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Abstract: The development of highly effective targeted therapies has led to a new 
treatment paradigm in patients with chronic lymphocytic leukemia or small lymphocy-
tic lymphoma (CLL/SLL). Despite these advances, many patients will eventually 
require alternative treatment strategies due to the emergence of tolerability issues or 
resistance to these novel agents. Duvelisib is a first-in-class, potent oral agent with dual 
inhibitor activity against the δ and γ isoforms of phosphoinositide 3-kinase (PI3Kδ and 
PI3Kγ), which are specific to the hematopoietic system. Dysregulation of the PI3K/ 
PTEN/AKT/mTOR pathway has been implicated in cancer cell growth, survival and 
metabolism and has been the subject of cancer drug development in recent years. 
Duvelisib demonstrated activity in CLL/SLL in early trials, leading to further evalua-
tion in the Phase 3 DUO trial that compared duvelisib against ofatumumab in patients 
with relapsed/refractory CLL/SLL. This trial led to the Food and Drug Administration 
(FDA) approval for the treatment of adult patients with CLL/SLL after at least two 
prior lines of therapy. The major reason for therapy discontinuation is the development 
of serious adverse events, which include severe infections and diarrhea/colitis, preclud-
ing its widespread use. Ongoing clinical trials are evaluating duvelisib in combination 
strategies and with alternate dosing schedules in patients with CLL/SLL. With close 
monitoring, duvelisib can be a promising drug for the treatment of patients with 
relapsed or refractory CLL/SLL. This review summarizes the relevant clinical data 
from recent clinical advances in CLL and aims to interpret the duvelisib trials while 
exploring strategies to improve its use and adverse event management in the era of 
novel targeted agents. 
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Introduction
Chronic Lymphocytic Leukemia (CLL) and Small Lymphocytic Lymphoma (SLL) 
are considered to be different presentations of the same mature B-cell neoplasm.1,2 

In 2020, the Surveillance, Epidemiology and End Result program (SEER) database 
estimated 21,040 new cases of CLL in the United States with 4060 deaths attributed 
to this disease.3 This translates into an incidence of CLL in the United States of 
approximately 5.0 per 100,000 men or women with a lifetime risk of 0.6%. CLL is 
largely considered a disease of the elderly with a median age at diagnosis of 70 and 
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affects men approximately twice as often as women.3 

While several novel therapies have been developed for 
the treatment of CLL in recent years, most patients with 
CLL ultimately progress or relapse requiring therapy.4,5

The natural history of CLL/SLL is variable and out-
comes are influenced by patient characteristics, clinical 
factors at the time of diagnosis, and the genetics of the 
tumor. Given the heterogeneity in clinical outcomes in 
CLL, not all patients require therapy at the time of diag-
nosis and clinical decision-making is centered on selecting 
optimal therapy taking into consideration the patient and 
the disease. Clinical factors associated with worse prog-
nosis include advanced age, male sex, and clinical Rai or 
Binet stage.6 Genetic abnormalities associated with a poor 
prognosis in CLL include presence of del (11q), del (17p) 
or alterations in TP53 gene, and unmutated immunoglobu-
lin heavy chain variable region (IGHV).7–13

Current Treatment Approaches in 
CLL
The majority of patients with a CLL diagnosis do not 
require therapy at the time of initial diagnosis and active 
surveillance is appropriate. The international workshop on 
CLL (iwCLL) has proposed criteria for the initiation of 
therapy and these recommendations highlight the impor-
tance of a treatment approach guided by symptoms or 
signs of disease progression.14 When therapy is indicated, 
there are several treatment options available for both the 
front-line and relapsed/refractory (R/R) setting. In the 
treatment-naive setting, in no particular order, continuous 
daily dosing with either Bruton’s tyrosine kinase inhibitor 
(BTKi), ibrutinib or acalabrutinib, or fixed-duration ther-
apy for 12 months with the BCL-2 inhibitor (BCL2i), 
venetoclax, given in combination with the monoclonal 
antibody obinutuzumab are Food and Drug 
Administration (FDA)-approved and preferred regimens 
for the treatment of CLL with or without del(17p).

