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Abstract
The phosphoinositide 3-kinase (PI3K) pathway plays a primary role in 
cellular proliferation and metabolism. Inhibition of the PI3K pathway is 
an emerging area of drug development and cancer research. Idelalisib, 
copanlisib, and duvelisib are currently the only U.S. Food & Drug Ad-
ministration–approved PI3K inhibitors available for use in hematologic 

-
tions, selectivity of PI3K isoforms, dosing, and potential toxicities. Sev-
eral ongoing studies are aiming to expand the use of such drugs and 
identify unique combination regimens. This article discusses the current 
data supporting their place in therapy for B-cell malignancies, manage-
ment of adverse events, and the clinical implications for advanced prac-
titioners for the commercially available PI3K inhibitors.

A ctivation of the phos-
phoinositide 3-kinase 
(PI3K) pathway has be-
come an area of interest 

in cancer pathophysiology and drug 
development. The PI3K pathway 
plays a primary role in cell signal-
ing and cellular responses such as 
proliferation and metabolism, and 
overexpression of PI3K isoforms 
may be associated with the develop-
ment of resistance to traditional che-
motherapy (Krause, Hassenruck, & 
Hallek, 2018; Goncalves, Hopkins, & 
Cantley, 2018). The PI3K pathway is 
located downstream of B-cell recep-
tors (BCR), and its activation likely 
plays a role in B-cell survival and 
proliferation (Mensah, Blaize, & Bry-

an, 2018). Currently, there are three 
PI3K inhibitors approved by the U.S. 
Food & Drug Administration (FDA) 
for use in hematologic malignan-
cies: idelalisib (Zydelig), copanlisib 
(Aliqopa), and duvelisib (Copiktra; 
Bayer HealthCare Pharmaceuticals 
Inc., 2017; Gilead Sciences Inc., 2018; 
Verastem, Inc., 2018). Here we re-
view their mechanisms of action, ev-
idence supporting approval, places 
in therapy, and recommendations for 
adverse event (AE) management.

IDELALISIB
Idelalisib is an oral, highly selective 
PI3Kδ inhibitor (Gilead Sciences 
Inc., 2018). Inhibition of the PI3K 
signaling pathway, which is active in J Adv Pract Oncol 2019;10(7):717–725
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many B-cell leukemias, results in apoptosis of tu-
mor cells. Idelalisib also inhibits several signaling 
pathways, including BCR, CXCR4, and CXCR5. It 
is indicated for the treatment of relapsed chron-
ic lymphocytic leukemia (CLL) in combination 
with rituximab (Rituxan) in patients for whom 
rituximab alone would be considered appropriate 
therapy due to other comorbidities. It is also ap-
proved for patients with relapsed small lympho-
cytic lymphoma (SLL) and for relapsed follicular 
B-cell non-Hodgkin lymphoma (FL) in patients 
who have received at least two prior systemic 
therapies. Use of idelalisib is limited, as it is not 
indicated or recommended for first-line treatment 
of CLL/SLL nor for the treatment of FL in combi-
nation with bendamustine and/or rituximab.

Chronic Lymphocytic Leukemia
Idelalisib was initially approved in Study 116 
(NCT01539512), a multicenter, randomized, dou-
ble-blind, placebo-controlled, phase III study 
comparing rituximab plus either idelalisib or pla-
cebo in patients with relapsed CLL who required 
treatment and were unable to tolerate standard 
chemoimmunotherapy due to coexisting medi-
cal conditions (Cumulative Illness Rating Scale 
[CIRS] > 6), reduced renal function (creatinine 
clearance < 60 mL/min), or grade ≥ 3 neutrope-
nia or thrombocytopenia from previous therapies 
(Furman et al., 2014). Prior therapy must have in-
cluded either an anti-CD20 therapy or at least two 
prior cytotoxic regimens. 

A total of 220 patients were randomized 1:1 to 
idelalisib at 150 mg orally twice daily or placebo, 
both combined with rituximab 375 mg/m2 IV fol-
lowed by 500 mg/m2 IV every 2 weeks for 4 doses 
and then every 4 weeks for 3 doses (total of 8 in-
fusions). Patients were stratified by presence of 
del(17p) or other TP53 mutations, and lack of im-
munoglobulin heavy chain variable (IgHV) muta-
tion. In the case of disease progression, patients in 
the placebo group were permitted to cross over and 
receive idelalisib, while those treated with idelalisib 
at 150 mg twice daily were allowed to dose escalate 
to 300 mg orally twice daily (Furman et al., 2014). 

