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Abstract: The phosphatidylinositol-3-kinase (PI3K) pathway is ubiquitous to multiple 
cellular processes and is intricately implicated in lymphomagenesis. The development of 
PI3K inhibitors has broadened treatment options for relapsed and/or refractory follicular 
lymphoma (FL) and currently three PI3K inhibitors have been approved in the third-line 
setting for FL, including idelalisib (oral), duvelisib (oral), and copanlisib (intravenous), with 
other agents under investigation. In this review, we discuss the clinical advance of copanlisib 
through preclinical to Phase III trials, its unique cellular targets and side effect profile that 
have poised it as a safer and equally efficacious option when compared to the older- 
generation oral PI3Kis, and its utility to the clinician as part of the therapeutic armamentar-
ium for relapsed and/or refractory FL.
Keywords: copanlisib, follicular lymphoma, PI3K inhibitors

Introduction
Follicular lymphoma (FL) is an indolent non-Hodgkin lymphoma (NHL) derived 
from germinal center B-cells. Significant improvements in outcomes have been 
attained in the rituximab era such that most patients will experience a prolonged 
remission after frontline therapy. However, FL is still considered an incurable 
disease in most patients and exhibits a relapsing, remitting course. Thus, the 
majority of patients will be exposed to multiple lines of therapy during their 
lifetime. Therapies used to treat progressive disease have mostly utilized anti- 
CD20 monoclonal antibodies (class I and II), with or without cytotoxic chemother-
apy, or with lenalidomide.1 Also, survival outcomes progressively decline with 
subsequent lines of therapy.2 The unmet need for additional tolerable and effective 
treatment options in subsequent relapses has led to the development of targeted 
agents, amongst them phosphatidylinositol-3-kinase (PI3K) pathway inhibitors.

Background and Rationale
FL can be considered to possess three pathobiological targets: the cell surface, the 
intracellular compartment, and the tumor microenvironment. The PI3K pathway 
mediates signaling in each of these domains and has prognostic implications. PI3Ks 
belong to a conserved family of lipid kinases, activated by growth factor receptor 
tyrosine kinases which, in turn, lead to the recruitment and stimulation of a wide 
range of downstream, including the serine-threonine protein kinase Akt and 
mechanistic target of rapamycin (mTOR). Phosphatase and tensin homolog 
(PTEN) is a notable negative regulator of this pathway. PI3K pathway is at the 
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epicenter of an extraordinarily broad range of cellular 
regulatory processes, including cell growth and prolifera-
tion, metabolism, migration, and secretion and upregula-
tion of PI3K signaling has been considered a hallmark of 
cancer.3–5

Human cells express 3 classes of PI3K enzymes, of 
which class I are implicated in lymphoid malignancies and 
pertinent to the current review. Class I is subdivided in 
class IA and IB based on modes of regulation. Class IA are 
heterodimers, containing one catalytic subunit p110α, 
p110β, or p110δ, that associates with any of the regulatory 
subunits p85α, p55α, p50α, p85β, or p55γ forming PI3Kα, 
PI3Kβ, and PI3Kδ, respectively. Class IB is also 
a heterodimer, consisting of the catalytic subunit p110γ 
and the regulatory subunit p101 or p84 forming PI3Kγ. 
p110α and p110β are ubiquitously expressed in various 
tissues while p110γ and p110δ are mainly expressed in 
leukocytes. Sixty percent of PI3K activity in B-cells is 
accounted for by the p110δ isoform and this, hence, has 
been the focus of drug development in lymphomas.6

At the B-cell surface, the B-cell receptor (BCR) is 
a ubiquitously expressed protein with BCR signaling reg-
ulating multiple B-cell biological functions, such as 
growth, proliferation, differentiation, and survival. BCR 
also plays a role in follicular lymphomagenesis, both 
through auto-reactivity7 and antigen-independent signaling 
via interaction of mannosyl residues on surface-expressed 
BCR with lectins expressed on stromal cells in the tumor 
microenvironment.8–10 Intracellular signal transduction of 
BCRs is almost invariably dependent on PI3K signaling 
and in mature B cells, PI3K activity interweaves with 
B-cell receptor (BCR) signaling, regulated in both 
a B-cell receptor (BCR) dependent and BCR-independent 
manner.6 This interdependence underscores the critical 
role of PI3K pathway in FL lymphomagenesis.

Intracellularly, PI3K activation, at least in part, 
enhances the apoptosis-resistance provided by Bcl-2 over-
expression, which is central to FL pathogenesis.11 FL cells 
demonstrate elevated basal levels of spleen tyrosine kinase 
(Syk), a downstream molecule in the PI3K pathway, and 
studies have shown a key role of the Syk/mTOR axis in FL 
survival.12 Ablation of p110δ in mice blocks pro-B cell 
differentiation with decreased numbers of circulating, 
mature B cells, suggesting an indispensable role in B-cell 
follicular maturation and survival. Class I PI3K aberrancy 
has been frequently implicated in many forms of B-cell 
malignancies, such as chronic lymphocytic leukemia 
(CLL), mantle cell lymphoma (MCL), and diffuse large 

B-cell lymphoma (DLBCL). A subset of FL patients 
shows activation of PI3K, demonstrated by Akt phosphor-
ylation, a downstream kinase of PI3Ks.

The tumor microenvironment is key to lymphomagen-
esis. There is extensive, bi-directional cross-talk between 
FL and stromal cells. Stromal cells promote FL cell survi-
val through recruitment of cell adhesion molecules, cyto-
kines, and chemokines.13 PI3Kδ blockade in mice models 
has been shown to abrogate production of cytokines such 
as IL-6 and IL-1014 and NK-cell chemokine production.15 

Idelalisib (formerly CAL-101), a PI3δ inhibitor, disrupted 
T and NK-cell cytokine production in CLL preclinical 
models supporting the pathogenetic role of this 
pathway.16 PI3Kδ inhibition also interrupts CXCR12 
mediated chemotaxis.17 Overall, PI3K inhibition disrupts 
supportive lymphoma-tumor microenvironment interac-
tions contributing to anti-tumor activity.

p110δ expression also appears to have a prognostic role 
in FL. Dong et al examined expression of p110δ and CD9 
(a tetraspanin protein involved in diverse cellular pro-
cesses such as motility, adhesion, and differentiation) on 
76 FL tumor tissues and 15 normal tissues with immuno-
histochemistry (IHC). FL patients expressed high levels of 
p110δ and low levels of CD9. The upregulation of 
PIK3CD and downregulation of CD9 was associated 
with higher Ann Arbor stages and a shorter progression- 
free survival (PFS). These results suggested that gain of 
p110δ increases the recurrence risk of FL and could be 
a predictor of tumor progression and FL aggressiveness.18 

Taken together, there is a sound biological rationale for 
targeting PI3K pathway in FL (Figure 1).

Pi3k Inhibitor Development in 
Lymphoma
The biggest challenge in PI3K inhibitor (PI3Ki) develop-
ment has been achieving the balance between sufficient 
depth of target inhibition in tumor tissue and dose-limiting 
toxicities. Initially, pan-specific PI3K/mTOR and pan- 
PI3K inhibitors were developed in an attempt to augment 
therapeutic efficacy. However, trials in solid tumors 
demonstrated unacceptable toxicities.5 Isoform-selective 
and isoform-sparing PI3K inhibitors, by circumventing 
intrinsic toxicity of pan-PI3K inhibition and allowing 
exploration of combination therapies, thus, became the 
new focus for research.