Ibrutinib as monotherapy and in combination with both 
rituximab and obinutuzumab established efficacy in the 
treatment of CLL based on the findings of several clinical 
trials.15–21 One of the concerns is the potential toxicity that 
can occur as a result of indefinite treatment. The risk of 
atrial fibrillation along with the bleeding risk, require care-
ful selection of candidates for this therapy.22 Furthermore, 
the risk of atrial fibrillation on ibrutinib therapy appears to 
be increased in patients with prior history of atrial fibrilla-
tion and age > 65, the latter reflecting the majority of the 

overall CLL/SLL population.23 Importantly, there is a risk 
of developing hypertension over time, which can contri-
bute to the risk for cardiac arrhythmias.

Acalabrutinib, a highly-selective, covalent, irreversible 
BTKi, has also received recent approval for the treatment 
of CLL based on initial findings from the ELEVATE-TN 
study and the ASCEND trial. In the ELEVATE-TN trial, 
both acalabrutinib monotherapy and acalabrutinib com-
bined with obinutuzumab significantly prolonged median 
progression-free survival (PFS) compared to combination 
chlorambucil-obinutuzumab therapy in the front-line 
setting.24 In the ASCEND trial, acalabrutinib demon-
strated superior PFS compared to investigator’s choice of 
idelalisib or bendamustine in combination with rituximab 
in previously treated CLL/SLL patients.25 Together these 
two trials demonstrate the effectiveness of acalabrutinib 
for the treatment of CLL, however, similar to ibrutinib- 
based therapy, treatment with acalabrutinib carries a risk of 
atrial fibrillation (~3%) and bleeding (grade 3 or higher, 
~2%) and requires continuous therapy until disease 
progression.24 A recent press release from the phase 3 
ELEVATE R/R trial demonstrated that compared to ibru-
tinib, acalabrutinib met the study’s primary endpoint of 
non-inferior PFS with statistically lower incidence of atrial 
fibrillation.26 Data from this trial are not yet available to 
determine how this will impact further guidance.

Venetoclax, a BCL2i, is also indicated for the first-line 
therapy of CLL in combination with obinutuzumab based on 
outcomes from the CLL14 trial, which showed a 3-year PFS of 
81.9%.27,28 At a median follow-up of 39.6 months, the median 
PFS was not reached for the patients treated with venetoclax. 
A major advantage to this approach is that therapy is limited to 
12 months, with the majority of patients being free of disease 2 
years post completion of time-limited therapy.28 Given its 
mechanism of action of inhibiting the anti-apoptotic protein 
BCL-2, venetoclax use carries a risk of tumor lysis syndrome 
especially at the beginning and requires risk-adapted titration 
and monitoring per the manufacturer’s guidelines.29

While chemo-immunotherapy (CIT) use has decreased in 
the front-line setting, fludarabine-cyclophosphamide- 
rituximab (FCR) remains an option for select young, fit 
patients with mutated IGHV who do not have a 17p deletion 
or TP53 mutation. This finding is supported by long-term 
follow up from the original phase 2 single-arm study of FCR 
and from the phase 3 CLL8 trial which show that prolonged 
remissions, and potentially “cures”, are possible.30–34 E1912 
trial compared FCR against ibrutinib-rituximab in newly 
diagnosed CLL patients under the age of 70 without del 
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(17p). Although patients treated with ibrutinib-rituximab had 
a superior PFS and overall survival (OS), in the subset of 
patients with mutated IGHV, there was no statistically sig-
nificant difference in 3-years PFS.20 FCR, however, was 
associated with a higher rate of infectious complications, 
including neutropenic fever, and has been associated with 
an increased risk of treatment-related acute myeloid leuke-
mia and myelodysplastic syndrome.20,35 While FCR has the 
advantages of fixed duration (6 cycles) and potential for cure, 
this needs to be weighed against the possible treatment- 
related toxicities when considering this regimen.

In the relapsed or refractory setting, there are several 
therapeutic options including any of the first-line regimens 
not previously administered, the PI3Kδ inhibitor, idelali-
sib, with or without rituximab, the PI3Kγ,δ inhibitor, 
duvelisib, and CIT. CIT use, however, is generally less 
favored in light of the availability of more effective and 
safer targeted agents such as an alternate tyrosine kinase 
inhibitor.