A significant improvement in the primary end-
point of median progression-free survival (PFS) 
was seen in the idelalisib combination arm (not 
reached vs. 5.5 months in the placebo arm, haz-

ard ratio [HR], 0.15; p < .001; Furman et al., 2014). 
Overall response rate (ORR) and overall survival 
(OS) at 12 months were also significantly improved 
(81% vs. 13%, odds ratio, 29.29; p < .001 and 92% vs. 
80%, HR, 0.28; p = .02, respectively). 

Rates of serious AEs were comparable be-
tween groups (40% vs. 35%). The most frequently 
reported serious AEs in both groups were pneu-
monia, pyrexia, and febrile neutropenia. The most 
common AEs of any grade in the idelalisib group 
were pyrexia (29%), fatigue (24%), nausea (24%), 
and chills (22%). Common laboratory abnormali-
ties of any grade included neutropenia (55%), as-
partate aminotransferase (AST) or alanine ami-
notransferase (ALT) elevation (35%), anemia 
(25%), and thrombocytopenia (17%). Grade ≥ 3 
AEs reported in the idelalisib arm included diar-
rhea (4%), pyrexia (3%), fatigue (3%), chills (2%), 
dyspnea (2%), and rash (2%; Furman et al., 2014). 

Small Lymphocytic Lymphoma and  
Follicular Lymphoma
Idelalisib’s approval for use in relapsed SLL and 
FL is based on a single-group, open-label, phase 
II study conducted in patients with indolent non-
Hodgkin lymphoma (iNHL) who were refractory 
to or had a relapse within 6 months following ritux-
imab and alkylating agent–containing chemother-
apy (Gilead Sciences Inc., 2018; Gopal et al., 2014). 
Idelalisib was administered at a dose of 150 mg 
orally twice daily until disease progression, unac-
ceptable toxicities, or patient death. A total of 125 
patients were included in the trial: FL (n = 72), SLL 
(n = 28), marginal-zone lymphoma (MZL; n = 15), 
and lymphoplasmacytic lymphoma (LL) with or 
without Waldenstrom’s macroglobulinemia (WM; 
n = 10; Gilead Sciences Inc., 2018; Gopal et al., 2014). 

The primary endpoint of ORR was 57% in all 
patients, with 6% of patients obtaining a com-
plete response (CR; Gopal et al., 2014). The ORR 
in the 72 patients with FL was 54% (95% confi-
dence interval [CI] = 42%–66%), with 8% of pa-
tients achieving a CR and 46% achieving a partial 
response (PR). For the 26 patients with SLL, an 
ORR of 58% was reported (95% CI = 37%–77%), 
with all responses being PRs. The overall median 
time to response was 1.9 months, median duration 
of response was 12.5 months, and median PFS was 
11 months. 
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The most common AEs of all grades includ-
ed diarrhea (43%), fatigue (30%), nausea (30%), 
cough (29%), and pyrexia (28%). Frequently re-
ported laboratory abnormalities of any grade in-
cluded decreased neutrophils (56%), increased 
ALT (47%), increased AST (35%), decreased hemo-
globin (28%), decreased platelets (26%), increased 
alkaline phosphatase (22%), and increased biliru-
bin (10%). Any ≥ grade 3 reported events included 
diarrhea (13%), pneumonia (7%), dyspnea (3%), 
nausea (2%), fatigue (2%), pyrexia (2%), abdomi-
nal pain (2%), vomiting (2%), rash (2%), asthenia 
(2%), decreased appetite (1%), and headache (1%; 
Gilead Sciences Inc., 2018; Gopal et al., 2014). 

