (range 2–9). Lymphoma subtypes included FL grade 

1–3a (73%), MZL (16%), SLL (6%) and lymphoplasma-

cytic lymphoma (4%). Patients were treated with the same 

dose and schedule of copanlisib as in Part A. The ORR was 

58.5% including 14.1% with CR based on the February 2017 

data cutoff occurring 8 months after the primary analysis. 

The median duration of response was 12.2 months (range 

0.03–2.81), median PFS was 11.2 months and median OS 

had not been reached. The AE profile for all grades in .30% 

of patients again included hyperglycemia (50%), diarrhea 

(34%), neutropenia (20%), fatigue (30%) and hypertension 

(30%). There were two deaths reported secondary to lung 
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infections. The robust efficacy and manageable safety profile 

in these heavily pretreated patients reaffirmed that copan-

lisib is an option for treatment of patients with relapsed or  

refractory iNHL.

Of interest, in the Phase II CHRONOS-1 trial, an ORR 

of 75.0% was seen in eight patients with SLL and 16.7% 

in six patients with lymphoplasmacytic lymphoma.29 In 

a subset analysis of 23 patients with MZL, copanlisib 

monotherapy showed an impressive ORR of 70% and CR 

of 13%.52 At 9 months from the time of analysis for this 

subgroup, in the 85% of patients with a clinical response, 

the median duration of response had not yet been reached. 

No mortality or nonfatal opportunistic infections attributable 

to copanlisib were noted in the MZL cohort. In comparison 

to the historical clinical experience of current treatment 

for MZL, further study of copanlisib in this population 

is warranted.

An active study of relapsed and refractory DLBCL 

treated with the single agent copanlisib has interim results 

available from 40 of the planned 67 enrolled patients.53 The 

median age of patients was 69 with heavily pretreated disease 

including a median of three prior lines (range 1–13). DLBCL 

subtypes included 16 activated B cells (ABC), which is 

historically known as more aggressive and resistant disease. 

The ORR was 25%, including five patients with CR. Of the 

ABC subtype patients, the ORR was 37.5%, including four 

patients with CR. Therapy was well tolerated with the most 

common AEs including diarrhea, nausea, fatigue and tran-

sient hyperglycemia and hypertension. The findings from 

the trial are encouraging for DLBCL treatment, especially 

in the ABC subtype.

Phase iii trials
There are currently three Phase III trials using copan-

lisib in indolent lymphomas, including CRONOS-2 

(NCT02369016), CHRONOS-3 (NCT02367040) and 

CHRONOS-4 (NCT02626455). The CHRONOS-2 trial is 

a randomized protocol evaluating copanlisib vs placebo 

in patients with rituximab-refractory disease. The trial has 

completed accrual; however, results are yet to be reported. 

CHRONOS-3 and CHRONOS-4 are actively recruiting 

patients on international protocols. The CHRONOS-3 trial 

is a randomized, double-blinded, placebo-controlled study 

evaluating copanlisib in combination with rituximab for 

relapsed disease. The CHRONOS-4 trial is a randomized, 

double-blinded, controlled study of copanlisib in combination 

with standard chemoimmunotherapy (R-CHOP or B-R) vs 

standard chemoimmunotherapy alone for relapsed disease.

Discussion
The PI3K/ATK/mTOR pathway has clear implications in 

cancer pathogenesis and remains an attractive target for 

cancer therapeutics. Copanlisib is currently the second FDA-

approved PI3K inhibitor, but the first IV formulation in this 

group. There are a host of agents in development with several 

currently in Phase II and Phase III trials across a broad range 

of both hematologic and solid malignancies.54–56 Copanlisib 

represents a specific PI3K inhibitor that has effects on four 

isoforms of the PI3K protein. As monotherapy for the treat-

ment of iNHL, copanlisib has shown a high ORR (.50%) 

including 14% of patients with a CR.29 The published results 

from clinical trials of copanlisib in hematologic malignancies 

are summarized in Table 2. Based on the expectation of a 

Table 2 Published results from clinical trials with copanlisib in hematologic malignancies

n Tumor type Median age, 
years (range)

Lines of 
therapy (range)