Given the prominent role played by p110δ in lymphoid 
malignancies, isoform-specific PI3Kδ inhibitors were 
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investigated. Idelalisib (selective PI3K-δ inhibitor) and 
duvelisib (PI3K δ/γ dual isoform-specific inhibitor) have 
been approved for FL, relapsed/refractory (R/R) after 2 
prior lines of therapy.1,19 Unfortunately, the initial enthu-
siasm concerning these agents was dampened by a high 
incidence of gastrointestinal and immune-mediated 
toxicities.20,21

Copanlisib (BAY 80–6946; Bayer Pharma AG, Berlin, 
Germany) is an intravenous, potent, highly selective, pan- 
class I PI3K inhibitor with preferential activity against the 
p110α and p110δ isoforms, compared with the p110β and 
p110γ isoforms.22 Copanlisib is indicated in the US for the 
treatment of patients with relapsed follicular lymphoma 
(FL) who have received at least two prior systemic 
therapies.23

Preclinical Studies
The in vivo antitumor efficacy (determined as a function 
of tumor growth inhibition) of copanlisib was studied in 
athymic nude rats or nude mice using xenograft models of 

human tumors.22 Following a single intravenous dose of 
6.0L/kg, copanlisib potently inhibited the catalytic activity 
of all class I PI3K isoforms with highest inhibition of α 
and γ isoforms (IC50 values for α, β, γ, and δ isoforms 
were 0.5, 3.7, 6.4, and 0.7 nmol/L, respectively).

This study showed potent antiproliferative activity of 
copanlisib against a diverse panel of human tumor cell 
lines, many of which exhibited constitutively activated 
PI3K signaling.22 Several breast cancer, endometrial can-
cer, and hematologic tumor cell lines were particularly 
sensitive at IC50 values less than 10 nmol/L. Cell prolif-
eration inhibition was thought to correlate with the strong 
activity of copanlisib against the α and δ isoforms.

Pharmacokinetics
Copanlisib exhibited a very large volume of distribution 
(Vss = 32 L/kg) resulting in high tumor penetrance as well 
as a high plasma clearance (3.95 L/kg/hour (h)) and long 
half-life (6.0 h).22 At 48 h, copanlisib levels in tumors 
were 100-fold higher than in plasma. There was a strong 

Figure 1 The PI3K pathway in the context of BCR signaling along with various targets. The BCR pathway is activated through antigen binding followed by recruitment and 
stimulation of LYN/SYK, resulting in phosphorylation of tyrosine residues on adapter proteins on the BCR as well as CD19. This enables the docking of PI3K regulator subunit to the 
BCR and CD19 and activation of the PI3K pathway. Activated PI3K phosphorylates PIP2 into PIP3 which stimulates PH domain signaling molecules including Akt. LYN/SYK also 
activate the BTK pathway which instigates PLCγ2 activation. The result of these processes is intranuclear transcriptional activation promoting cell survival. PTEN is a prominent 
negative regulator of this pathway. Also shown is the role of follicular T-helper cells and the PD-1/PDL-1 pathway. Created with BioRender.com. 
Abbreviations: Akt, a serine/threonine-specific protein kinase; BCR, B-cell receptor; BTK, Bruton tyrosine kinase; CAR, chimeric-antigen receptor; CR, chemokine receptor; 
ERK, extracellular-signal-regulated kinase (major signaling cassette of mitogen-activated kinase pathway); IKK-α/β, inhibitor of NF-κB; IRAK 1/4, interleukin-1 receptor-associated 
kinase 4; JAK, Janus tyrosine kinase; LYN, Lck/yes novel tyrosine kinase; mTOR, mechanistic target of rapamycin; MYD88, myeloid differentiation primary response 88; NEMO, 
NF-κB essential modulator; NFATc1, nuclear factor of activated T-cells cytoplasmic 1; NF-κB, nuclear factor kappa-B; PD-1, programmed death-1; PDL-1, programmed death-1 
ligand; PH, pleckstrin homology; PIP2, phosphatidylinositol 4,5-bisphosphate; PI3K, phosphatidylinositol-3 kinase; PIP3, phosphatidylinositol 3,4,5-triphosphate; PLCγ2, phos-
pholipase C-gamma PTEN, phosphatase and tensin homolog; STAT, signal transducer and activator of transcription; SYK, spleen tyrosine kinase; TLR, toll-like receptor; TRAF6, 
tumor necrosis factor receptor-associated factor 6.
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pharmacokinetic (PK)-pharmacodynamic relationship with 
tumor Copanlisib levels correlating well with inhibition of 
tumor AKT phosphorylation. Levels of pAKT-Ser473 in 
tumors showed more than 90% inhibition at 24 h after 
intravenous dosing and remained suppressed for 48 to 72 
h. pAKT reduction was observed as early as 1 h after 
intravenous dosing. Elimination of copanlisib and its meta-
bolites is predominantly through hepatic metabolism and 
biliary excretion with more than 90% of in vitro metabo-
lism mediated by cytochrome P450 (CYP) 3A4 and less 
than 1% by CYP1A1.24

Aforementioned exposure and other PK parameters 
remained similar following multiple administrations 
(every second day × 5), signifying lack of compound 
accumulation of compound or metabolic process altera-
tions. An alternative dosing schedule of intravenous 
copanlisib twice a day once weekly for also showed 
equivalent antitumor activity.

Subsequently, Paul et al performed PI3K isoform and 
PTEN expression analysis with primary tumors from 45 
FL and 45 DLBCL patients.25 High PI3Kδ expression was 
noted in 87% of FL patients. Only 18% of FL patients 
demonstrated both PI3Kδ and PI3Kα overexpression how-
ever PI3Kα overexpression correlated with a late disease 
stage (p=0.06) and a high Follicular Lymphoma 
International Prognostic Index (FLIPI) risk score (p= 
0.01) indicating PI3Kα contribution to disease progression 
and a prognostic role. Hence, dual inhibition of the α and δ 
isoforms could be especially pertinent in FL with poor 
prognostic features, which, in turn, is more likely to exhi-
bit refractoriness to front-line therapies, paving the way 
for study of copanlisib in the Phase I setting.

Phase I Trials
Patnaik et al conducted the first-in-human study of copan-
lisib in patients with advanced solid tumors and NHL.26 

Fifty-seven patients were treated with copanlisib on days 
1, 8, and 15 of a 28-day cycle. Preclinical studies showed 
a lack of drug accumulation despite multiple doses poten-
tially translating to lower rates of cumulative toxicities. 
This, in conjunction with the observation that pAKT phos-
phorylation remained suppressed 48–72 h post copanlisib 
administration and equivalent efficacy of the twice a day 
weekly schedule with every other day schedule, estab-
lished the clinical rationale for weekly, intermittent dosing. 
The dose escalation cohort included 17 solid-tumor 
patients and 9 NHL patients out of which 6 had FL. The 
maximal tolerated dose (MTD) was 0.8 mg/kg due to 

multiple grade 3–4 dose-limiting toxicities (DLTs) experi-
enced by one patient with metastatic colon carcinoma. 
These DLTs included grade 3–4 transaminitis, grade 4 
hyperglycemia with lactic acidosis, elevated anion gap 
and increased serum ketones, and grade 3 left ventricular 
systolic dysfunction, starting on the day of the first copan-
lisib infusion, resolving after drug discontinuation.