Idelalisib is generally well tolerated, but is as-
sociated with notable severe AEs. Nearly one third 
of patients in clinical trials experienced grade 3 or 
4 neutropenia (Gilead Sciences Inc., 2018). Idelal-
isib has boxed warnings for serious and/or fatal 
diarrhea or colitis, intestinal perforation, hepa-
totoxicity, infections, and pneumonitis. Cases of 
Stevens-Johnson syndrome (SJS) and toxic epi-
dermal necrolysis (TEN) have also been reported. 
It is contraindicated in patients with a history of 
serious allergic reactions, including anaphylaxis 
and TEN. Warnings and precautions include mon-
itoring patients for severe cutaneous reactions, 
anaphylaxis, neutropenia, and embryo-fetal toxic-
ity (Gilead Sciences Inc., 2018).

Ongoing Trials
Idelalisib is a National Comprehensive Cancer 
Network (NCCN)-recommended treatment op-
tion given with or without rituximab for patients 
with relapsed/refractory CLL/SLL with or with-
out del(17p)/TP53 mutation (NCCN, 2019b). The 
use of bendamustine with rituximab with or 
without idelalisib is an alternative option for pa-
tients with relapsed/refractory CLL/SLL without 
del(17p)/TP53 mutation based on interim analysis 
from a phase III trial showing superior efficacy of 
the three-drug combination in terms of median 
PFS (NCCN, 2019b; Zelenetz et al., 2017). Ide-
lalisib is also included as a third-line or greater 
treatment option for patients with grade 1 to 2 FL 
(NCCN, 2019a). 

Idelalisib has been studied in combination 
with standard therapies, such as bendamustine 
with rituximab and obinutuzumab (Gazyva), 

and demonstrated an increased rate of death 
and serious AEs in patients treated for front-
line CLL (NCT01980888) and early-line iNHL 
(NCT01980875; ClinicalTrials.gov, 2019).

Several ongoing trials to expand idelalisib’s 
use are actively recruiting patients for alternative 
indications and combination regimens. Idelalisib 
is being studied in combination with rituximab 
and venetoclax in a phase I clinical trial in pa-
tients with relapsed/refractory CLL (RIVe-CLL, 
NCT03639324) and in combination with an ex-
perimental CD19-antibody in a phase II study in 
patients with relapsed/refractory disease after 
treatment with a Bruton’s tyrosine kinase inhibitor 
(NCT02639910). Idelalisib is also being evaluated in 
combination with immunotherapy in patients with 
relapsed/refractory CLL or other low-grade B-cell 
NHLs in a phase II trial evaluating the addition of 
pembrolizumab (NCT02332980). Investigation is 
ongoing in the maintenance setting postallogeneic 
hematopoietic stem cell transplant in a phase I trial 
evaluating safety in patients who had a transplant 
for a B-cell malignancy (ClinicalTrials.gov, 2019).

COPANLISIB 
Unlike idelalisib, copanlisib is an intravenous, 
highly selective pan-class I PI3K inhibitor, target-
ing all four class I isoforms, α, β, γ and δ, with the 
highest affinity for α and δ (Patnaik et al., 2016). 
The expression of α and β isoforms on all cell types 
coupled with γ and δ isoforms in hematopoietic 
tissue cells contributes to the efficacy and toxic-
ity observed with copanlisib (Mensah et al., 2018). 
In addition to PI3K signaling, copanlisib exerts its 
effects through apoptosis and BCR-independent 
inhibition of NF-κB signaling (Paul et al., 2017). 
Copanlisib is administered as a 60-mg, 1-hour IV 
infusion on days 1, 8, and 15 of a 28-day cycle (Bay-
er HealthCare Pharmaceuticals Inc., 2017). It re-
ceived FDA approval for the treatment of FL based 
on the phase II trial, CHRONOS-1, evaluating its 
efficacy in patients with relapsed/refractory iNHL.

Follicular Lymphoma
The CHRONOS-1 trial (NCT01660451) included 142 
patients, of which 104 had a diagnosis of relapsed 
FL following at least two prior treatments, including 
rituximab and an alkylating agent (Dreyling et al., 
2017). Most commonly, patients had received prior 
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chemotherapy in combination with an anti-CD20 
monoclonal antibody. Patients were treated with 
copanlisib until disease progression or unacceptable 
toxicity, with a primary endpoint of ORR. The ORR 
for copanlisib was 59% (95% CI = 49%–68%), with 
14% of patients achieving CRs and 44% of patients 
with PRs. In addition, the average duration of re-
sponse was around 12.2 months, with a median time 
to response of 1.7 months (Dreyling et al., 2017). 

