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Phosphatidylinositol 3-kinase (PI3K) inhibitors are effective in chronic lymphocytic leukemia (CLL). However, the severe 
toxicity profile associated with the first-generation inhibitors idelalisib and duvelisib, combined with the availability of 
other more tolerable agents, have limited their use. CLL is still considered incurable, and relapse after treatment, devel-
opment of resistance, and treatment intolerance are common. It is therefore of interest to optimize the administration of 
currently approved PI3K inhibitors and to develop next-generation agents to improve tolerability, so that this class of 
agents will be considered an effective and safe treatment option when needed. These efforts are reflected in the large 
number of emerging clinical trials with PI3K inhibitors in CLL. Current strategies to overcome treatment limitations include 
intermittent dosing, which is established for copanlisib and zandelisib and under investigation for duvelisib and parsaclisib. 
A second strategy is to combine the PI3K inhibitor with another novel agent, either as a continuous regimen or a fixed-
duration regimen, to deepen responses. In addition to these approaches, it is of interest to identify higher-resolution ac-
tionable biomarkers that can predict treatment responses and toxicity, and inform personalized treatment decisions. 
Here, we discuss the current status of PI3K inhibitors in CLL, factors limiting the use of currently approved PI3K inhibitors 
in CLL, current strategies to overcome these limitations, and where to go next. 
 

Abstract 

Introduction 
Chronic lymphocytic leukemia (CLL) is a common B-cell 
malignancy with approximately 20,000 new cases ex-
pected in the USA in 2022.1 Targeted therapies were intro-
duced almost a decade ago and have rapidly and 
remarkably improved the management of CLL. While the 
disease typically responds well to the novel agents, expo-
sure to treatment will over time result in outgrowth of 
treatment-resistant cellular clones and most typically re-
sult in disease relapse. Multiple lines of therapy are there-
fore the rule in CLL management. How to sequence or 
combine novel therapies for optimal care and durable re-
mission are pressing research questions.  
Three classes of targeted therapies are currently ap-
proved for CLL: Bruton tyrosine kinase (BTK) inhibitors 
(ibrutinib and acalabrutinib), the B-cell lymphoma-2 (Bcl-
2) antagonist venetoclax, and phosphatidylinositol 3-ki-
nase (PI3K) inhibitors (idelalisib and duvelisib). While 
venetoclax and BTK inhibitors have positioned them-

selves as effective and well-tolerated therapies in CLL 
(Box 1), PI3K inhibitors have experienced some setbacks 
because of unexpected toxicity. However, PI3K inhibitors 
are effective in CLL and are needed in the CLL therapy 
toolbox due to the incurable nature of the disease. Op-
timizing their use by developing more specific next-gen-
eration inhibitors, reducing toxicity and defining the ideal 
sequence or combination of therapies is therefore 
necessary to further improve CLL outcomes. In this re-
view article, we discuss the present status of PI3K in-
hibitors in CLL, factors limiting the use of currently 
approved PI3K inhibitors in CLL, strategies to overcome 
these limitations, and where to go next. 
 
 

The current status of PI3K inhibitors 
in chronic lymphocyte leukemia 
Class I PI3K consist of a regulatory unit (p85) in complex 
with a catalytic unit (p110). The catalytic unit exists as four 
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isoforms; p110a, b, g, and d. p110a and p110b are ubiquitously 
expressed, while p110g and p110d are enriched in leuko-
cytes.11 p110d is highly expressed in CLL, and has therefore 
in particular been the focus of drug development efforts for 
this disease (Table 1). In 2014, the selective p110d inhibitor 
idelalisib was approved for use in CLL based on a double-
blind, placebo-controlled, randomized phase III study com-
paring idelalisib + the anti-CD20 antibody rituximab to 
placebo + rituximab in relapsed CLL.12 The patients enrolled 
on this trial had received a median of three previous drugs, 
which included rituximab, cyclophosphamide, fludarabine, 
bendamustine, and chlorambucil.12 The final follow-up of 

the study demonstrated a median progression-free survival 
(PFS) of 20.3 months in patients initially assigned to the ide-
lalisib arm.13 The median overall survival (OS) was signifi-
cantly improved, with 40.6 months in the idelalisib arm 
versus 34.6 months in the placebo arm.13 Idelalisib has been 
shown to inhibit B-cell receptor signaling and to induce 
apoptosis in CLL cells.14-17 It is administered orally at a rec-
ommended dose of 150 mg twice a day. While idelalisib is 
effective, serious adverse autoimmune events limit treat-
ment.18,19 Of note, the Food and Drug Administration (FDA) 
accelerated approval of idelalisib for follicular lymphoma 
and small lymphocytic leukemia was voluntarily withdrawn 

Box 1. Alternative targeted treatment options in chronic lymphocytic leukemia 
BTK inhibitors and venetoclax provide excellent alternative treatment options to PI3K inhibitors in all lines of therapy. 
The first-in-class covalent BTK inhibitor ibrutinib is approved by the European Medicines Agency (EMA) and the U.S. 
Food and Drug Administration (FDA) for both previously treated and untreated CLL, as a single agent and in combina-
tion with the CD20 antibodies obinutuzumab or rituximab. The next-generation BTK inhibitor acalabrutinib has fewer 
off-target effects than ibrutinib,2 and was approved by the FDA for the treatment of CLL in 2019, and by the EMA as a 
monotherapy for previously treated CLL in 2020. Acalabrutinib and ibrutinib are being compared head-to-head in pre-
viously treated, high-risk CLL patients in the relapsed or refractory (R/R) setting (NCT02477696). At a median follow-
up of 40.9 months, acalabrutinib and ibrutinib both showed a progression-free survival (PFS) of 38.4 months, while 
the incidence of all-grade atrial fibrillation was lower with acalabrutinib than with ibrutinib (9.4% vs. 16.0%, respect-
ively).3 Discontinuation due to adverse events occurred in 14.7% and 21.3% of the patients in the acalabrutinib and 
ibrutinib arms, respectively.3  
Zanubrutinib, another covalent and selective next-generation BTK inhibitor, was approved by the FDA in 2019 for treat-
ment of patients with R/R mantle cell lymphoma. There are several ongoing studies with zanubrutinib in CLL, including 
the phase III ALPINE study, a head-to-head comparison with ibrutinib in R/R patients.4 The first interim analysis at a 
median follow-up of 12 months showed higher PFS (94.9% vs. 84.0%) and overall survival (OS) (97.0% vs. 92.7%) in the 
zanubrutinib arm. Atrial fibrillation/flutter was less frequent with zanubrutinib (2.5% vs. 10.1%), as were adverse events 
leading to study discontinuation (7.8% vs. 13.0%).4 
A third generation of BTK inhibitors has been developed to overcome resistance to the covalent inhibitors. The most 
advanced non-covalent agents that inhibit both wild-type and C481S mutant BTK are pirtobrutinib5 and MK-1026.6 
These agents have promising anti-tumor activity in CLL that has been treated with several lines of therapy, including 
with a covalent BTK inhibitor. 
In addition to the expanding class of BTK inhibitors, venetoclax represents an effective therapeutic option in CLL. It 
was first approved by the FDA in 2016 for previously treated CLL patients with del(17p). Based on the CLL14 study,7 