Patients with NHL received a median of 10 treatment 
cycles (range, 1–49 which was higher than that in the 
solid-tumor expansion cohort (median of 2 treatment 
cycles (range, 1–14)). Of note, the longest duration of 
study treatment was received by 2 FL patients, one of 
whom was treated for >4 years before disease progression 
and another who remained on treatment for >3 years (at 
time of data cut off). The NHL patients were heavily 
pretreated, suggesting a better tolerability profile of copan-
lisib in NHL, especially FL.

The aforementioned study also had a distinct cohort for 
patients with Type 2 diabetes mellitus (T2DM) who were 
treated at a lower dose level of 0.4 mg/kg. Most common 
(≥20%) drug-related adverse events (AEs) of any grade 
were hyperglycemia (63%), nausea (37%), and hyperten-
sion (21%). However, both blood glucose and blood pres-
sure elevations were relatively transient returning to 
baseline within 24–48 h.26,27

Copanlisib exhibited a distinct gastrointestinal (GI) 
toxicity profile compared to what was previously seen 
with the orally administered PI3K inhibitors. For the orally 
administered PI3K inhibitors idelalisib and duvelisib, the 
reported incidence of all-grade and grade ≥3 diarrhea 
ranged from 32% to 92% and 9% to 20%, respectively, 
while the reported incidence of grade ≥3 elevations in 
aminotransferases was up to 25%, and serious GI toxicity, 
such as colitis, was reported in 4% of patients. In contrast, 
with copanlisib administration, nausea was the most com-
mon drug-related GI toxicity (37%; all events grade ≤2) 
and diarrhea was less common (all-grades: 16%; grade ≥3: 
2%). Elevated aminotransferases were primarily an inci-
dental laboratory toxicity finding and mostly grade 1. GI 
toxicities were noted to be class effects of PI3K inhibitors, 
however, their reduced incidence and severity associated 
with copanlisib was thought to suggest a beneficial role for 
intravenous administration which would bypass high gut 
concentrations and first-pass metabolism due to oral 
agents. Gedatolisib (PKI-587), another intravenous dual 
PI3K/mTOR inhibitor with pan-PI3K inhibitory activity, 
similarly demonstrated a low incidence of diarrhea and 
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transaminitis supporting the advantage of bypassing the 
gut.28

Another smaller Phase 1 study evaluated 10 Japanese 
patients with advanced or refractory solid tumors.27 

Copanlisib was administered at 0.8 mg/kg. The toxicity 
profile was similar to Patnaik et al albeit with a slightly 
higher incidence of all-grade hypertension (70% vs 21%) 
and hyperglycemia (80% vs 63%), respectively.

Overall, Copanlisib was noted to be safe with 
a significantly lower GI toxicity rate as compared to the 
commercially available oral PI3K inhibitors.

Phase II Trials
CHRONOS-1 was a pivotal phase II trial of copanlisib in 
relapsed/refractory aggressive and indolent lymphomas. In 
Part A, 33 patients with indolent lymphoma and 51 with 
aggressive lymphoma received copanlisib at a dose of 
0.8 mg/kg intravenously over a 1-h infusion on days 1, 
8, and 15 of a 28-day cycle.29 FL comprised 48.5% of 
patients. Most patients (78.6%) had received prior ritux-
imab and 54.8% were rituximab-refractory. Median dura-
tion of treatment was 23 and 8 weeks in the indolent and 
aggressive cohorts, respectively. Of 80 patients evaluable 
for efficacy, the objective response rate (ORR) was 43.7% 
in the indolent cohort and 27.1% in the aggressive cohort 
with a median progression-free survival (PFS) of 9.7 and 
2.3 months and median duration of response (DOR) of 
12.8 and 5.5 months, respectively. The ORR of 40% in FL 
patients was slightly lower than reported with idelalisib 
(48–57%) in a similar indolent lymphoma population.30,31 

The AE profile was consistent with that noted in phase 
I studies, with the most common being hyperglycemia 
(57.1%; grade ≥3, 23.8%) and hypertension (54.8%; 
grade ≥3, 40.5%). Diarrhea was more frequent than noted 
in phase 1 trials with an incidence of 40.5% (grade ≥3, 
4.8%). However, as in phase 1 studies, both hyperglycemia 
and hypertension were transient, with blood pressure peak-
ing 1 to 2 h after the start of infusion, and plasma glucose 
levels peaking 5 to 8 h after the start of infusion, followed 
by a decline to baseline levels. Neither of these required 
treatment discontinuations. Neutropenia also occurred in 
28.6% of patients (grade 4, 11.9%). Copanlisib dosage and 
administration schedule was as established in phase 1 
studies (0.8 mg/kg on days 1, 8, and 15 of a 28-day cycle).

The authors also conducted tumor gene expression and 
mutation analyses that confirmed low prevalence of 
PIK3CA mutations and frequent upregulation of PI3K 
pathway gene expression in lymphomas. Copanlisib 

exhibited increased antitumor activity in cases with acti-
vated PI3K/BCR signaling and this, taken together with 
low expression of unfavorable tumor microenvironment 
genes, was a proof-of-principle for its mechanism of 
action. Based on these results, the efficacy of copanlisib 
was studied in an extension cohort of patients with indo-
lent lymphoma (Part B).

CHRONOS-1 part B included relapsed/refractory indo-
lent lymphoma patients and the and safety of copanlisib 
(60 mg IV dose), based on promising results noted in part 
A.32 The study accrued 142 patients relapsed/refractory 
after at least 2 prior lines of therapy; 104 patients had 
FL (73%) and 23 (16.2%) had MZL. The ORR was 58.7% 
vs 70% with complete remissions (CR) in 14.4% vs 9%, 
respectively, in FL versus marginal zone lymphoma 
(MZL). Median DOR was 22.6 months, and the median 
PFS was 11.2 months. High expression of PI3K/BCR 
pathway genes was found in 75% of evaluated patients 
with an ORR, including 6 of 8 with a CR, and in 25 of 33 
(76%) evaluable patients with FL with an objective 
response and in 5 of 6 with a CR. 9 of 17 FL (53%) 
patients with low PI3K/BCR gene expression did not 
respond to copanlisib (stable (SD) or progressive disease 
(PD) or tumors that were not evaluable for gene expression 
profiling) while only 12 of 37 FL (32.4%) patients with 
high PI3K/BCR expression were non-responders. 
Upregulation of PI3K pathway genes, hence, appears to 
portend an improved response to copanlisib. Most com-
mon AEs were transient hyperglycemia (41%) and transi-
ent hypertension (24%).

Of the FL subset, 62% were refractory to their last 
regimen.30 Patients had received a median of 3 prior 
lines of treatment. In addition to an ORR of 58.7%, 
44.2% patients had a partial response (PR). The median 
DOR was 12.2 months in patients with CR or PR. Most 
patients were able to remain on treatment with median 
duration of treatment being 22 weeks and 32% patients 
remaining on treatment at the initial data cut off of 
June 2016. Most common AEs were (all grade/grade 3+): 
diarrhea (34%/5%), neutropenia (30%/24%), fatigue 
(30%/2%), and fever (25%/4%). Hyperglycemia (50%/ 
41%) and hypertension (30%/24%) were transient. All 
toxicities were manageable, with a low incidence of severe 
AEs associated with other PI3K inhibitors, especially 
hepatic enzymopathy, opportunistic infections, and colitis.