Copanlisib is thought to be better tolerated 
than idelalisib due to differences in the pharma-
cokinetic properties of weekly IV infusions com-
pared to daily oral administration, but it is not 
without its own notable AE profile (Patnaik et al., 
2016). The CHRONOS-1 trial reported treatment-
related AEs in 99% of patients receiving copanlis-
ib, with 53% experiencing grade 3 AEs and 27% ex-
periencing grade 4 AEs. The most common AEs of 
all grades were short-term hyperglycemia (50%), 
hypertension (30%), diarrhea (34%), neutropenia 
(30%), fatigue (30%), and fever (25%). Grade ≥ 3 
AEs included hyperglycemia (41%), hypertension 
(24%), neutropenia (24%), lung infection (16%), 
and thrombocytopenia (7%; Dreyling et al., 2017). 

Ongoing Trials
Current NCCN Guidelines recommend copan-
lisib as a third-line and subsequent therapy in FL 
(NCCN, 2019a). It is also being studied in patients 
with rituximab-refractory iNHL (CHRONOS-2, 
NCT02369016), in combination with rituximab in 
iNHL (CHRONOS-3, NCT02367040), and in com-
bination with chemoimmunotherapy (CHRO-
NOS-4, NCT02626455; ClinicalTrials.gov, 2019). 
Copanlisib has also shown promise as a treatment 
option in relapsed/refractory diffuse large B-cell 
lymphoma (DLBCL) patients, specifically those of 
ABC subtype (ORR of 37.5% for ABC subtype vs. 
13.6% for GCB subtype; Lenz et al., 2017). Ongoing 
trials are investigating its use alone or in combina-
tion for alternative indications including aggres-
sive NHL, peripheral T-cell lymphoma, primary 
central nervous system lymphoma, and solid tu-
mors such as head and neck, colon, and non–small 
cell lung cancer (ClinicalTrials.gov, 2019).

DUVELISIB
Duvelisib is an oral δ and γ PI3K inhibitor. Duvelis-
ib is structurally similar to the δ isoform inhibitor, 

idelalisib, but its dual isoform blockade inhibits 
cell signaling more efficiently (Vangapandu, Jain, 
& Gandhi, 2017). Duvelisib is dosed continuously 
at 25 mg orally twice daily without regard to food 
and is approved for use in relapsed/refractory 
CLL and SLL after two failed therapies. It also has 
accelerated approval for use in FL after two prior 
therapies due to the ORR seen in clinical trials 
(Verastem, Inc., 2018). 

Chronic Lymphocytic Leukemia and  
Small Lymphocytic Lymphoma
Duvelisib was studied in the treatment of re-
lapsed/refractory CLL/SLL in the phase III DUO 
trial, which randomized patients to duvelisib or 
ofatumumab (Arzerra), an anti-CD20 monoclonal 
antibody (NCT02004522; Flinn et al., 2018). A to-
tal of 319 patients were randomized 1:1 to receive 
duvelisib at 25 mg twice daily or ofatumumab per 
the relapsed CLL dosing in the package insert 
(Novartis Corporation, 2016). Patients were al-
lowed to take duvelisib for 18 cycles, or until dis-
ease progression or unacceptable toxicity. The 
study met its primary endpoint of significantly im-
proving median PFS of 13.3 months with duvelisib 
vs. 9.9 months with ofatumumab (HR, 0.52; 95% 
CI = 0.39–0.70; p < .0001), including patients with 
high-risk chromosome 17p13.1 deletions and/or 
TP53 mutations (HR, 0.40; 95% CI = 0.24–0.67; p = 
.0002; Flinn et al., 2018). 

Follicular Lymphoma
Duvelisib was studied for the treatment of patients 
with iNHL refractory to rituximab and either che-
motherapy or radioimmunotherapy in the phase II 
DYNAMO trial (NCT01882803; Flinn et al., 2016). 
The primary endpoint of ORR was 43% in the FL 
subgroup, with a median PFS of 8.3 months. A 17% 
continued response rate was seen at 12 months. 
This study granted duvelisib accelerated approval 
for the treatment of FL. 