The optimal sequencing of therapies in the R/R setting 
remains unknown at this time as randomized trials evalu-
ating these novel agents after prior BTKi or BCL2 inhi-
bitor therapy in the front-line setting are not available. 
Importantly, patients previously treated with BTKi, PI3Ki 
or BCL2i were ineligible to participate in six landmark 
trials for relapsed/refractory disease with novel agents 
(RESONATE, ASCEND, M13-982, MURANO, Study 
116, DUO).16,25,36–39 As a result, decisions regarding sub-
sequent therapy require taking into consideration the 
patient’s age and comorbidities, their response to prior 
therapies and the reasons for discontinuation (progression 
while on therapy vs relapse post completion of therapy vs 
intolerance), and the genetics of the CLL/SLL at the time 
of relapse (eg presence or absence of mutated TP53).40 

Unfortunately, despite the panoply of options, patients 
with a CLL diagnosis may relapse making effective ther-
apeutic options that target distinct pathways a necessity.

Duvelisib: A First-in-Class PI3K-δ,γ 
Inhibitor for the Treatment of 
Relapsed/Refractory CLL
The PI3K family of kinases plays an important role in 
intracellular signaling in response to growth factors, cyto-
kines and chemokines, typically through activation of the 
PI3K, protein kinase B (AKT), and mammalian target of 
rapamycin (mTOR) pathway. Deregulation of this pathway 
has been implicated in cancer cell growth, survival and 

metabolism and has been the subject of cancer drug devel-
opment in recent years. Specifically, novel agents have 
been developed to target certain isoforms of Class 
I PI3K (α, ß, γ and δ), which appears to be more integral 
to oncogenesis than PI3K classes II and III.41,42 While 
activating PI3KA mutations are often seen in solid tumor 
malignancies (eg 40% of hormone-receptor positive, HER- 
2 negative metastatic breast cancers), these alterations are 
rarely seen in B-cell malignancies.41,43 Rather, PI3K acti-
vation in B-cell disorders occurs primarily through recep-
tor tyrosine kinase-mediated signaling, such as via B-cell 
receptor (BCR) activation. While PI3Kα and PI3Kß iso-
forms are ubiquitously expressed, PI3Kδ and PI3Kγ are 
specific to the hematopoietic system.44 Pre-clinical studies 
have demonstrated that the PI3Kδ isoform, which is selec-
tively expressed by leukocytes, is crucial for B-cell survi-
val and migration, making it an attractive target for 
therapies. PI3Kγ, in contrast, is minimally expressed on 
B-cells, and instead is expressed on T-cells and myeloid 
cells. The rationale for targeting the γ isoform of PI3K is 
that it may reduce cytokine production by T-cells and 
macrophages in the tumor microenvironment, which may 
be contributing to neoplastic B-cell survival.41,45,46

There are currently 4 FDA-approved PI3K inhibitors 
for the treatment of B-cell malignancies, idelalisib, copan-
lisib, duvelisib, and umbralisib. Idelalisib is an oral, highly 
selective inhibitor of PI3Kδ, copanlisib is an intravenous 
pan-class I PI3K inhibitor with predominant activity 
against the PI3Kδ and PI3Kα isoforms, duvelisib (IPI- 
145) is a dual inhibitor against PI3Kδ and PI3Kγ, and 
umbralisib is a dual inhibitor of PI3Kδ and CK1ε. The 
inhibitory concentrations (IC50 expressed in nanomolar) of 
these PI3K inhibitors are shown in Table 1.

Duvelisib’s structure is similar to that of idelalisib, how-
ever, duvelisib has unique specificity (see Table 1) and 