venetoclax is now approved by the FDA and EMA for all patients with CLL. 
While studies such as the CLL17 trial (NCT04608318) compare different treatment options involving ibrutinib and vene-
toclax, direct comparisons of PI3K inhibitors to BTK inhibitors or venetoclax in prospective clinical trials are limited. 
The ASCEND trial compared treatment with a BTK inhibitor to PI3K inhibitor treatment by randomizing patients with 
R/R CLL to acalabrutinib or investigator’s choice of idelalisib + rituximab or bendamustine + rituximab (BR).8 The PFS 
was significantly longer in the acalabrutinib arm than in the other arm (not reached vs. 16.5 months) at a median fol-
low-up of 16.1 months. Grade ≥3 adverse events were significantly more frequent in the idelalisib arm, with the most 
common being diarrhea (22%) and neutropenia (20%). This trial thus favored acalabrutinib over idelalisib + rituximab 
in this setting. Similarly, the BRUIN CLL-321 study (NCT04666038) will compare pirtobrutinib to investigator’s choice of 
idelalisib + rituximab or BR in CLL patients who have received previous treatment with at least one BTK inhibitor. 
Based on available evidence, the European Society of Medical Oncology (ESMO) guidelines generally recommend PI3K 
inhibitors in later line therapy than BTK inhibitors or venetoclax.9 However, a PI3K inhibitor may be preferred ahead of 
these therapies in patients with severe renal or heart disease, or with a significant risk of tumor lysis. This practice is 
followed for patients outside clinical trials. A retrospective study showed that only 9% of patients (81% treated outside 
a clinical trial, 19% treated on a clinical trial) received idelalisib as the first B-cell receptor inhibitor.10 
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in 2022 by the developer due to inability to complete the 
confirmatory trial (Table 1). 
The next-generation PI3K inhibitor duvelisib is an oral, dual 
p110g/d inhibitor (Table 1). It received FDA approval in 2018 
for CLL patients who have received at least two prior ther-
apies. Approval by the European Medicines Agency (EMA) 
followed in 2021. The recommended dose is 25 mg twice 
a day. The indication was based on the phase III random-
ized DUO study of duvelisib versus the anti-CD20 antibody 
ofatumumab in patients with relapsed/refractory (R/R) 
CLL/small lymphocytic leukemia.20 One of the exclusion 
criteria was prior treatment with BTK or PI3Kd inhibitors.20 
The median PFS was 13.3 months in the duvelisib arm and 
9.9 months in the ofatumumab arm.20 The FDA acceler-
ated approval of duvelisib for follicular lymphoma was vol-
untarily withdrawn in 2022 by the developer due to their 

inability to complete the confirmatory trial (Table 1). 
The p110d selective inhibitor umbralisib received FDA fast-
track approval status for CLL in combination with the anti-
CD20 antibody ublituximab in 2020, and was FDA 
approved for follicular lymphoma and marginal zone lym-
phoma in 2021 (Table 1). It is administered orally with a 
recommended dose of 800 mg once a day. The phase I 
study of umbralisib suggested that this drug is associated 
with fewer autoimmune-like toxicities than idelalisib and 
duvelisib.21 However, head-to-head randomized trials 
comparing the different PI3K inhibitors would be needed 
to test these findings and to evaluate the relative efficacy 
of the different agents. Updated OS data from the ran-
domized phase III UNITY-CLL trial showed an increasing 
imbalance in OS, and this led to the voluntary withdrawal 
of the pending Biologics License Application (BLA)/Sup-

Drug Isoform specificity  Status in CLL (phase) Comments

BGB-10188 p110d Investigational (phase I)

Buparlisib p110a/b/g/d Investigational (phase II)

Copanlisib p110a/b/g/d Investigational (phase II) FDA approved (2017) for FL after at least two 
prior systemic therapies

Duvelisib  
 
 

p110g/d  
 
 

EMA (2021) and FDA (2018) 
approved for CLL after at least 
two therapies 

Approved for SLL after at least two prior systemic 
therapies. FDA accelerated approval for FL volun-
tarily withdrawn by the developer due to inability 
to complete the confirmatory trial (2022)

HMPL-689 p110d Investigational (phase I)

Idelalisib 
 
 
 

p110d 
 
 
 

EMA and FDA approved (2014) 
for relapsed CLL in combina-
tion with rituximab in patients 
for whom rituximab alone 
would be appropriate 

FDA accelerated approval for FL and SLL volun-
tarily withdrawn by the developer due to inability 
to complete the confirmatory trial (2022) 
 

Parsaclisib p110d Investigational (phase II)

Tenalisib p110g/d Investigational (phase II)

Umbralisib  
 
 
 
 
 
 
 
 

p110d 
 
 
 