Duvelisib is generally well-tolerated, but not 
without the risk of potentially severe side effects. 
In the DUO trial, the most common AEs were di-
arrhea (51%), pyrexia (29%), nausea (23%), and 
cough (21%; Flinn et al., 2018). In the DYNAMO 
trial, the most common grade ≥ 3 AEs were tran-
sient cytopenias (neutropenia [28%], anemia 
[12%], and thrombocytopenia [13%]) and diarrhea 
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(15%; Flinn et al., 2016). Boxed warnings include 
infections, diarrhea, colitis, cutaneous reactions, 
and pneumonitis without suspected infection 
(Verastem, Inc., 2018). Other toxicities noted in 
studies include lymphocytosis, hepatotoxicity, 
Pneumocystis jirovecii pneumonia (PJP), and cy-
tomegalovirus (CMV) reactivation, most of which 
were grade ≤ 2 (Flinn et al., 2016, 2018). 

Ongoing Trials
Several ongoing studies seek to expand the use 
of duvelisib. A phase I study aims to evaluate the 
long-term safety of duvelisib (NCT02711852; Clin-
icalTrials.gov, 2019). An additional study focus-
ing on the maximum tolerated dose of duvelisib 
in combination with either romidepsin or bort-
ezomib in relapsed/refractory T-cell lymphomas 
is also underway (NCT02783625). A phase Ib/
II study in untreated, young CLL patients ex-
amines the use of duvelisib in combination with 
fludarabine, cyclophosphamide, and rituximab 
(FCR; NCT02158091; ClinicalTrials.gov, 2019). 
Duvelisib is being evaluated in combination with 
venetoclax (Venclexta) for relapsed or refracto-
ry CLL/SLL and in peripheral T-cell lymphoma 
(NCT03534323, NCT03372057; ClinicalTrials.
gov, 2019). In summary, duvelisib is a preferred 
NCCN-recommended option for relapsed/refrac-
tory CLL/SLL and third-line therapy in FL, and 
many ongoing studies are evaluating its benefit in 
other indications.

IMPLICATIONS FOR THE  
ADVANCED PRACTITIONER
While idelalisib, copanlisib, and duvelisib all tar-
get the PI3K pathway via different isoforms, it is 
important to note the differences in approved in-
dications and AE profiles among the three agents 
(Table 1). Idelalisib and duvelisib are available for 
oral administration, while copanlisib is adminis-
tered intravenously. All three drugs are major CY-
P3A substrates and patients should be thoroughly 
evaluated for potential drug-drug and drug-food 
interactions (Bayer HealthCare Pharmaceuticals 
Inc., 2017; Gilead Sciences, Inc., 2018; Verastem, 
Inc., 2018). 

PI3K inhibitors are generally well tolerated 
with appropriate AE management. Each agent’s 
side-effect profile is related to the isoforms it in-

hibits. PI3K α and β isoforms are found in a va-
riety of tissues throughout the body (Coutre et 
al., 2015; Greenwell, Ip, & Cohen, 2017). PI3K α 
isoforms have a critical role in insulin signaling. 
The δ isoform is preferentially expressed on leu-
kocytes, while the γ isoform is implicated in the 
cardiovascular system, T-cell development, and 
T-cell signaling. Unexpected AEs were identified 
during drug development and should be consid-
ered when starting a patient on PI3K inhibitor 
therapy (Greenwell et al., 2017). It is important 
to maintain dose intensity, and any AEs should be 
detected early to avoid dose reductions and de-
lays in therapy.

Diarrhea and Colitis
Diarrhea is a common side effect that may lead 
to dose reduction and/or PI3K inhibitor discon-
tinuation (Coutre et al., 2015; Flinn et al., 2018; 
Greenwell et al., 2017). Diarrhea can occur at any 
time, even several months after the patient has 
started therapy. For patients receiving idelalisib or 
duvelisib, the median time to onset of diarrhea or 
colitis of any grade was 1.9 months and 2.2 months, 
respectively. Severe diarrhea events (grade 3/4) 
were more likely to occur later at 7.1 months for 
idelalisib and 4.9 months for duvelisib (Coutre et 
al., 2015; Flinn et al., 2018). Two types of diarrhea 
have been observed with idelalisib therapy: mild-
moderate diarrhea and watery, nonbloody diar-
rhea. Mild-moderate diarrhea typically occurred 
within 8 weeks of therapy and responded to anti-
motility agents, while watery, nonbloody diarrhea 
was often unresponsive to antimotility therapy 
and thought to be immune mediated (Coutre et al., 
2015; Greenwell et al., 2017).