A 2-year updated analysis of CHRONOS-1 supported 
continued efficacy and safety benefit for copanlisib in 
relapsed/refractory indolent lymphomas.33 The efficacy 
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analysis showed an improved ORR of 60.6% with 24 CRs 
and 62 PRs as compared to 21 CRs and 40 PRs at the time of 
primary analysis. There were 3 new CRs since primary 
analysis and 4 partial responses that became CR endpoints 
of median DOR, PFS, and overall survival (OS) were 14.1 
months (median follow-up, 16.1 months), 12.5 months 
(median follow-up, 14.0 months), and 42.6 months (median 
follow-up, 31.5 months), respectively. Median safety follow- 
up was 6.7 months and 26% of patients received treatment 
for more than 1 year. Common treatment-emergent adverse 
events (TEAEs) (all grade/grade 3/grade 4) were transient 
hyperglycemia (50.0%/33.1%/7.0%), diarrhea (35.2%/8.5%/ 
0%), transient hypertension (29.6%/23.9%/0%), and neutro-
penia (28.9%/9.2%/14.8%). These serious AEs were largely 
unchanged, with no new cases of pneumonitis (4.2%), diar-
rhea (2.8%), or grade 5 events. Unlike orally administered 
PI3K inhibitors, there were no black box warnings or chronic 
adverse events. These long-term data are highly encouraging 
with improving responses without new safety concerns.

Phase III Trials
Ongoing phase III trials using copanlisib in indolent lympho-
mas include CHRONOS-2 (NCT02369016), CHRONOS-3 
(NCT02367040) and CHRONOS-4 (NCT02626455) (Table 
1), all of which are currently active. CHRONOS-2 is 
a randomized, double-blind phase III Study of copanlisib 
versus placebo in patients with rituximab-refractory indolent 
NHL.34 CHRONOS-3 and 4 aim to evaluate efficacy of 

copanlisib in combination with other therapies for relapsed 
iNHLs (with rituximab and standard chemo-immunotherapy 
RCHOP or BR, respectively).

Administration
CHRONOS-1 study established that copanlisib can be admi-
nistered in the outpatient setting at 60 mg intravenously 
infused over 1 h on days 1, 8, and 15 of a 28-day cycle 
with treatment continuation until unacceptable toxicity or 
disease progression. There is no requirement for pre- 
medications.

Given the predominant hepatic elimination of 
copanlisib,24 concomitant use of copanlisib with a strong 
CYP3A inducer should be avoided and the package insert 
recommends a dose decrement to 45 mg in this setting. 
Manufacturers also recommend a dose decrease to 45 mg 
in case with moderate hepatic impairment (Child Pugh Class 
B). The pharmacokinetics of copanlisib in severe hepatic 
(Child Pugh Class C) and renal impairment (creatinine clear-
ance < 30 mL/min, with or without dialysis) are unknown 
and no dosage adjustments provided in the package insert.23

Safety Profile
Zinzani et al published a pooled safety analyses from eight 
phase I and phase II studies of copanlisib in 364 patients 
with hematologic malignancies, out of which 42% (n= 
153) had FL.35 These updated data reported all-grade 
TEAEs in 97.8% of patients with grade 3 or 4 TEAEs in 

Table 1 Ongoing Phase III Trials Studying Copanlisib in NHL

NCT Identifier Phase Agent(s) Indication Actual Study 
Start date

Estimated 
Study 
Completion

Sponsor/ 
Country

Status Planned 
Accrual/ 
Actual 
Enrollment

NCT02369016 

CHRONOS-2
III Copanlisib vs 

placebo

Rituximab- 

refractory 
iNHL, 3rd 

line

September 22, 

2015

November 30, 

2020

Bayer/ 

International

Active/ 

Not 
recruiting

189/25

NCT02367040 

CHRONOS-3
III Copanlisib + 

rituximab vs 

placebo + 
rituximab

Relapsed 

iNHL

August 3, 2015 September 30, 

2021

Bayer/ 

International

Active/ 

Not 

recruiting

514/458

NCT02626455 
CHRONOS-4

III Copanlisib + 
chemo- 

immunotherapy 

(BR or RCHOP) vs 
placebo + BR/ 

RCHOP

Relapsed 
iNHL

January 6, 2016 April 12, 2022 Bayer/ 
International

Active/ 
Not 

recruiting

724/551
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51.4% and 24.7% of patients, respectively. Of these, 
copanlisib-related TEAEs of all grades were reported for 
88.7% patients with grade 3 and 4 events occurring in 
54.1% and 18.4% of patients, respectively. The most com-
mon (≥20%) TEAEs (all grade/g3/g4) were hyperglycemia 
(50.5%/28.3%/4.4%), hypertension (38.7%/29.1%/0%), 
and diarrhea (37.1%/4.9%/0%). Hyperglycemia and hyper-
tension were infusion-related, transient, and manageable. 
Of note, AEs were commonly reported early with a greater 
incidence occurring at ≤180 days with no increased inci-
dence of grade 3 or higher events with prolonged expo-
sure, apart from diarrhea. Patients treated for more than 
1 year exhibited a similar adverse event trend as 22 
patients who were treated for more than 2 years, despite 
prolonged exposure in the latter group, indicating low rates 
of cumulative toxicity and a favorable long-term safety 
profile. Diarrhea was an exception, as mentioned above, 
and the incidence of grade 3 diarrheal events increased 
with prolonged exposure, occurring at 8.9% at ≤180 days, 
7.1% between 181 and 360 days, and increasing to 12.5% 
at ≥361 days. Pneumonitis was infrequent (all grade and 
grade 3 or higher 5.2% and 2.7%, respectively, without 
a significant increase in incidence in patients treated for 
more than 1 year (10.7%/3.6%). Serious adverse events 
(SAEs) trends paralleled TEAEs. As high as 10.7% 
patients (n=39) died either during copanlisib treatment or 
within 35 days post discontinuation of treatment; however, 
that was most commonly due to disease progression 
(4.7%) and not deemed a drug-effect. In distinction to 
inflammatory AEs noted with oral PI3K inhibitors, there 
were no grade 4 late-onset colitis, hepatotoxicity, or other 
intestinal toxicity that occurred after 6 months of copanli-
sib treatment. Overall, these data provide evidence for the 
manageable safety profile of long-term copanlisib treat-
ment, with no late-onset toxicities or worsening of severity 
of TEAEs, few severe gastrointestinal TEAEs, and no new 
unexpected safety signals.

Hyperglycemia
Transient hyperglycemia is a predictable, on-target effect 
of PI3Kα inhibition due to abrogation of downstream 
insulin receptor signaling.17 The p110α isozyme and 
AKT2 mediate insulin-driven glucose uptake in muscle, 
liver, and fat cells, mainly attributable to the translocation 
of glucose transporters (GLUT) to the plasma membrane. 
As a result, acute, systemic inhibition of PI3Kα/AKT 
blocks insulin action, preventing glucose uptake in adipose 
tissue and skeletal muscle, and promoting hepatic 

gluconeogenesis through glycogenolysis. The resultant 
hyperglycemia is transient due to insulin feedback and 
compensatory insulin release from the pancreas resulting 
in normalization of glucose levels.5,35,36

Grade 3 or 4 hyperglycemia (blood glucose 250 mg/dL 
or greater) occurred in 32.7% of 364 patients with hema-
tologic malignancies treated with copanlisib, with serious 
hyperglycemic events occurring in 4.1% of patients.37 

Infusion-related hyperglycemia, peaking about 5 to 8 
h post copanlisib infusion, was noted in both diabetic 
and non-diabetic patients in the phase I first-in-human 
trial of copanlisib by Patnaik et al as well as the phase 1 
pharmacodynamic study by Morschhauser et al.26,38 