Table 1 IC50 of Select PI3K Inhibitors Used in Hematologic 
Malignancies

Drug PI3Kα PI3Kβ PI3Kδ PI3Kγ Reference

Copanlisib 0.5 3.7 0.7 6.4 Liu 201360

Duvelisib 1602 84 2.5 27 Winkler 

201347

Idelalisib 820 565 2.5 89 Lannutti 

201161

Umbralisib >10,000 1116 22 1065 Burris 

201462,63
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pharmacokinetic properties including a longer target resi-
dence time.47,48 In pre-clinical studies, exposure of CLL 
cells activated by plate-bound anti-immunoglobulin M to 
duvelisib resulted in abrogation of BCR-mediated down-
stream AKT and ERK signaling, direct cytotoxicity to CLL 
B-cells, and diminished T-cell production of pro-survival 
cytokines49,50 (Figure 1). In vitro, duvelisib appeared to 
successfully overcome resistance due to the point mutation 
BTK C481S, a frequently implicated resistance mechanism 
to ibrutinib therapy. Additionally, mouse models showed 
dual inhibition of PI3K δ and γ isoforms resulted in 
a greater decrease in the number of CLL B-cells in the spleen 
compared to PI3Kδ inhibition alone.51 These direct and 
indirect anti-neoplastic effects of duvelisib provided the 
basis for subsequent early-phase clinical trials in advanced 
hematologic malignancies.

Clinical Efficacy of Duvelisib in CLL
Duvelisib (Copiktra®) is currently FDA-approved for 
the treatment of relapsed or refractory CLL/SLL or FL 
after at least two prior therapies and has been granted 
orphan drug designation for the treatment of T-cell 

lymphoma. Duvelisib was first studied in IPI-145-02 
trial, a phase 1, open label, dose-escalation study in 
patients with advanced hematologic malignancies 
including indolent and aggressive non-Hodgkin’s lym-
phoma (27%), T-cell lymphoma (17%), aggressive R/R 
and treatment naive (TN) CLL (35%), and other hema-
tologic malignancies (21%).52 In this study, the maxi-
mum tolerated dose was determined to be 75mg twice 
daily (BID) based on 2 dose-limiting toxicities occurring 
at the 100mg dose. Doses of 25mg or 75mg both 
resulted in a rapid inhibition of p-AKT with near- 
complete inhibition of CLL proliferation at the start of 
the second cycle of therapy. Furthermore, a subset of 
serum cytokine and chemokine levels associated with 
the B-cell tumor microenvironment were decreased fol-
lowing therapy exposure compared to baseline. The 
overall response rate (ORR) in patients with R/R CLL 
and TN CLL was 56% and 83%, respectively, with 
a median PFS of 15.7 months in the R/R cohort across 
all dose levels and not reached in the TN cohort who 
only received duvelisib 25mg BID. OS was not reached 
in either cohort. In subgroup analysis, duvelisib was 

Figure 1 Duvelisib’s activity on PI3Kδ in malignant B-cells results in abrogation of down-stream signaling of the AKT/mTOR pathway thus inhibiting survival and chemotaxis. 
Duvelisib’s activity on PI3Kγ results in decreased production of pro-survival cytokines from T-cells and tumor-associated myeloid cells. Created with BioRender.com.
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also efficacious in patients with high-risk biology such 
as those with 17p deletion or TP53 mutation (ORR = 
46%) and those with unmutated IGHV (ORR = 51%). 
Given clinical activity at 25mg BID and no further 
suppression in pAKT and CLL proliferation at higher 
doses, this dose was selected for subsequent phase II 
and III studies.52,53

IPI 145–02 trial was followed by the phase 2 
DYNAMO and phase 3 DUO trials. The DYNAMO 
trial enrolled patients with R/R indolent non-Hodgkin’s 
lymphoma (iNHL), including SLL, follicular lymphoma 
(FL) and marginal zone lymphoma (MZL), to receive 
duvelisib at a dose of 25mg BID. Patients had to have 
disease refractory to both rituximab and chemotherapy 
(including a purine analogue or alkylating agent) or 
radioimmunotherapy. Patients previously treated with 
BTKi or an alternate PI3Kδ inhibitor were excluded 
from participation. In the overall treatment cohort the 
ORR was 47%, meeting the pre-specified threshold of 
30% as its primary endpoint. Notably, 22% of these 
patients had a diagnosis of SLL and in this subgroup 
the ORR was 68% by independent review committee 
(IRC) and 86% by investigator assessment. All of 
these responses were classified as partial by IRC. In 
the overall treatment cohort, the median PFS was 9.5 
months with a median OS of 29 months.54 In the phase 
3 DUO trial, patients with R/R CLL/SLL were rando-
mized to receive duvelisib 25mg BID or ofatumumab. 
Patients had to have progressed after 1 prior line of 
therapy and could not have been previously treated 
with BTK or PI3Kδ inhibitor. With a median follow 
up of 22.4 months, treatment with duvelisib resulted in 
a superior PFS of 13.3 months compared with 9.9 
months in the ofatumumab arm with this benefit extend-
ing to patients with del (17p) and TP53 mutations. By 
investigator assessment, median PFS in the duvelisib 
arm was 17.6 months vs 9.7 months in the ofatumumab. 
The ORR was also more favorable in the duvelisib arm 
(74% vs 45%). Similar to other B-cell receptor inhibi-
tors, the majority were partial responses, with 85% of 
patients treated with duvelisib having a lymph node 
response (defined at >50% decrease in the sum of the 
products of target lymph nodes). The median OS was 
not reached in either arm with 86% of patients alive at 
12-months.36 The efficacy of duvelisib in these clinical 
trials is summarized in Table 2.