Diarrhea should be evaluated promptly for 
other etiologies (infection, dietary factors, and 
medications), followed by stool workup and lab-
oratory testing with colonoscopy for atypical 
or refractory cases (Coutre et al., 2015). Patients 
with grade 1/2 diarrhea may continue on PI3K in-
hibitor therapy with dietary optimization, loper-
amide, and close monitoring. Patients with unre-
solved grade 2 or grade ≥ 3 diarrhea should have 
PI3K inhibitor therapy held, and if negative for 
infection, should begin on a trial of budesonide at 
9 mg orally once daily or prednisone at 1 mg/kg 
daily until symptoms resolve to ≤ grade 1. If the 
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patient is to resume PI3K therapy, lower doses 
can be considered with or without concomitant 
budesonide (Gilead Sciences, Inc., 2018; Green-
well et al., 2017; Verastem, Inc., 2018). There are 
no specific recommendations for the management 
of diarrhea or colitis from copanlisib; however, the 
package insert recommends holding therapy for 
grade 3 toxicities and dose reducing once toxicity 
has resolved (Bayer HealthCare Pharmaceuticals 
Inc., 2017).

Autoimmune Hepatotoxicity
Severe autoimmune transaminitis has been re-
ported with idelalisib and duvelisib, and to a 
lesser extent, copanlisib (Coutre et al., 2015; 
Dreyling et al., 2017; Flinn et al., 2018; Greenwell 
et al., 2017). With idelalisib, elevations in ALT/
AST commonly occurred in the first 12 weeks, 
and were reversible with holding therapy. With 
duvelisib, median time to onset of ALT/AST el-
evation was 1.2 months, lasting about 2 weeks 

Table 1. Summary of the FDA Approved PI3K Inhibitors

Idelalisib Copanlisib Duvelisib

Approved 
indication(s)

 • Relapsed CLL in combination 
with rituximab in patients for 
whom rituximab alone would 
be considered appropriate 
therapy due to other 
comorbidities

 • Relapsed SLL in patients 
who have received at least 2 
prior systemic therapies

 • Relapsed FL in patients who 
have received at least 2 prior 
systemic therapies

Relapsed FL in patients who 
have received at least 2 prior 
therapies

 • Relapsed or refractory CLL 
or SLL in patients after at 
least 2 prior therapies

 • Relapsed or refractory FL in 
patients after at least 2 
prior therapies

Isoform inhibited δ α, β, δ, γ δ, γ

Dosing and 
administration

150 mg po bid (± food); 
continue until disease 
progression or unacceptable 
toxicity

60-mg IV infusion on days 
1, 8 and 15 of a 28-day 
cycle; continue until disease 
progression or unacceptable 
toxicity

25 mg po bid (± food); 
continue until disease 
progression or unacceptable 
toxicity

Adjustments  • Renal: no dose adjustment 
provided

 • Hepatic: no dose adjustment 
for patients with ALT, AST, 
or bilirubin > ULN; however, 
limited safety and efficacy 
data available with baseline 
AST or ALT >2.5 × ULN or 
bilirubin >1.5 × ULN

 • Renal: no dose adjustment 
provided

 • Hepatic: no dose adjustment 
provided

 • Renal: no dose adjustment 
provided

 • Hepatic: no dose adjustment 
provided

Drug-drug 
interactions

 • Strong CYP3A inhibitors: 
additional monitoring 
required

 • Strong CYP3A inducers: 
avoid coadministration

 • CYP3A substrates: avoid 
coadministration of sensitive 
CYP3A substrates

 • Strong CYP3A inhibitors: 
reduce dose to 45 mg

 • Strong CYP3A inducers: 
avoid coadministration

 • Strong CYP3A inhibitors: 
reduce dose to 15 mg bid

 • Strong CYP3A inducers: 
avoid coadministration

 • CYP3A substrates: reduce 
dose of sensitive CYP3A 
substrates and monitor

Most common 
adverse eventsa

Pyrexia, fatigue, cough, chills, 
nausea, diarrhea, neutropenia, 
thrombocytopenia, anemia, 
AST/ALT elevation, increased 
alkaline phosphatase, rash 