 
 
 
 
 

Fast track FDA approval status 
(2020) for CLL in combination 
with anti-CD20 antibody 
(phase III) 
 
 
 
 
 

FDA approved (2021) for FL and MZL. Voluntary 
withdrawal of the pending Biologics License Ap-
plication (BLA)/Supplemental New Drug Applica-
tion (sNDA) for the combination umbralisib + 
ublituximab (U2) for treatment of CLL based on 
updated overall survival data from the UNITY-CLL 
trial (2022). Umbralisib voluntarily withdrawn for 
sale for approved indications by the developer 
based on the withdrawal of the BLA and sNDA for 
U2 in CLL (2022)

YY-20394 p110d Investigational (phase I)

Zandelisib  
 

p110d  
 

Investigational (phase II) 
 

FDA fast track designation (2020) for treatment of 
adult patients with R/R FL who have received at 
least two prior systemic therapies

Table 1. Approved and investigational PI3K inhibitors in chronic lymphocytic leukemia.

Agents that have not been studied in clinical trials in chronic lymphocytic leukemia since the approval of idelalisib in 2014 are not shown. 
CLL: chronic lymphocytic leukemia; EMA: European Medicines Agency; FDA: Food and Drug Administration; FL: follicular lymphoma; MZL: 
marginal zone lymphoma; R/R: relapsed/refractory; SLL: small lymphocytic lymphoma.
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plemental New Drug Application (sNDA) for the combina-
tion of umbralisib + ublituximab (U2) for the treatment of 
CLL in 2022.22,23 Umbralisib was also voluntarily withdrawn 
from sale for approved indications based on these events 
(Table 1). 
 
 

Factors limiting the use of currently 
approved PI3K inhibitors in chronic 
lymphocytic leukemia 
Even with encouraging efficacy reports, the use of PI3K in-
hibitors in CLL has experienced setbacks. Barriers include 
the broad range of toxicities and safety warnings associ-
ated with these agents, which may deter clinicians who 
are unfamiliar with their management.24 Other classes of 
effective and more tolerable targeted therapies are avail-
able in CLL, and real-world data suggest that treatment 
with a PI3K inhibitor following venetoclax results in less 
durable remissions than when venetoclax is followed by a 
BTK inhibitor or cellular therapy.25 This further contributes 
to pushing PI3K inhibitors back in the treatment sequenc-
ing line. 

Toxicity 
Initial studies on the first-in-class PI3K inhibitor idelalisib 
showed encouraging efficacy, but serious toxicities also 
emerged, more frequent in frontline treatment than in the 
R/R setting. In a randomized, double-blind, placebo-con-
trolled phase III study evaluating the efficacy and safety 
of rituximab with or without idelalisib in R/R CLL, the seri-
ous adverse event rates were similar between the idelal-
isib and placebo arms (40% and 35%, respectively).12 
However, the follow-up was short, and prolonged expo-
sure to idelalisib was later reported to increase the inci-
dence of all-grade and grade ≥3 diarrhea (46.4% and 
16.4%), colitis (10.9% and 8.2%) and pneumonitis (10.0% 
and 6.4%).13 
To evaluate idelalisib as initial therapy, a phase II study of 
idelalisib + rituximab in treatment-naïve older CLL pa-
tients was performed.26 The overall response rate was en-
couraging at 97%, and 100% in patients with TP53 
aberrations. However, the frequency of adverse events was 
higher in this treatment-naïve population than in pre-
viously treated patients. For example, all-grade and grade 
≥3 diarrhea and/or colitis occurred in 64% and 42% of the 
patients, respectively.26 A high frequency of serious ad-
verse events was also seen when idelalisib was given 
frontline in combination with the anti-CD20 antibody ofa-
tumumab.18 A follow-up outcome study showed that pa-
tients who stopped idelalisib due to toxicity (n=15) had a 
higher risk of subsequent disease progression than those 
who continued on therapy.27 However, no CLL-related 
deaths occurred, indicating that salvage treatment can be 

effective in this setting.  A recent study has shown that 
patients who developed grade ≥3 toxicity had higher re-
sponse rates and longer survival than those who did not 
have toxicity.28 
The DUO trial, a randomized phase III study of duvelisib 
versus ofatumumab in R/R CLL, showed a similar toxicity 
profile for duvelisib as for idelalisib.20 The most common 
grade ≥3 adverse events in the duvelisib arm at a median 
overall follow-up of 22.4 months were neutropenia (30%), 
diarrhea (15%) and pneumonia (14%). The high incidence 
of adverse events associated with idelalisib and duvelisib 
has led to the addition of black box warnings for both 
agents.29,30 
The broad range of toxicities associated with PI3K in-
hibitors does limit the use of these agents. In clinical trials 
with PI3K inhibitors in CLL, dose-reductions were per-
formed for up to 58% of the patients, while drug discon-
tinuation due to adverse events occurred in up to 39% of 
the cases.31 Toxicity and discontinuation rates are even 
higher outside clinical trials.32-35 A retrospective study of 
CLL patients treated with idelalisib + rituximab in the UK 
and Ireland (27 patients frontline, 83 R/R patients) showed 
that 87.3% of the patients discontinued idelalisib. The 
main reasons for discontinuation were adverse events 
(63% of frontline patients, 44.6% of R/R patients) and dis-
ease progression (3.7% of frontline patients, 20.5% of R/R 
patients). All-grade and grade ≥3 lower respiratory tract 
infection/pneumonia were reported in 34.5% and 19.1% of 
the patients, diarrhea in 30.9% and 6.4%, and colitis in 
9.1% and 5.5% of the patients, respectively.35 Furthermore, 
a comparison of outcomes for CLL patients treated with 
idelalisib + rituximab in clinical trial participants versus 
Medicare beneficiaries in the USA showed that the latter 
group had a shorter median treatment duration (173 days 
vs. 473 days), higher treatment discontinuation (43.2% vs. 
18%), higher mortality rate (hazard ratio 1.40), and higher 
fatal infection rate per 100 person-years (18.4 vs. 9.8).34 
Dose reduction was more frequent in trial participants 
than in Medicare beneficiaries (32.6% vs. 18%).  Interest-
ingly, the number of Medicare beneficiary patients receiv-
ing idelalisib + rituximab treatment dropped by more than 
60% during the first year following safety communications 
on risk of serious infections with idelalisib and the rec-
ommendation for prophylaxis in all idelalisib-treated pa-
tients.34 This underscores the need for easily available 
information on how to monitor and manage PI3K inhibitor 
toxicities. 