Safety and Tolerability of Duvelisib 
in CLL
In the phase 1, dose-escalation trial, IPI 145–02, serious 
AEs (≥ grade 3) occurred in 80% and 87% of patients who 
received duvelisib 25mg BID and 75mg BID, respec-
tively. Hematologic toxicities including neutropenia, ane-
mia and thrombocytopenia were common (≥ grade 3, 
32%), however, treatment was rarely discontinued due to 
these events. The most common non-hematologic toxici-
ties of any grade were diarrhea (42%; ≥ grade 3, 11%), 
fatigue (41%; ≥ grade 3, 9%), elevated ALT (38%; ≥ 
grade 3, 16%), elevated AST (38%; ≥ grade 3, 14%), 
and pyrexia (35.2%; ≥ grade 3, 1.4%). The median dura-
tion of transaminase elevation was 2 weeks, with 
a median time of onset of 1.2 months. Elevated transami-
nases led to discontinuation of therapy in 7% of patients. 
The median time to onset of any grade diarrhea was 2 
months with a median time to severe diarrhea (≥ grade 3) 
measured at ~5 months. Infectious complications occurred 
in 61% of patients, including 3 patients with 
Pneumocystis jirovecii pneumonia (PJP) and 2 patients 
with cytomegalovirus (CMV) infection. A protocol 
amendment in March 2013 required mandatory PJP pro-
phylaxis in all study patients. In total, 27% of patients 
discontinued therapy at a dose of 25mg BID due to treat-
ment-related AEs.52

In the treatment expansion cohort of study 145–02 which 
included 73 patients with R/R or TN CLL, the incidence of 
AEs was similar to other advanced hematologic malignancy 
subtypes. The most frequent non-hematologic toxicity, diar-
rhea (47%; ≥ grade 3, 9%), led to discontinuation in two 
patients. Although transaminase elevation occurred in 31% 
(≥ grade 3, 9%) of patients, therapy was ultimately able to be 
restarted, often with dose-reductions. Infection occurred in 
73% of R/R patients, mostly presenting in the form of pneu-
monia (38%) or upper respiratory tract infection (27%). 
A total of 20 R/R patients (36%) discontinued duvelisib 
due to AEs including the following which occurred in 2 or 
more patients: pneumonitis (4), pneumonia (2), stomatitis 
(2), diarrhea (2) and colitis (2). Two patients with R/R CLL 
died due to treatment-related infectious complications. 
Toxicities were overall similar in the TN cohort, with 
a higher incidence of grade 3 or higher diarrhea (22%). In 
both the R/R and TN cohorts, the most frequent reason for 
treatment discontinuation was AEs (36% and 33%, 
respectively).53

OncoTargets and Therapy 2021:14                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
2113

Dovepress                                                                                                                                                Shah and Barrientos

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


In the phase 2 DYNAMO trial, which enrolled patients 
with iNHL, the most common AEs (all grades) were 
diarrhea (49%), nausea (29.5%), neutropenia (29%), fati-
gue (28%), and cough (27%). The most common grade 3 
or higher AEs included neutropenia (24.8%), diarrhea 
(15%), anemia (15%), and thrombocytopenia (11%). 
Dose interruptions or dose-reductions occurred in 70% of 
study patients. In this study, approximately one fourth 
(24%) of patients discontinued therapy due to AEs and 5 
deaths were considered treatment-related including panco-
litis (1), fatal viral infection (1), septic shock (1), and 
severe skin toxicity (2).54