Median 
cycles

Clinical response Reference

NCT00962611
NHL expansion cohort

9 9 FL; 3 DLBCL 72 (40–84) 3 (1–8) N/A FL responses: ORR: 100%, 
CR: 22.2%

38

NCT01660451
CHRONOS-1 Part A

•	 indolent NHL
•	 Aggressive NHL

CHRONOS-1 Part B

84
33
51
142

16 FL, 13 CLL, 3 MZL, 
1 SLL; 17 PTCL, 15 DLBCL, 
6 HT, 11 MCL, 1 PMBCL
104 FL, 23 MZL, 8 SLL,
6 LPL/wM, DLBCL

68 (46–89)
63 (22–90)
63 (25–82)

4 (2–10)
3 (1–9)
3 (2–9)

5.7
2.0
5.5

ORR: 43.8%, CR: 6.3%, 
PFS: 9.8 months
ORR: 29.4%, CR: 0.0%, 
PFS: 2.3 months
ORR: 59.0%, CR: 12.0%, 
PFS: 11.2 months

45
23

NCT02155582
NHL Cohort

33 NHL N/A N/A N/A CR: 2 (PTCL, DLBCL)
PR: 5 (MCL, FL, 3 DLBCL)

39

NCT02391116 67 DLBCL 69 (25–93) 3 (1–13) 6 ORR: 25%, CR: 12.5% 47

Abbreviations: CLL, chronic lymphocytic leukemia; CR, complete response; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; HT, histologic transformation: 
FL to DLBCL; LPL/wM, lymphoplasmacytic lymphoma/waldenström’s macroglobulinemia; MCL, mantle cell lymphoma; MZL, marginal zone lymphoma; NHL, non-Hodgkin 
lymphoma; ORR, overall response rate; PFS, progression-free survival; PMBCL, primary mediastinal B-cell lymphoma; PR, partial response; PTCL, peripheral T-cell lymphoma; 
SLL, small lymphocytic lymphoma.
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limited PFS when treating iNHL, copanlisib appears to be a 

valuable agent in relapsed or refractory disease. Patients with 

FL typically require multiple lines of therapy, with a shortened 

PFS with each new line of therapy. In a study that analyzed 

PFS in patients who received multiple lines of therapy in FL 

treatment, it was noted that the median PFS was 4.8, 1.6 and 

1 year(s) after the first, second and third line of treatment, 

respectively.57 In the CHRONOS-1 trial that evaluated patients 

treated with copanlisib after relapsed or refractory indolent 

lymphoma after a median of three lines of therapy, the PFS 

was noted to be 11.2 months. This is equivalent to the PFS of 

patients treated with three lines of therapy in the study con-

ducted by Alperovich et al.57 Results of ongoing investigations 

are needed to further investigate OS and support the use of 

copanlisib in the treatment of iNHL including FL.

The prior approved PI3K inhibitor, idelalisib, has similar 

clinical responses in comparison to copanlisib.32,33 The most 

notable difference is the toxicity profile. Idelalisib use carries a 

risk of inflammatory type reactions including hepatitis, pneu-

monitis and gastritis. Additionally, idelalisib is associated 

with reactivation of CMV and severe pulmonary infections 

related to PJP. Secondary to an increase in death rates, several 

trials with idelalisib were halted prior to accrual goals. The 

improvement in toxicity profile established for copanlisib has 

been consistent across the available clinical trial data. The use 

of PJP prophylaxis remains a recommendation and clinical 

vigilance for CMV reactivation. Alternatively, copanlisib 

is associated with more hyperglycemia and hypertension, 

for which both are transient.46 The difference in toxicity 

may be related to continuous exposure with an oral agent vs 

intermittent dosing with the copanlisib IV formulation.