Opportunistic infections 
Studies have shown that opportunistic infections can be 
caused by treatment with idelalisib combinations. Three 
phase III studies comparing BR or rituximab with or with-
out idelalisib in treatment-naïve CLL or R/R indolent B-
cell non-Hodgkin lymphoma were halted due to excess 
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deaths and serious adverse events in the idelalisib arms, 
which were largely attributed to bacterial and opportun-
istic infections.36 
Although an increased risk of opportunistic infections was 
reported for patients treated with idelalisib in combination 
with rituximab with or without bendamustine, these find-
ings led to the recommendation for Pneumocystis jirovecii 
pneumonia (PJP) and antiviral prophylaxis as well as cyto-
megalovirus monitoring in all patients treated with idelal-
isib.36 The risk of cytomegalovirus reactivation appears 
greatest with bendamustine-based combinations.37 

Resistance 
Development of treatment resistance is a constant chal-
lenge for all types of cancer therapies. While resistance 
mechanisms to BTK inhibitors and venetoclax have been 
identified, revealing resistance mechanisms to PI3K in-
hibitors has proven more tedious.38 Initial whole-exome 
sequencing efforts on a PI3K inhibitor-resistant mouse 
model,39 as well as on samples from patients who prog-
ressed on idelalisib,40 did not identify mutations that could 

explain the resistance mechanisms. However, more recent 
studies indicate activating mutations in MAPK pathway 
genes and upregulation of IGF1R as resistance mechan-
isms in CLL.41;42 These findings suggest a role for MEK/ERK 
inhibitors in CLL, which were indeed shown to be effective 
in idelalisib-resistant CLL cells.43 In the same study, it was 
shown that CLL cells from idelalisib-exposed patients dis-
played increased sensitivity to venetoclax.43 This is in 
agreement with a study on follicular lymphoma which 
showed that treatment with idelalisib induces sensitivity 
to Bcl-2 inhibitors,44 and a third study showing that treat-
ment with duvelisib sensitizes CLL cells to venetoclax in 
vitro.45 Combinations involving PI3K inhibitors, MEK in-
hibitors and Bcl-2 inhibitors would therefore be of interest 
to explore in CLL. Indeed, ongoing trials are investigating 
combinations between venetoclax and the PI3K inhibitors 
idelalisib (NCT03639324), duvelisib (NCT03534323), and 
copanlisib (NCT04685915) in CLL (Table 2). Interestingly, 
ex vivo testing of idelalisib-resistant tumor cells has ident-
ified signatures that stratify responders and non-re-
sponders. A genetic signature was reported in follicular 

ClincialTrials.gov 
identifier (phase) Acronym PI3Ki CLL  

population
Strategy 

(combination)

Primary 
outcome 

measurement
Comment

NCT04282018 
(phase I/II)

BGB-10188 R/R BGB-10188 alone 
or with zanubrutinib

Dosing, safety 
and tolerability

NCT04685915 
(phase II) 

Copanlisib 
 

R/R 
 

Copanlisib +  
ibrutinib 

 

CR 
 

Adding a fixed  
duration of copanlisib 

to ibrutinib
NCT03886649 
(phase I)

Copanlisib R/R Copanlisib +  
venetoclax

DLT 

NCT03884998 
(phase I)

Copanlisib Transformed Copanlisib +  
nivolumab

MTD 

NCT03961672 
(phase II) 
 

Duvelisib 
 
 

R/R 
 
 

Intermittent  
dosing 

 
 

PFS 
 
 

Three cycles of 
continuous dosing 

followed by  
intermittent dosing 

NCT03534323 
(phase 1/2)

Duvelisib R/R Duvelisib +  
venetoclax

Dosing, PFS 

NCT04809467 
(phase I/II)

topMIND Parsaclisib R/R Parsaclisib +  
tafasitamab

AE and DLT 

NCT04948788 
(phase I/II) 

YY-20394 
 

R/R 
 

YY-20394 + 
SHR145 

MTD or recom-
mended phase II 

dose

NCT02914938 
(phase I) 

Zandelisib 
 

R/R 
 

Zandelisib alone or 
with rituximab or 

zanubrutinib

Dosing, safety 
and tolerability 

NCT05209308 
(phase II) 
 

CORAL 
 
 

Zandelisib 
 
 

R/R 
 
 

Zandelisib +  
venetoclax +  

rituximab 
 

uMRD 
 
 

Intermittent dosing of 
zandelisib, initial 

phase I reduced dose 
of venetoclax

Table 2. Select next-generation PI3K inhibitor trials in chronic lymphocytic leukemia with novel-novel combinations and/or 
alternative dosing schedules.

AE: adverse event; CR: complete remission; DLT: dose-limiting toxicities; MTD: maximum tolerated dose; PFS: progression-free survival; R/R: 
relapsed/refractory; uMRD: undetectable minimal residual disease
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lymphoma,44 while a drug sensitivity profile was reported 
in CLL.17 Idelalisib treatment interferes with the 
CD40/CD40L pathway and induces downregulation of pro-
teins involved in communication between lymphoma cells 
and the tumor microenvironment. This leads to reduced 
microenvironmental support and inhibition of tumor cell 
proliferation.44 High response rates to idelalisib and co-
panlisib have been associated with high expression/acti-
vation of proteins in the PI3K pathway, and levels of raptor 
were significantly associated with response to the 
p110a/b/g/d inhibitor buparlisib.17,46-48 It will be of interest 
to test the predictive value of these biomarkers in pros-
pective clinical trials.  
 