Plasma glucose levels returned to baseline within 24 h. 
Similar results regarding onset, peak, and nadir of glucose 
elevation were demonstrated in the phase IIB CHRONOS- 
I study.32 Only 17.7% of patients exhibited elevated blood 
glucose levels 1 day after infusion.23 The prevalence of 
hyperglycemia decreases after the 1st cycle (48.48%) and 
remains relatively constant (6.9 to 16.1%) during subse-
quent cycles which is possibly due to down-regulation of 
alpha receptors and development of glycemic tolerance. 
Hemoglobin A1c (HgbA1c) values do show an overall 
increase during copanlisib treatment indicating 
a cumulative effect. The mean HgbA1c values increment 
was 0.64 in diabetics and 0.50 in non-diabetics.39 

However, HgbA1c values 3 months after drug discontinua-
tion were not reported in this study (the time when post- 
treatment changes in glycated hemoglobin would be 
expected to emerge).35 In pooled analyses, of 155 patients 
with baseline HbA1c <5.7%, 10% had HbA1c >6.5% after 
about 15 cycles; however, the time to normalization of 
HgbA1c is unclear.23 Reassuringly, hyperglycemia, both 
as a TEAE and SAE, emerges early during the treatment 
course (higher incidence ≤180 days) and there is no 
increased incidence of grade 3 or higher events with pro-
longed exposure.37 In patients with pre-existing diabetes 
(n=20 in CHRONOS-I) however, incidence of all-grade 
hyperglycemia was nearly twice that seen in the non- 
diabetic cohort (85% vs 44.3%) likely due to blunting of 
the insulin feedback loop from insulin resistance, with 
35% (n=7) patients developing grade 4 hyperglycemia 
and two discontinuing treatment due to it.39 Interestingly, 
the ORR, PFS, and median DOR were lower in the dia-
betic subset as compared to the non-diabetic subset (40% 
vs >60%; 7.2 months vs 13.8 months; 7.1 months vs 14.9 
months, respectively); however, the study was not pow-
ered to detect such an efficacy difference.
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In clinical trials, stringent glucose monitoring was done 
pre- and post-copanlisib infusion, and monitoring was 
continued on days 2 and 3. In the phase I study, patients 
also fasted for 8 h prior to copanlisib infusion and up to 
3 h post-infusion.26 Cheson et al35 recommended against 
immediate post-infusion glucose monitoring in non- 
diabetic patients, although blood glucose levels could be 
re-checked 24 h post infusion at the clinician’s discretion. 
The use of insulin for management of infusion-related 
hyperglycemia is not recommended in insulin-naïve, non- 
diabetic patients given transient nature of hyperglycemia 
which could normalize before onset of action of insulin 
and risk of hypoglycemia. In CHRONOS-I, insulin was 
administered to 17 out of 84 patients to manage infusion- 
related hyperglycemia; however, owing to hypoglycemic 
events following short-acting insulin use, further recom-
mendations were to use only intravenous hydration in 
insulin-naive patients.35

In patients at risk for diabetes, including those with 
obesity and/or a family history of diabetes, HbA1c screen-
ing is recommended to be performed prior to treatment to 
identify prediabetic or uncontrolled diabetic patients. In 
newly or previously diagnosed diabetic patients, it is 
imperative to ensure adequate glycemic control prior to 
initiation of copanlisib which requires close consultation 
with the patient’s primary care provider or endocrinologist. 
Consideration should be given to use oral diabetic agents, 
in particular, sodium-glucose co-transporter-2 (SGLT-2) 
inhibitors and adherence to American diabetic association 
(ADA) recommended diabetic diet should be encouraged 
pre-and post-infusion. Post-infusion glucose monitoring 
for several hours is recommended in diabetic patients; 
however, the optimal duration of monitoring has not yet 
been determined.35

Role of Ketogenic Diet, Metformin, and 
SGLT-2 Inhibitors
It has been hypothesized that the insulin feedback induced 
by PI3K inhibitors may reactivate the PI3K-mTOR signal-
ing axis in tumors, thereby compromising treatment effec-
tiveness. Hopkins et al, in mouse tumor models, reported 
on dietary and pharmaceutical strategies aimed at prevent-
ing insulin feedback and in turn, enhancing the efficacy 
and reduce the toxicity of PI3K inhibitors.36,40 These 
included the antidiabetic drug metformin, which increases 
insulin sensitivity and reduces insulin levels; sodium glu-
cose cotransporter 2 (SGLT2) inhibitors, which reduce 

glucose reabsorption in kidney tubules; and a ketogenic 
diet, which depletes glycogen stores and thus limits the 
acute hepatic glucose efflux upon PI3K inhibition. In pre-
clinical animal models, SGLT2 inhibitors and a ketogenic 
diet prevented insulin feedback and enhanced the antitu-
mor effect of PI3K pathway inhibitors in both PIK3CA- 
mutant and PIK3CA wild-type tumors. Although, yet to be 
tested clinically, should a diabetic patient need pharma-
cotherapy for adequate pre-treatment glucose control, 
strong consideration should be given to initiation of 
SGLT-2 inhibitors.

Based on the aforementioned data, the FDA-approved 
package insert recommends to withhold copanlisib in 
patients with a pre-infusion fasting plasma glucose of 
≥160 mg/dL or a random glucose of ≥200 mg/dL until 
the fasting glucose is ≤160 mg/dL or the random glucose 
is ≤200 mg/dL. For those patients with a post-dose blood 
glucose ≥500 mg/dL, on first occurrence, copanlisib 
should be withheld until the fasting glucose is ≤160 mg/ 
dL or the random blood glucose is ≤200 mg/dL. Dose 
reductions (60 mg to 45 mg and then to 30 mg) or dis-
continuation should only be considered in situations of 
severe or recurrent events or if progressive metabolic 
derangement persists after therapeutic interventions have 
been attempted for a sufficient duration per a National 
Cancer Institute task force.41

Hypertension
In updated pooled analyses of patients with hematologic 
malignancies treated with copanlisib, transient, infusion- 
related hypertension of all grades occurred in 38.7% 
(n-364) of patients. Grade 3 hypertension was seen in 
29.1% of patients with no grade 4 events.37

Hypertension was not a previously reported AE for 
other pan-PI3K inhibitors. In the phase I trials, multiple 
factors were posited by the authors to account for this AE 
including frequent monitoring, dysregulation of endothe-
lial-derived vasoconstriction, and dilators based on periph-
eral vasoconstriction noted in laboratory animals following 
copanlisib administration, and acute insulin elevation and 
resultant vasoconstriction due to PI3K blockade.26,27

All-grade hypertension was noted in 43.9% of hyper-
tensive patients in CHRONOS-1-part B and was princi-
pally grade 3 (39.0%), compared to 23.8% and 17.8%, 
respectively, in non-hypertensives. No grade 4 hyperten-
sion events were noted and 1 patient discontinued treat-
ment due to grade 2 hypertension. There were 2 grade 3 
cardiac-related events (atrial fibrillation and left 
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ventricular dysfunction) and one grade 4 event (arrhyth-
mia) in the hypertensive group.39 The authors also noted 
a longer PFS and DOR in the hypertensive cohort as 
compared to the non-hypertensive patients (19 and 22.6 
mos vs 11.3 and 10.9 mos, respectively).

Similar to hyperglycemia, hypertension associated with 
copanlisib appears to be infusion-related and consistent 
with an on-target effect. Blood pressures (BP) peak 
2 h post-infusion and normalize within 24 h.23,35 The 
mean change of systolic and diastolic BP from baseline 
to 2 h post-infusion on Cycle 1 Day 1 was 16.8 mmHg and 
7.8 mmHg, respectively. The mean BP usually starts to 
decrease approximately 2 h post-infusion and BP may 
remain elevated for 6 to 8 h after the start of the infusion.