A third PI3K inhibitor, duvelisib, is an oral agent and dual 

inhibitor of PI3Kδ and PI3Kγ that has shown positive Phase 

III results. Duvelisib has been granted priority review for the 

treatment of patients with relapsed refractory FL and chronic 

lymphocytic lymphoma/SLL based on results from the Phase 

II DYNAMO study and the Phase III DUO trial. In the Phase 

II study, subjects with refractory iNHL showed an ORR of 

46% (P,0.001) including 41% in FL. The median PFS and 

OS for the entire cohort of iNHL were 8.4 and 18.4 months, 

respectively.58 AEs were mostly grade 1–2. Grade 3 or more 

AEs, though transient, included hematologic toxicity (neu-

tropenia 23%, anemia 12% and thrombocytopenia 10%) and 

diarrhea (15%). Six patients died in the trial, including two 

with severe cutaneous reaction of toxic epidermal necrolysis 

(TEN) and drug reaction with eosinophilia and systematic 

symptoms (DRESS). Both FDA-approved PI3K inhibitors, 

idelalisib and copanlisib, together with duvelisib pending 

FDA approval, all have similar response expectations, but dif-

fering side effect profiles. Approval of duvelisib in this drug 

category will certainly give more options for combination 

regimens and other head-to-head trials to optimize the treat-

ment in relapsed refractory FL utilizing the PI3K pathway.

The CHRONOS-2 trial which randomized copanlisib 

vs placebo in relapsed or refractory iNHL has completed 

accrual and the results are expected within this year. One 

may speculate the responses will be similar to earlier clinical 

trial outcomes and the toxicity profile will be unchanged. 

In the CHRONOS-2 trial, patients are allowed to receive 

copanlisib at disease progression; thus, OS will likely appear 

tempered secondary to crossover from the placebo arm. The 

CHRONOS-3 and CHRONOS-4 trials explore combinations 

of copanlisib with rituximab and standard chemoimmunother-

apy, respectively. Both trials may represent another shift in 

standard treatment approaches based on clinical outcomes.

While the PI3K pathway is important in the pathogenesis 

of FL, this is not the single mechanism of disease. Therefore, 

copanlisib monotherapy is likely to have limited clinical 

benefit. The combination of copanlisib with other agents such 

as cytotoxic chemotherapy may improve clinical outcomes. 

Results from the CHRONOS-4 trial will provide evidence of 

these combinations. The high proliferation rate for aggres-

sive lymphomas may require molecular profiling to predict 

response as well as a combination of cytotoxic agents with 

copanlisib to derive maximal clinical benefit.59

A major theoretical issue with targeting the PI3K pathway 

simply lies with the complexity of the cell survival and pro-

liferation mechanisms. The PI3K pathway in association with 

ATK/mTOR and BTK results in several “escape routes” along 

the cytokine cascade. Inhibition specific to PI3K could result 

in alternate pathway signaling, drug resistance or upregula-

tion of alternative driver mechanisms for cell survival.60,61 

Combination inhibitors have resulted in increased toxicity 

profiles that may limit clinical benefit.62 Thoughtful combi-

nation of copanlisib with other small molecule inhibitors, 

immunotherapy and/or chemotherapy will hopefully improve 

upon clinical outcomes and provide durable response rates.

Future directions
Copanlisib is a small molecule inhibitor under heavy investiga-

tion across a broad range of hematologic and solid malignancies. 

There are currently trials in breast, endometrial, head/neck and 

cholangiocarcinoma. Investigations for treatment of aggressive 

NHL include DLBCL, mantle cell lymphoma and peripheral 

T-cell lymphoma. The FDA approval is currently specific to 

FL; however, given the high ORR (70%) on a subset analysis 
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of MZL, we foresee a role in treatment for this lymphoma 

subtype.52 Based on the acceptable toxicity profile, we expect 

copanlisib will remain an agent of clinical significance. Fur-

ther investigations as combination therapy will potentially 

push copanlisib to an earlier line of therapy for the iNHL. We 

await the results of the CHRONOS-4 clinical trial that com-

bines copanlisib with standard chemoimmunotherapy (B-R or 

R-CHOP). The lack of autoimmune-type AEs on copanlisib as 

compared to idelalisib may allow for combination therapy with 

checkpoint inhibitors including nivolumab or pembrolizumab. 

Attempts to combine idelalisib with lenalidomide and rituximab 

proved excessively toxic and both studies were closed.63 Given 

the differing toxicity profile of copanlisib, the combination could 

be revisited. The combination of idelalisib with a SYK inhibi-

tor, entospletinib, resulted in high rates of treatment-emergent 

pneumonitis. Thus, attempts to combine copanlisib with SYK 

inhibitors may also be problematic.64 Furthermore, research 

aimed at eliciting the correlation between PI3K expression 

and response to copanlisib and other PI3K inhibitors will be of 

immense benefit to therapeutic decision making.
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