 

Current strategies to overcome PI3K 
inhibitor limitations in chronic lym-
phocytic leukemia 
Toxicity is the main limiting factor to the use of currently 
approved PI3K inhibitors in CLL. Efforts are ongoing to 
overcome this limitation by developing more specific 
next-generation inhibitors (Figure 1) and to employ alter-
native combination or dosing regimens (Figure 2, Table 2). 
Below, we discuss the current strategies for PI3K inhibitors 
studied in clinical trials on CLL since the approval of ide-
lalisib in 2014. 

p110d inhibitors 
Idelalisib 
Findings from a retrospective observational study of clini-
cal outcomes of CLL patients treated with idelalisib + ri-
tuximab suggested that treatment benefit extended 
considerably beyond the treatment duration.35 While the 
median treatment duration in this study was 11.9 months, 
the median PFS and time to next treatment were 29.6 and 
29.2 months, respectively. These findings may indicate 
benefit from fixed-duration therapy. It would therefore be 

of interest to study intermittent or time-limited dosing of 
idelalisib in prospective clinical trials.  

Umbralisib 
Umbralisib shows a much higher selectivity to p110d 
relative to other p110 isoforms, such as idelalisib and du-
velisib, and has fewer off-targets.17,21 The phase I study in 
R/R CLL showed that it was well tolerated. The safety pro-
file was distinct from that of idelalisib and duvelisib, with 
fewer cases of grade 1-2 and grade 3 colitis (0% and 2%), 
diarrhea (40% and 3%), and pneumonia (2% and 6%) at a 
median follow-up of 133 days.21 Toxicities associated with 
idelalisib and duvelisib are thought to be immune-me-
diated, and ex vivo or in vivo treatment with these agents 
affects regulatory T-cell function and numbers.49-52 Inter-
estingly, treatment of Em-TCL1 CLL mice with umbralisib, 
as opposed to treatment with idelalisib or duvelisib, was 
shown to spare the regulatory T cells,53 suggesting a 

Figure 1. PI3K inhibitors in clinical trials in chronic lymphocytic 
leukemia. Overview of the number of phase I, II, and III clinical 
trials with the indicated PI3K inhibitors in chronic lymphocytic 
leukemia (CLL) registered at ClinicalTrials.gov. Agents that have 
not been studied in clinical trials in CLL since the approval of 
idelalisib in 2014 were excluded from the analysis. PI3K 
inhibitors with European Medicines Agency/Food and Drug 
Administration approval in CLL are indicated with a star. 
*Excluding terminated or withdrawn trials.

Figure 2. Current strategies to overcome the limitations of PI3K inhibitors. The figure shows current strategies to overcome PI3K 
inhibitor limitations discussed in the main text, and indicates which strategies are employed for the different inhibitors. The 
color key indicates the p110 specificity of the inhibitors. CAR-T: chimeric antigen receptor T-cell; Bcl-2i: B-cell lymphoma-2 
inhibitor; BTKi: Bruton tyrosine kinase inhibitor; PD-L1: programmed death ligand 1; Treg: regulatory T cell.
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mechanism for the improved safety profile of umbralisib. 
Umbralisib in combination with ublituximab (U2) showed 
promising activity in a phase I trial in R/R CLL.54 Discon-
tinuation of treatment due to adverse events occurred in 
13% of the patients, and dose reduction occurred in 15% 
of the patients.54 These initial results led to the random-
ized phase III UNITY-CLL trial of U2 versus obinutuzumab 
+ chlorambucil in treatment-naïve and R/R CLL (Table 2).55 
At a median follow-up of 36.2 months, PFS was signifi-
cantly longer in the U2 arm (31.9 months vs. 17.9 months). 
The favorable PFS was consistent in both treatment-naïve 
(38.5 months vs. 26.1 months) and R/R (19.5 months vs. 
12.9 months) CLL patients.55 However, the choice to use 
obinutuzumab + chlorambucil in the control arm for R/R 
CLL was somewhat surprising since chemoimmunother-
apy is rarely used as salvage therapy for relapsed CLL.56 
Typical PI3K inhibitor toxicities were reported, but at lower 
rates than observed with idelalisib or duvelisib (neutrope-
nia 30.6%, diarrhea 12.1%, colitis 3.4%, pneumonitis 2.9%).55  
Umbralisib received fast track FDA approval status for CLL 
in combination with anti-CD20 antibody in 2020 (Table 1). 
However, the developer voluntarily withdrew the pending 
BLA/sNDA for the U2 combination for treatment of CLL 
based on updated OS data from the UNITY-CLL trial in 
2022.22,23 Umbralisib was also voluntarily withdrawn from 
sale for approved indications by the developer based on 
the withdrawal of the BLA and sNDA for U2 in CLL the 
same year. 
 
Zandelisib 
Zandelisib is a selective p110d inhibitor with longer p110d 
occupancy than idelalisib.57,58 A phase I study in healthy 
volunteers identified 60 mg once a day as the optimal 
dose, due to approximately 90% inhibition of basophil ac-
tivation.58 A phase Ib dose escalation study in follicular 
lymphoma and CLL/small lymphocytic leukemia showed 
that the most common adverse events had a delayed 
onset beyond cycle 2, as is typical of most PI3K immune-
mediated toxicities.59 These adverse events, which in-
cluded grade 3 diarrhea and rash, were reversible with 
drug interruption and/or corticosteroids. These findings 
motivated a phase I trial with intermittent dosing (7 days 
on/21 days off) after two continuous cycles (Figure 2).60 
The rationale for the time off was based on the time it 
takes for regulatory T cells to repopulate (14 days), while 
the initial two cycles were used for tumor debulking. Pre-
liminary results indicate a reduced rate of delayed grade 
3 adverse events with maintained efficacy on the inter-
mittent dosing schedule.60 TIDAL is a phase II study of in-
termittent dosing in patients with R/R follicular lymphoma 
(NCT03768505). Eligible patients must have received prior 
therapy with an anti-CD20 antibody and chemotherapy 
with an alkylating agent or purine analogue, and no prior 
PI3Kd therapy. The trial was originally designed to compare 