Optimal BP control should be achieved before initiat-
ing copanlisib with dietary or pharmacologic measures. 
In CHRONOS-I, antihypertensive use was permitted 
based on investigator clinical judgment.32 It is recom-
mended to monitor BP pre- and post-infusion. For 
patients with a pre-dose BP of ≥150/90 mm Hg, the 
recommendation is to hold copanlisib until 2 consecutive 
readings of <150/90 mm Hg have been achieved, mea-
sured at least 15 min apart. The decision of whether to 
treat copanlisib-induced hypertension with antihyperten-
sive therapy should be individualized based on baseline 
blood pressure, the severity of blood pressure elevation 
during treatment, and preexisting cardiovascular risk fac-
tors (eg, diabetes or chronic kidney disease) or cardio-
vascular disease (eg, ischemic heart disease, stroke or 
transient ischemic attack, peripheral vascular disease, or 
heart failure). Given the short, anticipated duration of 
elevated blood pressure secondary to copanlisib treat-
ment, short-acting antihypertensives are preferred. For 
patients with a post-dose blood pressure of <150/ 
90 mm Hg, if antihypertensive therapy was not required, 
copanlisib should be continued at the previous dose. 
However, if blood pressure remains uncontrolled (≥150/ 
90 mm Hg) despite initiation or optimization of antihy-
pertensive therapy, copanlisib can be reduced from 60 to 
45 mg, or from 45 to 30 mg.23,35

Whereas the hypertensive cohort exhibited similar 
ORR of 61% vs 60.4%; the PFS and DOR appeared to 
be longer at 19 months vs 11.3 months, and 22.6 months 
vs 10.9 months, respectively.

In summary, treatment-related hyperglycemia and 
hypertension are common infusion-related side effects of 
copanlisib with a greater incidence in those patients with 
these pre-existing conditions; however, these were mostly 

lower grade and manageable. Hyperglycemic events in 
diabetic patients were not severe, not associated with 
ketoacidosis states and did not impact overall glycemic 
control with only minor increases in A1c values from 
baseline. Treatment discontinuations due to these AEs 
were uncommon. Overall, data support the low likelihood 
of these adverse events translating into long-term conse-
quences and support use of copanlisib in indolent lym-
phoma patients with well-controlled diabetes or 
hypertension.

Diarrhea
PI3K activation in leukocytes is predominantly mediated 
by p110γ and p110δ isoforms which produce phosphatidy-
linositol (3,4,5)-trisphosphate (PIP3) following receptor 
engagement. This signal transduction can act as an activa-
tion or dampening switch for immune response depending 
on the receptor, the cell type, and the degree of PI3K 
activation. p110α and p110β are also expressed in immune 
cells; however, their roles are restricted.5 Overall, PI3K 
inhibition causes immune reprogramming and a pro- 
inflammatory effect however these effects are predomi-
nantly mediated by the p110δ isoform.

Inactivation of p110δ impairs differentiation of effector 
CD4+ and CD8+ T cells, yet also impairs regulatory T-cell 
(Treg) function. This Treg defect has been thought to be 
responsible for the autoimmune colitis that develops in 
p110δ-deficient mice and likewise, to mediate diarrhea 
and colitis which are frequent side effects of idelalisib (a 
PI3Kδ inhibitor).5 The principal action of copanlisib on 
the α and γ isoforms as well the intravenous route of 
administration could contribute to the lower incidence of 
GI toxicity seen with this drug.

In pooled analyses, all-grade diarrhea occurred in 
37.1% of 364 patients treated with copanlisib; however, 
grade 3 events were significantly lower at 4.9% in com-
parison to 13–14% seen with idelalisib and duvelisib.21,31 

There were no grade 4 diarrhea events.37 This finding is in 
contrast to the oral agents idelalisib and duvelisib where 
grade 3 diarrheal events were seen in 14% and 18% of 
patients, respectively.35 Also, both of these oral agents 
carry FDA Black Box warnings for severe diarrhea or 
colitis. Interestingly, the incidence of diarrhea as a grade 
3 event did increase with prolonged exposure to copanlisib 
with a rate of 3% at ≤180days, 4.2% at 181–360 days, and 
12.5% at >360 days. This trend is unlike what has been 
noted for hyperglycemia and hypertension. The difference 
could be due to the fact that hypertension and 
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hyperglycemia are on-target effects while diarrhea is likely 
due to durable immune perturbances caused by copanlisib.

In patients with grade 3 diarrhea, copanlisib should be 
withheld until diarrhea resolves to grade 1 or better and the 
drug should be restarted at 45 mg. If diarrhea of grade 3 or 
worse recurs, copanlisib should be discontinued.

Infections
Due to the high incidence of infections seen with idelali-
sib, close monitoring for infectious complications was 
done in CHRONOS-I. Copanlisib was found to be asso-
ciated with relatively low rates of myelosuppression and 
pulmonary infections in the trial. All grade, grade 3, and 
grade 4 neutropenia in pooled analysis was noted to be 
23.1%, 9.3%, and 9.6%, respectively. Of 142 patients in 
the CHRONOS-1 Part B trial, there were 2 (1.4%) patients 
with a grade 3 upper respiratory infection; 9.9% of patients 
had grade 3 or 4 (1.4% grade 4) pneumonia, and there was 
a single (0.7% of patients) death from lung infection that 
was considered to be treatment-related. Prophylaxis was 
not routinely given to subjects receiving copanlisib as 
a monotherapy in CHRONOS-1, although 18 patients did 
receive it at the investigator’s discretion. In pooled ana-
lyses, pneumonia was the most frequent SAE with 
a frequency of pneumonia 6.0% (all grade) and 5.5% 
(grade 3 or higher). Given infrequency of pneumonia dur-
ing therapy, routine prophylaxis is not recommended 
(unlike idelalisib); however, absolute neutrophil counts 
are recommended to be monitored weekly, and treatment 
should be withheld if the absolute neutrophil count (ANC) 
is less than 0.5 × 103 cells/mm3.35 When ANC is greater 
than 0.5 x 103 cells/mm3, it is recommended to resume 
copanlisib at the previous dose. However, if the grade 4 
neutropenia recurs, a dose-reduction to 45 mg is recom-
mended. Granulocyte colony-stimulating factor (G-CSF) 
has not been routinely used in clinical trials and use is 
not standardized. If a patient has shown a good response to 
copanlisib, G-CSF could be used to maximize treatment 
duration especially given the R/R setting and decisions 
should be individualized for the patients.

Early Progressing FL
Recent data have highlighted that the strongest predictor of 
long-term FL outcomes is the length of first remission 
after front-line therapy. Patients with disease progression 
within 24 months of completing induction chemoimmu-
notherapy with R-CHOP, R-CHOP like regimens, or ritux-
imab-based immunotherapy doublets (POD24) have 

inferior OS compared with those with longer remission 
durations.42,43 Idelalisib has previously been shown to 
have clinical activity in POD24 FL patients (n=46; 
POD24=37) with an ORR of 56.7%, including 5 (13.5%) 
CRs and mPFS of 11.1 mos,44 which was equivalent to 
that noted in non-POD24 patients (ORR 54%). Similarly, 
exploratory analysis from the CHRONOS-1 data showed 
robust activity of copanlisib in POD24 patients (n=104; 
POD24=37) and comparable to that noted in the non- 
POD24 cohort (n=68; ORR 60.3%).45 ORR and CR rates 
were slightly higher than that seen with idelalisib at 58.9% 
and 17.7% (n=6) however given small numbers in both 
studies, meaningful comparisons cannot be drawn. mPFS 
and mOS were similar in both groups: 11.3 vs 10.8 mos 
and 38.3 vs 31.0 mos, in non-POD24 and POD24, respec-
tively. Results were similar in patients previously treated 
with R-CHOP. These data emphasize that the efficacy of 
copanlisib is not impacted by POD24 status and can offset 
the inferior survival noted in this high-risk group in pre-
vious trials and this finding should be further characterized 
in larger patient samples to ensure generalizability.