In patients who received duvelisib in the phase 3 DUO 
trial, adverse effects were similar to earlier studies with 
few notable differences. The rate of grade 3 or higher 

elevated AST or ALT was lower (3% each) than previously 
reported in the CLL expansion cohort of IPI 145–02 (14–-
16%), but similar to DYNAMO (3–5%). Additionally, 
colitis emerged as a significant toxicity and was the most 
common immunomodulatory AEs of grade 3 or higher 
(12%), resulting in treatment discontinuation in 5% of 
patients. In total, 4 deaths occurred due to AEs including 
staphylococcal pneumonia (2), sepsis (1) and general 
health deterioration (1). Similar to the expansion cohort 
of IPI-145-02 of R/R or TN CLL patients, the most com-
mon cause for treatment discontinuation were AEs (35%), 
followed by progressive disease (22%).36

Taken together, these studies highlight the major toxi-
cities of duvelisib that require careful monitoring. These 
seem to be related to a class effect of PI3Ki and include 

Table 2 Efficacy of Duvelisib in Clinical Trials

Study Regimen Population Efficacy Results

IPI 145–0252 Duvelisib 8–100mg BID Aggressive hematologic malignancies, n = 
210

iNHL:
Phase 1 dose escalation ORR = 58%, 6 CRs

PFS = 14.7 mo.

PTCL:
ORR = 50%, 3 CR

TTR = 1.8 mo.

IPI 145–0253 R/R CLL: duvelisib 25–75mg BID R/R CLL, n = 55 R/R CLL:

R/R and TN CLL TN CLL, n = 18 ORR = 56%, 1 CRTN CLL: duvelisib 25mg BID
Phase 1 expansion 

cohort

DOR = 21 mo.

PFS = 15.7 mo.

OS = NR
TTR = 1.9 mo.

TN CLL:

ORR = 83.3%, 0 CR
DOR = NR

PFS = NR

OS = NR
TTR = 3.7 mo.

DYNAMO54 

Phase 2
Duvelisib 25mg BID Indolent NHL, n = 129 All patients:

FL, n = 83 ORR = 47.4%

SLL, n = 28 DOR = 10 mo.

MZL, n = 18 PFS = 9.5 mo.
OS = 28.9 mo.

TTR = 1.9 mo.

DUO36 Duvelisib 25mg BID R/R CLL/SLL Duvelisib vs Ofatumumab:

Phase 3 Ofatumumab Duvelisib, n = 160 PFS = 13.3 vs 9.9 mo. (HR = 0.52)

Ofatumumab, n = 159 ORR: 74 vs 45%
OS: NR (both arms)

Abbreviations: BID, twice daily; iNHL, indolent non-Hodgkin’s lymphoma; ORR, overall response rate; CR, complete response; PFS, median progression-free survival; 
PTCL, peripheral T-cell lymphoma; TTR, time to response; R/R, relapsed/refractory; TN, treatment naïve; DOR, duration of response; OS, median overall survival; NR, not 
reached; FL, follicular lymphoma; MZL, marginal zone lymphoma; HR, hazard ratio.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2021:14 2114

Shah and Barrientos                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


immunomodulatory AEs, infectious complications, and 
hematologic toxicities. Appropriate careful monitoring 
allows for dose interruption or dose-reduction to minimize 
the risk of severe complications. Interestingly, the most 
frequent reason for treatment discontinuation remained 
AEs rather than disease progression in the CLL cohort. 
The findings in patients with a CLL diagnosis differs from 
those reported in DYNAMO where, in a study population 
of iNHL of which only a minority of patients had SLL 
(21%), only one quarter of treatment discontinuations were 
due to AEs.36,52–54 This prompts to question whether there 
may be something unique to patients with a CLL/SLL 
diagnosis that leads to higher rates of AEs requiring dis-
continuation. Investigations are ongoing to evaluate the 
role of intermittent dosing of duvelisib to reduce toxicity 
in clinical trial NCT03961672. Preliminary data examin-
ing intermittent dosing after 2 cycles of continuous therapy 
with a selective PI3Kδ inhibitor in development, ME-401 
(Zandelisib), suggest this strategy may be effective in 
reducing rates of delayed immune mediated AEs without 
sacrificing efficacy.55