Hyperglycemia, hypertension, 
pyrexia, fatigue, nausea, 
diarrhea, neutropenia, 
thrombocytopenia, AST/ALT 
elevation, lung infection 

Pyrexia, fatigue, neutropenia,  
nausea, diarrhea, anemia, 
lung infection, cough, rash, 
musculoskeletal pain

Note. CLL = chronic lymphocytic leukemia; SLL = small lymphocytic lymphoma; FL = follicular lymphoma;  
ALT = alanine aminotransferase; AST = aspartate aminotransferase; CYP = cytochrome P450; ULN = upper limit of 
normal. Information from Bayer HealthCare Pharmaceuticals Inc., 2017; Gilead Sciences Inc., 2018; Verastem, Inc., 2018.
aReported frequency > 20%. 
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(Coutre et al., 2015; Flinn et al., 2018). Concomi-
tant hepatotoxic drugs should be discontinued. 
Patients with an ALT/AST > 3 × upper limit of 
normal (ULN) should have weekly monitoring 
until resolved. If > 3 to 5 × ULN (grade 2), then 
therapy can be continued with labs monitored at 
least weekly until ≤ 1 × ULN with idelalisib or ≤ 3 
× ULN for duvelisib. If > 5 to 20 × ULN (grade 3), 
then therapy should be held and labs monitored 
at least weekly until ≤ 1 × ULN with idelalisib or  
≤ 3 × ULN for duvelisib. At that time, treatment can 
resume at a lower dose. If ALT/AST > 20 × ULN, 
PI3K inhibitor therapy should be permanently 
discontinued (Coutre et al., 2015; Gilead Sciences, 
Inc., 2018; Greenwell et al., 2017; Verastem, Inc., 
2018). There are no specific recommendations for 
the management of hepatotoxicity for copanlisib; 
however, the medication should be held for grade 
3 toxicities and resumed at a lower dose (Bayer 
HealthCare Pharmaceuticals Inc., 2017). Most pa-
tients do not require treatment discontinuation as 
a result of hepatotoxicity.

Respiratory Symptoms and Pneumonitis
Patients who develop respiratory symptoms while 
on PI3K inhibitor therapy should be evaluated 
promptly due to concerns for autoimmune pneu-
monitis (Coutre et al., 2015; Greenwell et al., 2017). 
Fatal cases of pneumonitis have been reported in 
patients treated with idelalisib, duvelisib, and co-
panlisib. Patients should be evaluated for infectious 
causes including PJP. Patients with a mild, persistent 
cough, < 5% decrease in O2 saturation, dyspnea with 
exertion, or interstitial infiltrates on imaging should 
discontinue PI3K inhibitor therapy. If the O2 satura-
tion decrease is ≥ 5% or development of an oxygen 
requirement occurs, the patient should be admitted 
for a thorough evaluation including a high-resolu-
tion chest CT, potential bronchoscopy/bronchoal-
veolar lavage, and initiation of empiric prednisone 
at 1 mg/kg (Greenwell et al., 2017). Idelalisib should 
be permanently discontinued for patients with any 
severity of symptomatic pneumonitis or organizing 
pneumonia (Gilead Sciences, Inc., 2018). Treatment 
with copanlisib or duvelisib should only be perma-
nently discontinued for grade ≥ 3 pneumonitis or 
grade 2 pneumonitis that does not resolve with ste-
roid treatment (Bayer HealthCare Pharmaceuticals 
Inc., 2017; Verastem, Inc., 2018).