Discussion
PI3K inhibitors are approved for treatment of R/R FL in 
the third-line setting. Copanlisib is unique in this class in 
that it is a pan–class I PI3K inhibitor, with preferential 
inhibitory activity against the PI3Kα and PI3Kδ isoforms. 
It is an intravenous drug that is administered weekly, 
whereas the other FDA-approved PI3K inhibitors (idelali-
sib and duvelisib) are oral formulations with twice-daily 
dosing.

Despite the intravenous route of administration, copan-
lisib provides an advantage over the oral agents given an 
extremely favorable toxicity profile and lack of cumula-
tive, progressive, long-term toxicities, while maintaining 
efficacy. The intermittent dosing schedule has been 
designed to achieve optimal target inhibition within the 
tumor while sparing normal tissue, a strategy which was 
shown to be more effective than continuous dosing in mice 
bearing breast cancer xenografts. Weekly dosing along 
with isoform inhibition preference results in the distinctive 
AE profile of copanlisib and confers an advantage over the 
approved oral PI3K inhibitors – idelalisib and duvelisib. 
PI3Kδ inhibition is linked to myelosuppression, transami-
nitis, and autoimmune toxicities and both idelalisib and 
duvelisib are associated with a prohibitive, treatment- 
limiting toxicity and carry boxed warnings. 
Immunosuppression-related toxic effects, including 
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infections, have been noted to be higher in real-world 
outcomes study of idelalisib, as compared to those 
observed in trials, likely due to frequent dose reductions 
and exclusion of patients with ongoing infections in the 
trial setting.20 This toxicity profile counterweighs the fea-
sibility of oral agents.

Dual PI3K α and δ inhibition is also an astute strategy 
for overcoming PI3K resistance. Iyengar et al studied 
PI3K class IA isoforms in primary patient mantle cell 
lymphoma samples and demonstrated that although 
p110δ was widely overexpressed, p110α expression was 
variable, and significant increases occurred with disease 
progression.46,47 Further, combined inhibition of p110-α 
and p110-δ isoforms was noted to be a more effective 
strategy for inhibiting constitutive PI3K activation in cell 
lines. Whole-exome sequencing identified PI3KCA gain- 
of-function mutations (N345K, P539R, E970K) in 3 inde-
pendently generated idelalisib-resistant WSU-FSCCL FL 
cell line clones and compensatory activation in SFK and 
WNT pathways indicating a mechanistic role of p110α in 
resistance.48 Hence, simultaneous targeting of both PI3K-α 
and PI3K-δ could bypass this resistance mechanism.

Regarding concerns of financial toxicity incurred on 
patients due to intravenous dosing, a budget impact 
model noted that over a 1-year period, addition of copan-
lisib to a formulary resulted in a small increase in total 
budget of $242,641, corresponding to $0.02 per patient per 
month. This assessment accounted for a concurrent 
increase in the use of obinutuzumab plus bendamustine 
and lenalidomide plus rituximab. The analysis concluded 
that the addition of copanlisib was an affordable option for 
payers thus alleviating, to some extent, concerns of finan-
cial toxicity incurred on the patients.49 The more favorable 
safety profile of copanlisib compared to other agents in its 
class without late-onset or treatment-limiting toxicities 
makes it an agent with immense clinical utility and sig-
nificance in the third-line setting.

Optimal sequencing of therapies in R/R FL remains 
unknown. Existing and evolving prognostic models utilize 
clinical,50,51 gene mutation status52 or gene expression 
profiling53 of the tumor microenvironment to predict FL 
outcomes. The prognostic value of the clinicogenetic risk 
models is dependent on the therapeutic regimen. These 
perform inadequately in predicting early progression42 

and are not prognostic in patients who receive chemo- 
free regimens upfront.54 A 23-gene predictive score devel-
oped in the post-rituximab era was able to identify a high- 
risk FL population which was at an increased risk of 

progression after frontline rituximab-chemotherapy, inde-
pendent of rituximab maintenance and FLIPI score.53 

However, given that novel agents can interfere with gene 
expression signatures in both tumor B-cells and their 
microenvironment, its validity in this scenario needs 
further investigation.

In the absence of a universal prediction model, posi-
tioning of copanlisib in the R/R setting is dependent on 
individualized risk-benefit assessment which should 
account for patient’s disease status whether relapsed or 
refractory, tumor burden, presence or absence of transfor-
mation, performance status, and co-existing medical con-
ditions especially diabetes or hypertension. Low-risk 
patients (non-chemo-refractory, non-POD24, low tumor 
burden, etc.) could benefit from shorter duration and less 
toxic therapy whereas high-risk patients should ideally be 
referred for clinical trials including those evaluating chi-
meric-antigen receptor modified T (CAR-T) cell therapy.55 

Anti-CD19 CAR-T cell therapy has shown high ORR and 
CR rates in both progressive and transformed FL and 
could be considered for high-risk R/R FL patients espe-
cially those who are young and with high tumor burden, 
given increased durable complete remission rates.56 

Copanlisib could be considered in older patients desiring 
to avoid the side-effects associated with lymphodepleting 
chemotherapy or cytokine release syndrome seen with 
CAR-T cells.

Future Directions
Acquired and inherent drug resistance is always a potential 
concern with monotherapy leading to further investiga-
tions of copanlisib as combination therapy. Based on pre-
clinical studies, potential drug combinations include 
chemotherapy, immune-checkpoint inhibitors (ICIs), bcl- 
2 inhibitors, and other kinase inhibitors. In vitro studies of 
idelalisib showed augmented DNA damage when it was 
used with bendamustine providing a therapeutic rationale 
for administration of PI3Kis concomitantly with 
chemotherapy.57 CHRONOS-4 is investigating use of 
copanlisib with standard chemoimmunotherapy (B-R or 
R-CHOP) and a phase 1 study (NCT04156828) is asses-
sing R-CGD (carboplatin, gemcitabine, and dexametha-
sone) with copanlisib for R/R grade 3b FL and DLBCL. 
The role of ICIs is also being examined in lymphoid 
malignancies and the anti-PD1 antibody nivolumab has 
shown an ORR of 40% as a single-agent in R/R FL.58 

PI3Kδ inhibition is thought to abrogate T-cell immune 
tolerance to cancer, leading to potential for combination 
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with ICIs.59 A study of duvelisib with immune checkpoint 
(anti-PD-1, RMP1-14) or co-stimulatory (anti-OX40, 
clone OX86) antibodies in a murine B-cell lymphoma 
model showed that the combination of duvelisib with anti- 
PD1 antibodies caused synergistic tumor regression as 
well as development of immune memory that prohibited 
new tumor growth upon oncogenic rechallenge in mice 
treated with the combination.60 The lack of autoimmune 
AEs with copanlisib as compared to idelalisib or duvelisib 
makes it a more favorable PI3K inhibitor for use with ICIs 
and a phase 1B trial is assessing the safety and efficacy of 
nivolumab in combination with copanlisib in advanced 
solid tumors and lymphomas.61

Clinical trials utilizing combinations of idelalisib with 
immunomodulatory agents, anti-CD20 monoclonal antibo-
dies and, kinase inhibitors have shown undue toxicities. The 
phase 1 Alliance trial- A051202, evaluating the combina-
tion of idelalisib, lenalidomide, and rituximab in R/R/FL 
had to be terminated due to dose-limiting rash, transamini-
tis, and infections.62 A trial of idelalisib with bendamustine 
and rituximab was conducted in R/R chronic lymphocytic 
leukemia exhibited increased rates of serious adverse events 
of febrile neutropenia, pneumonia, and pyrexia in the ide-
lalisib cohort versus placebo, including 6 deaths attributed 
to infections with idelalisib.63 Similarly, combination of 
idelalisib with a SYK inhibitor, entospletinib, resulted in 
high rates of treatment-emergent, life-threatening, and fatal 
pneumonitis.64 With the improved safety profile of copanli-
sib, these combinations could be revisited.