continuous and intermittent dosing schedules,62 but has 
been revised to study only intermittent dosing. The phase 
III COASTAL study compares zandelisib + rituximab to im-
munochemotherapy in patients with relapsed (≥1 prior line 
of therapy) indolent non-Hodgkin lymphoma.63 Eligible pa-
tients must have received an anti-CD20 antibody com-
bined with chemotherapy or lenalidomide, and no prior 
PI3K inhibitor therapy. All patients in the zandelisib arm 
will be treated on the intermittent schedule 
(NCT04745832). In March 2020 the FDA granted zandelisib 
fast track designation for treatment of adult patients with 
R/R follicular lymphoma who have received at least two 
prior systemic therapies.  
 
Parsaclisib 
Parsaclisib is a potent and selective p110d inhibitor.63 Inter-
mittent dosing has been explored in a phase I trial in patients 
with R/R B-cell malignancies (Figure 2).64 Eligible patients 
had to have received one or more prior treatment regimens, 
excluding allogeneic hematopoietic stem cell transplant 
within the preceding 6 months and autologous hemato-
poietic stem cell transplant within the last 3 months. Pa-
tients received 20 mg of parsaclisib once a day for the first 
9 weeks followed by 20 mg once a week to decrease late-
onset adverse events. This design was based on a com-
parative pharmacokinetic/dynamic simulation with 
copanlisib.64,65 Encouragingly, there were no treatment dis-
continuations due to adverse events in the intermittent dos-
ing arm. Grade ≥3 adverse events were few (n=1 neutropenia, 
n=1 diarrhea). In the continuous treatment arm, discontinu-
ations were observed in 13% of the patients, and grade 4 
neutropenia was reported in 6% of the patients. Taken to-
gether, this suggests that intermittent treatment with par-
saclisib is better tolerated than continuous treatment.  
 
BGB-10188  
BGB-10188 is a highly selective p110d inhibitor.66 It has 
shown antitumor activity in B-cell lymphoma xenograft 
models, with an improved safety margin compared to 
other p110d inhibitors.66 BGB-10188 is currently being 
studied as monotherapy and in combination with zanu-
brutinib and the humanized IgG4 anti-PD-1 antibody tis-
lelizumab in a phase I/II trial on R/R CLL (NCT04282018) 
(Table 2, Figure 2). 
 
YY-20394 
YY-20394 is a selective p110d inhibitor.67 A phase I clinical 
trial in patients with R/R B-cell hematologic malignancies 
documented a median PFS of 255 days.67 Eligible patients 
could not have experienced disease progression on prior 
PI3Kd inhibitor therapy. A durable response of approxi-
mately 36 months was observed in a CLL patient. The 
most frequent grade ≥3 adverse events were neutropenia 
(44%), pneumonia (16%), and hyperuricemia (12%). Grade 
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1/2 diarrhea was reported in 8% of the patients.67 Based 
on this study, the recommended phase II dose was set at 
80 mg once daily.67 Additional phase I studies are ongoing 
in R/R follicular non-Hodgkin lymphoma (NCT04370405), 
R/R peripheral T-cell lymphoma (NCT04108325), and R/R 
B-cell hematologic malignancies (NCT04279405). YY-
20394 is currently being studied in combination with the 
BTK inhibitor SHR145 in R/R B-cell non-Hodgkin lymphoma 
(NCT04948788) (Figure 2). Phase II trials with YY-20394 
monotherapy are planned in patients with R/R follicular 
lymphoma (NCT04379167), R/R peripheral T/NK cell lym-
phoma (NCT04705090), and R/R thymic cancer 
(NCT04975061). A phase I/II trial on YY-20394 combined 
with GEMOX (gemcitabine and oxaliplatin) is planned for 
patients with R/R diffuse large B-cell lymphoma 
(NCT04500561). 
 
HMPL-689 
HMPL-689 is a selective p110d inhibitor.68 A phase I dose 
escalation and expansion study with HMPL-689 in patients 
with R/R lymphoma is currently ongoing (NCT03786926). 
For eligible patients, standard-of-care treatment options 
should no longer exist, except for PI3Kd inhibitors. Results 
have not yet been reported. HMPL-689 is also being 
studied in patients with R/R marginal zone lymphoma and 
follicular lymphoma (NCT04849351). Eligible patients 
should not have received prior treatment with any PI3K or 
BTK inhibitor. 

p110g/d inhibitors 
Duvelisib 
Intermittent dosing of duvelisib is being studied in the 
phase II TEMPO trial (NCT03961672) (Table 2), with the hy-
pothesis that this may reduce toxicity (Figure 2). Duvelisib 
will be administered continuously for three cycles, fol-
lowed by maintenance on days 1-2, 8-9, 15-16, 22-23 of 
each cycle in the absence of disease progression or un-
acceptable toxicity.  
 
Tenalisib 
Tenalisib is a highly specific, orally available p110g/d in-
hibitor with demonstrated anti-tumor activity in Hodgkin 
lymphoma cell line xenografts.69 In a phase I study in R/R 
hematologic malignancies, tenalisib was administered 
twice/thrice a day with a starting dose of 25 mg twice a 
day.70 Eligible patients had received at least one prior line 
of treatment, were unresponsive to standard therapy, and 
were not eligible for transplantation. Thirty-three of 35 en-
rolled patients completed a 28-day follow-up. The most 
frequently reported any-grade and grade ≥3 related ad-
verse events were diarrhea (6% and 3%), hypertriglyceride-
mia (6% and 3%), and nausea (9% and 0%).70 A phase I 
study of tenalisib in patients with R/R T-cell lymphoma 
applied a dosing scheme of 200 mg to 800 mg twice 

daily.71 The most frequently reported adverse events were 
fatigue (44.8%), aspartate/alanine aminotransferase in-
crease (36.2%/34-5%), and diarrhea (32.8%).71 Phase II 
studies of tenalisib in R/R indolent non-Hodgkin lym-
phoma (NCT03711578) and R/R CLL (NCT04204057) have 
been completed. Tenalisib was administered at the dose 
of 800 mg twice daily in the latter two trials. In the study 
on CLL, eligible patients should have received at least one 
prior therapy, excluding a PI3K inhibitor. Publication of re-
sults is awaited. 
 