Rashes and Cutaneous Reactions
Cutaneous reactions, including severe reactions, 
have been reported with the PI3K inhibitors 
(Flinn et al., 2016; Greenwell et al., 2017). Toxic 
epidermal necrolysis and SJS have occurred with 
idelalisib and duvelisib therapy, and drug reac-
tion with eosinophilia and systemic symptoms 
(DRESS) has been reported with duvelisib (Gil-
ead Sciences, Inc., 2018; Verastem, Inc., 2018). 
Cutaneous reactions can present as exfoliative 
dermatitis, various rashes, pruritus, and other 
skin disorders. For grade 1/2 reactions, patients 
should be monitored closely and can be treated 
with supportive care, while grade ≥ 3 reactions 
should prompt holding PI3K inhibitor therapy 
and consulting dermatologic experts before de-
termining if reinitiation of therapy is appropriate 
(Greenwell et al., 2017).

Opportunistic Infections
In clinical trials with the PI3K inhibitors, higher 
rates of opportunistic infections with PJP and 
CMV were reported (Cuneo et al., 2018; Dreyling 
et al., 2017; Greenwell et al., 2017). Pneumocys-
tis jirovecii pneumonia prophylaxis is recom-
mended for all patients receiving idelalisib and 
duvelisib, and for at-risk populations while re-
ceiving copanlisib. Monthly CMV monitoring is 
recommended for idelalisib and duvelisib. These 
agents should be discontinued in patients with 
symptomatic viremia and end-organ damage, and 
patients should begin appropriate antiviral treat-
ment. For asymptomatic patients with increas-
ing CMV levels, providers may consider holding 
PI3K inhibitor therapy and starting empiric an-
tiviral therapy (Bayer HealthCare Pharmaceuti-
cals Inc., 2017; Gilead Sciences, Inc., 2018; Veras-
tem, Inc., 2018).

Hypertension
Copanlisib’s effect on PI3Kδ has been associated 
with high rates of severe hypertension; blood pres-
sure (BP) should be monitored pre- and postin-
fusion (Bayer HealthCare Pharmaceuticals Inc., 
2017; Greenwell et al., 2017). A patient’s BP should 
be controlled prior to initiating therapy and anti-
hypertensive medications started with consider-
ation for comorbidities. If a patient has a predose 
BP of ≥ 150/90 mmHg, therapy should be held 
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until BP is < 150/90 mmHg for two consecutive 
measurements at least 15 minutes apart. If a pa-
tient experiences a postdose BP ≥ 150/90 mmHg 
requiring antihypertensive treatment, then a dose 
reduction should be considered. If life-threatening 
consequences are present, then therapy should be 
discontinued. Providers may consider monitoring 
for proteinuria or other signs of end-organ dam-
age, recommend home BP monitoring, and rule 
out other causes of hypertension. Patients should 
be educated on symptoms of hypertension such as 
dizziness and headache (Bayer HealthCare Phar-
maceuticals Inc., 2017; Greenwell et al., 2017).

Hyperglycemia
Copanlisib is associated with the development of 
hyperglycemia, which generally peaks following 
infusion and resolves on its own in the majority of 
patients (Bayer HealthCare Pharmaceuticals Inc., 
2017; Greenwell et al., 2017). Prior to therapy initi-
ation, patients should be evaluated for diabetes or 
insulin resistance. Patients with diabetes should 
be well controlled before starting copanlisib. If 
predose fasting blood glucose levels are ≥ 160 mg/
dL or a random, nonfasting blood glucose level is 
≥ 200 mg/dL, copanlisib should be held until hy-
perglycemia resolves. If pre- or postdose blood 
sugar levels are ≥ 500 mg/dL, then therapy should 
be dose reduced or discontinued. Patients should 
be educated on symptoms of hyperglycemia such 
as excess thirst, headaches, and frequent urination 
(Bayer HealthCare Pharmaceuticals Inc., 2017; 
Greenwell et al., 2017).

CONCLUSION
PI3K inhibitors play an important role in the man-
agement of several hematologic malignancies. 
Each of the FDA-approved agents, idelalisib, co-
panlisib, and duvelisib, have their own indications 
and AE profiles. Knowledge of their mechanism 
of action, dosing schedule, and potential AEs can 
assist in determining the best clinical course for 
the patient. As more PI3K inhibitors are approved 
and made commercially available, it is important 
to closely monitor for known AEs unique to each 
agent, along with those we have yet to discover. l
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