Another promising research direction is combining 
copanlisib with the bcl-2 inhibitor venetoclax, supported by 
preclinical data showing synergy between PI3K α/δ inhibi-
tion with BCL-2 blockade in some DLBCL subtypes. 
Concurrent bcl-2 and PI3K inhibition has also been able to 
overcome acquired venetoclax resistance in vitro.65 A recent 
cell-viability screen identified venetoclax as the strongest 
partner for copanlisib in B-cell lymphomas66 and this pre-
clinical foundation has led to the SAKK 66/18 phase 1 study 
(NCT03886649) exploring the combination of copanlisib 
and venetoclax in relapsed/refractory lymphomas.

The potential for translation of in vitro synergy to 
efficacious therapeutic combinations is promising and 
could lead to wider applications of copanlisib in FL.

Newer PI3k Inhibitors
The established efficacy of PI3K inhibitors in lymphoid 
malignancies has been often overshadowed by their 
adverse event profile (Table 2). There is a need for safe 

and tolerable PI3K inhibitors with equivalent efficacy and 
improved feasibility. This has led to the development of 
umbralisib (TGR-1202) and ME-40, both of which are oral 
PI3Kis with once daily administration schedules. 
Umbralisib is a dual inhibitor of PI3Kδ and casein 
kinase-1-ε which has shown a 53% ORR in R/R FL in 
a phase 1 dose escalation trial (FL n=22).67 Updated safety 
data from the UNITY trial show that, similar to the idela-
lisib and duvelisib studies, the most frequent AEs were 
diarrhea (44%), nausea (39%), and fatigue (35%);68 how-
ever, the incidence of grade 3 or higher adverse events was 
lower (2–9% grade ≥3 diarrhea on the umbralisib mono-
therapy study. Of note, late onset diarrhea or colitis com-
monly seen with first-generation PI3Kδ inhibitors was 
uncommon. In patients who had been on umbralisib for 
at least 6 months (n=167, median umbralisib exposure 
15.6 mos; range 6.4–60.6 mos), the incidence of diarrhea 
remained low with a 25% incidence of all grade diarrhea 
of which only 7% were grade 3 or higher. Umbralisib is 
currently being studied in UNITY-CLL Phase 3 rando-
mized trial (NCT02612311) and UNITY-NHL Phase 2b 
randomized trial (NCT02793583).

ME-401 is a PI3Ki selective for p110δ and is currently 
being investigated in the phase 1b (NCT02914938) and II 
(TIDAL study, NCT03768505) setting. The phase 1b 
study is evaluating ME-401 as both monotherapy and in 
combination with rituximab or the BTK inhibitor zanubru-
tinib with a continuous (CS) and intermittent (IS) dosage 
schedule. Preliminary data have shown an ORR of 83% 
with ME-401 monotherapy in R/R FL.69 In keeping with 
the lower toxicity of intermittent PI3K inhibition, the IS 
dosing of ME-401 had a lower rate of immune-mediated 
AEs as compared to CS (11% vs 30%, respectively) and 
there was a potential to salvage disease progressions on IS 
by switching to CS.70

Intermittent PI3K inhibition seems to be a key factor in 
reducing adverse events while maintaining efficacy. The 
investigation of the newer oral PI3Kis could not only 
prove superior to copanlisib in terms of their safety profile 
and ease of administration but also pave the way for 
exploration of similar, intermittent schedules for the exist-
ing oral PI3K inhibitors.

Conclusions
Copanlisib provides a significant advantage over the oral 
PI3K inhibitors due to its tolerability; however, newer oral 
agents including those with an intermittent dosing sche-
dule could prove more advantageous. Combinations with 
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chemo-immunotherapy, immune-checkpoint inhibitors, or 
bcl-2 inhibitors could lead to expanded indications for 
copanlisib and are under study. A significant impediment 
to developing novel therapies in FL and developing 
rational therapeutic combinations is lack of accurate bio-
markers which implies that most novel combinations being 
studied are relatively empiric. Studies are investigating the 
role of PI3K and macrophage activation gene expression 

profiles to predict responses to copanlisib which, if possi-
ble, at outset, would enable a risk-adapted decision- 
making approach. The intravenous dosing schedule of 
copanlisib and requirement for blood glucose and blood 
pressure monitoring does impact feasibility of administra-
tion in the outpatient setting and studies should explore 
a more pragmatic maintenance schedule after an initial 
loading period. In summary, copanlisib is a safe and 

Table 2 Efficacy and Safety Profile of PI3K Inhibitors in FL

Copanlisib Idelalisib Duvelisib Umbralisib ME-401

Current 
indication(s)

3rd-line FL, 
CLL, SLL

3rd-line FL, CLL, SLL CLL/SLL, 3rd-line FL Orphan drug FL (3rd line), 
Experimental

Experimental

Mechanism of 
action

PI3Ki (α, δ) PI3Ki (δ) PI3Ki (δ, γ) PI3Ki (δ), CK1-ε PI3Ki (δ)

Administration Intravenous Oral Oral Oral Oral

Study population ≥3rd line 
(FL, n=72)

≥3rd line 
(FL, n=72)

≥2nd line (FL, n=83) ≥2nd line (FL, n=17)59 ≥1 line FL 
(n=48)62

ORR (FL) 54% 54% 42% 53% 79%

CR (FL) 8% 8% 1% 12% 26%

Median PFS (FL) 11 months 11 months 8.3 months2 N/A (Median DOR 9.3 months) N/A

Black box warning None Fatal and/or serious 
toxicities:

● Hepatotoxicity 

(16–18%)
● Severe diarrhea or coli-

tis (14–20%)
● Pneumonitis (4%)
● Infections (21–48%)

Intestinal perforation

Fatal and/or serious:
● Infections (31%)
● Diarrhea or coli-

tis (18%)
● Cutaneous reac-

tions (5%)

Pneumonitis (5%)

N/A N/A

Select Grade ≥3 
AEs

Hyperglycemia 

(transient)

40% None reported None reported None reported None reported

Hypertension 

(transient)

27% None reported None reported None reported None reported

Diarrhea 5% 14% 23% 43% 30% on CS 

11% on IS

Colitis

Pneumonitis 5% 16% 5% None reported N/A

Lung infection 13.7% 13%

ALT increased None reported 19% 8% 6% 1.8%

AST increased None reported 12% 6% 7% 1.8%
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efficacious addition to our therapeutic armamentarium 
against FL and should allow us to improve current and 
future outcomes of these patients.
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