p110a/b/g/d inhibitors 
Copanlisib 
Copanlisib is a p110a/b/g/d inhibitor.72 It has been shown to 
be more effective at killing CLL cells than p110d selective 
inhibitors,17,73 and shows increased activity in tumor cells 
with aberrant activation of PI3K.72 It is effective both at 
continuous and intermittent dosing (Figure 2), and weekly 
dosing was shown to be sufficient to achieve sustained 
response in a xenograft model of non-small cell lung 
cancer.72 An intermittent schedule with copanlisib admin-
istered intravenously at 60 mg on days 1, 8, and 15 of a 28-
day cycle was applied in the phase II CHRONOS-1 study 
enrolling patients with both indolent and aggressive R/R 
malignant lymphomas.47 For patients with indolent non-
Hodgkin lymphoma, inclusion criteria included relapsed 
disease after prior treatment with two or more chemo-
therapy- or immunotherapy-based regimens, or disease 
refractory to two prior chemotherapy- and/or immuno-
therapy-based regimens. The reported median PFS was 
390 days (indolent lymphoma) and 70 days (aggressive 
lymphoma), and the median duration of response was 390 
days and 166 days, respectively. Common adverse events 
were hyperglycemia (57.1% and 23.8%), hypertension 
(54.8% and 40.5%), and diarrhea (40.5% and 4.8%).47 The 
unique toxicity profile is likely associated with the in-
hibition of p110a. Dose delays were reported for 74% of the 
patients with indolent lymphoma, of which 91% were due 
to adverse events. Most of the delays (55%) lasted <1 
week. Dose reductions occurred in 26% (to 45 mg) and 7% 
(30 mg) of these patients.46 Encouragingly, the 2-year fol-
low-up of this study showed no evidence of an increased 
incidence or worsening of serious adverse events following 
longer treatment.74 Based on results from this trial, copan-
lisib was approved by the FDA in 2017 for the treatment of 
relapsed follicular lymphoma after at least two prior sys-
temic therapies.  
The phase III CHRONOS-3 trial compares copanlisib + ri-
tuximab to placebo + rituximab in patients with relapsed 
indolent non-Hodgkin lymphoma.75 In this study, previous 
exposure to a PI3K inhibitor, except copanlisib, is accept-
able provided there is no resistance. Intolerance to PI3K 
inhibitors other than copanlisib is acceptable. At a median 
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follow-up of 19.2 months, the PFS was 21.5 months and 
13.8 months in the copanlisib arm and control arm, re-
spectively. The most frequent grade ≥3 adverse events 
were hyperglycemia (56% and 8%) and hypertension (40% 
and 9%). This study demonstrates that copanlisib can be 
safely combined with rituximab. 
The phase III CHRONOS-4 trial (NCT02626455) is evaluating 
the feasibility of combining copanlisib with standard 
chemoimmunotherapy (rituximab + bendamustine [BR, 
n=10 patients] or rituximab + cyclophosphamide, doxorubi-
cin, vincristine, prednisone [R-CHOP, n=11 patients]) in R/R 
indolent non-Hodgkin lymphoma.76 Previous exposure to a 
PI3K inhibitor, except copanlisib, is acceptable provided 
there was no resistance. The most common all-grade and 
grade ≥3 adverse events in the BR arm were neutropenia 
(80% and 50%), nausea (70% and 0%), decreased platelet 
count (60% and 10%), and hyperglycemia (60% and 50%). 
In the R-CHOP arm they were hyperglycemia (82% and 
64%), hypertension (73% and 64%), and neutropenia (64% 
and 64%).76 The objective response rates were 90% and 
100% in the two treatment arms, respectively.76 
 
Buparlisib 
Buparlisib is an orally available p110a/b/g/d inhibitor able 
to cross the blood-brain barrier.77 It has been shown to 
induce cell death in CLL cells more potently than p110d 
selective inhibitors.17,78 A phase II study of buparlisib in re-
lapsed non-Hodgkin lymphoma demonstrated overall re-
sponse rates between 11%-25%, depending on the 
indication.79 Eligible patients had received at least one 
prior therapy, with prior PI3K inhibitor excluded. The most 
common any-grade adverse events were hyperglycemia, 
fatigue, and nausea (all 36.1%), depression (29.2%), diar-
rhea (27.8%), and anxiety (25.0%). Grade ≥3 adverse events 
included hyperglycemia (11.1%) and neutropenia (5.6%).79 A 
phase II study of buparlisib in CLL reported a similar toxic-
ity profile.48 Eligible patients had received at least one 
prior systemic treatment, excluding buparlisib. Mood al-
terations associated with buparlisib treatment distinguish 
this agent from copanlisib. There are no active clinical 
studies on buparlisib in CLL. 

Combination therapies 
As discussed above, early studies reported an increased 
risk of opportunistic infections among patients treated 
with idelalisib in combination with rituximab with or with-
out bendamustine. Current efforts are therefore aimed at 
identifying combination regimens that are safe or theor-
etically limit toxicity. 
Toxicities associated with idelalisib are thought to be im-
mune-mediated.31 Idelalisib may therefore pair well with 
chimeric antigen receptor (CAR) T cells (Figure 2). Treat-
ment with idelalisib during culturing of CAR T cells has 
been shown to increase T-cell viability and CD19-CAR ex-

pression in both healthy donors and CLL patients, overall 
improving the CAR T-cell products.80 Similarly, duvelisib 
treatment can improve the efficacy of CAR T-cells for CLL 
(Figure 2).81 In vitro addition of duvelisib during production 
of CAR T cells resulted in a CAR T product (duv-CAR) with 
stem-like qualities and improved metabolic fitness, which 
induced faster elimination of CLL cells in a xenograft 
mouse model.81 This finding suggests a novel place for du-
velisib in CLL therapy. 
Another treatment strategy could be to combine PI3K in-
hibitors with a drug that counteracts their effects on T 
cells.82 Histone deacetylase inhibitors83,84 and proteasome 
inhibitors85,86 have been shown to enhance regulatory T 
cells, and could serve as potential partners for PI3K in-
hibitors. The proteasome inhibitor ixazomib had demon-
strated activity in an index case of relapsed CLL,87 and a 
phase I trial is evaluating the combination of duvelisib with 
either the histone deacetylase inhibitor romidepsin or the 
proteasome inhibitor bortezomib in R/R T-cell lymphomas 
(NCT02783625) (Figure 2).88 Combined treatment with ro-
midepsin + duvelisib resulted in lower rates of transamini-
tis compared to what was previously reported for duvelisib 
alone.88 Additional trials involve PI3K inhibitor + romid-
epsin combinations for the same indication 
(NCT03770000, tenalisib; NCT04774068, parsaclisib; 
NCT04233697, copanlisib, withdrawn since the investiga-
tor left the institution) (Figure 2). It would be of interest 
to study whether similar combinations are effective and 
well-tolerated in CLL as well.  
Idelalisib is also being studied in combination with the 
BTK inhibitor tirabrutinib, with or without obinutuzumab, 
in R/R CLL (NCT02457598, NCT02968563).89 The first re-
port on tirabrutinib + idelalisib demonstrated promising 
efficacy, but with the same complete response rate (7%) 
as that observed with tirabrutinib monotherapy.89 All pa-
tients (100%) in the tirabrutinib + idelalisib arm (n=14) ex-
perienced grade ≥3 laboratory abnormalities, including 
neutropenia (43%). Two of the patients developed grade 
1-2 pneumonitis and one patient died.89 Other trials are 
studying combined treatment with duvelisib and veneto-
clax in R/R CLL (NCT03534323) (Table 2, Figure 2), the 
combination of zandelisib with rituximab, zanubrutinib 
and/or venetoclax in CLL (NCT02914938, NCT05209308) 
(Table 2, Figure 2), and several studies were initiated with 
U2-based combinations, but these were halted due to the 
updated OS data from UNITY-CLL. 
Time-limited or intermittent dosing schedules for PI3K in-
hibitor combinations are also being explored as an ap-
proach to limit toxicity (Figure 2). The phase Ib/IIa topMIND 
study is evaluating intermittent dosing of parsaclisib com-
bined with the anti-CD19 antibody tafasitamab in R/R CLL 
(NCT04809467) (Table 2), while a phase II trial 
(NCT04685915) is exploring a time-limited treatment with 
copanlisib to deepen the responses to ibrutinib. In addi-
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tion, a phase I trial (NCT03886649) is studying combined 
treatment with copanlisib + venetoclax (Figure 2), while 
another trial (NCT03884998) is currently evaluating copan-
lisib in combination with the PD-1 inhibitor nivolumab in 
transformed CLL (Table 2, Figure 2). The large number of 
clinical trials with copanlisib combinations in hematologic 
malignancies suggests that this agent is finding a home.90 
Overall, it is hoped that these new combination ap-
proaches will provide more tolerable regimens compared 
to the initial idelalisib-based combinations. 

Where do we go from here? 
Although the implementation of PI3K inhibitor-based 
regimens in CLL management has faced various chal-
lenges, efforts remain profuse to optimize their use and 
identify tolerable schedules and combinations. Both pa-
tient selection and optimized patient management can re-
duce risks. Autoimmune toxicity is less in older patients 
and those who are more heavily pretreated. Infectious 
toxicity can be managed by prophylactic treatment of 
neutropenia and Pneumocystis jirovecii pneumonia, and 
antiviral prophylaxis. Currently, PI3K inhibitors are best 
used after BTK inhibitors or venetoclax in the management 
of CLL, as per ESMO guidelines.9 It is important to note 
that PI3K inhibitors can generally be used in patients with 
severe cardiac or renal disease, which may influence their 
choice in selected patients. It is also important that new 
clinical trial designs better reflect current recommenda-
tions by including patients who have been exposed to sev-
eral lines of therapy, including targeted therapies and in 
some cases even a PI3K inhibitor.   
For the future, intermittent dosing schedules and next-gen-
eration inhibitors hold the promise of reduced autoimmune 
toxicity. There is currently most activity in developing next-
generation p110d specific inhibitors, but the p110a/b/g/d in-
hibitor copanlisib is also finding its place.  
With the growing number of targeted therapies available 
and in development for CLL, the question becomes: how 
to choose the right therapy for the right patient at the 
right time? Current treatment guidelines for CLL are based 
on relatively generic biomarkers such as IGVH and TP53 
mutational status.9 Higher-resolution patient stratification 
will be possible if biomarkers identified in pre-clinical 
studies can be validated in biomarker-driven clinical trials 

and implemented in routine practice. In general, clinical 
trials of novel therapies should biobank samples dedi-
cated to functional analyses such as cell signaling profil-
ing, immune phenotyping, and ex vivo drug sensitivity 
testing, in addition to genetic profiling, to allow for identi-
fication of molecular signatures predictive of treatment 
responses, including tolerability.91 To develop truly predic-
tive prognostic markers in this heterogeneous disease, 
sharing of comprehensive clinical, genetic, and functional 
data from both clinical trials and real-world cohorts is 
necessary.92 Based on these data, maximally predictive 
models and minimal biomarker signatures can be devel-
oped to inform personalized treatment decisions. This ap-
proach to precision medicine is exemplified by the 
European Union-funded CLL-CLUE consortium.93 The goal 
is to maximize efficacy and minimize toxicity by matching 
the right therapy to the right patient at the right time. 
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