As a result of rare, but fatal, events seen in clinical 
trials to date, duvelisib carries black-box warnings for 
serious infections, severe diarrhea or colitis, serious cuta-
neous reactions and pneumonitis. These toxicities need to 
be monitored for and the manufacturer has provided gui-
dance regarding the management of these AEs depending 
on their severity. All patients on duvelisib should receive 
infection prophylaxis for PJP and CMV when initiating 
duvelisib; along with monthly CMV viral load monitoring. 
It is recommended to withhold duvelisib until any new 
infection resolves and to discontinue its use if PJP is 
confirmed. For immunologic toxicities such as diarrhea/ 
colitis, pneumonitis, or rash, we recommend holding duve-
lisib and prompt initiation of steroid therapy along with 
supportive care when infectious causes have been ruled 
out, with permanent discontinuation in cases of grade 3 or 
higher AEs. Regarding transaminitis, patients are usually 
asymptomatic, hence the need to monitor liver enzymes 
during routine medical care and to hold further dosing 
until the transaminitis resolves or decreases to grade 1 
toxicity. For hematological toxicities (including neutrope-
nia and thrombocytopenia), duvelisib should be withheld 
when the absolute neutrophil count falls below 500/mm3 

(grade 4) or the platelet count drops below 25,000/mm3 

(grade 4).
It is important to evaluate potential drug-drug interac-

tions to minimize the risk of under- or over-dosing. Co- 

administration of duvelisib with strong CYP3A4 inducers 
may decrease the efficacy of the drug and should be 
avoided. When co-administered with strong or moderate 
CYP3A inhibitors, duvelisib should be dosed at 15 mg 
twice daily and clinicians should monitor carefully for 
potential toxicities.

Comparing Duvelisib to Idelalisib 
for the Treatment of Relapsed/ 
Refractory CLL/SLL
As discussed earlier, idelalisib (GS-1101 or CAL-101) is 
an oral, highly selective inhibitor of PI3Kδ and is the first 
PI3K inhibitor to be FDA approved for the treatment of 
CLL/SLL. Idelalisib’s approval was based on the results 
from Study 116, a phase 3 randomized control trial com-
paring idelalisib with rituximab vs rituximab monotherapy 
in patients unfit to receive cytotoxic therapy. The median 
number of prior therapies in this trial was 3 and prior 
therapy had to include a CD20 antibody or at least two 
prior cytotoxic regimens. PFS at 24 weeks was 93% in the 
idelalisib group vs 46% in the rituximab group. OS at 12 
months was also superior in the idelalisib-treated arm 
(92% vs 80%).38 With longer follow up the median PFS 
in patients randomized to receive idelalisib was 20.3 
months.56

There have been no clinical trials directly comparing 
duvelisib and idelalisib to date. Given that there are differ-
ences in the clinical trials leading to each drug’s approval, 
cross-trial comparisons are not possible. Table 3 sum-
marizes patient characteristics, outcomes and specific 
AEs (those of interest that were reported comparably) in 
DUO and Study 116.36,56 At present, due to lack of direct 
comparison, and differences in trial population and follow- 
up, we are unable to recommend one PI3K inhibitor over 
another and believe both to be reasonable options if PI3K 
inhibition is the selected therapeutic approach.

Future Considerations
There are currently 3 registered, ongoing, clinical trials 
utilizing duvelisib in CLL/SLL (Table 4; clinicaltrials. 
gov). As discussed previously, the number one reason 
for discontinuation of therapy in patients with CLL is 
AEs rather than progressive disease.36,53 While prophy-
laxis for PJP and CMV with careful monitoring for 
infection may mitigate some of the potentially fatal 
toxicities of duvelisib, further study is needed to miti-
gate the immunomodulatory side effects including 
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diarrhea, colitis, pneumonitis and rash. One potential 
solution may be to develop new dosing schedules. In 
the phase 2 trial NCT03961672, investigators are eval-
uating the role of a 12-week (3-cycle) induction phase 
where patients receive continuous therapy with duvelisib 
25m BID, followed by a maintenance phase involving 
duvelisib dosing on days 1–2, 8–9, 15–16 and 22–23 of 
each 28-day cycle or the first 2 days of each week. As 
the median time to severe diarrhea in IPI-145-02 was 5 
months, by altering dosing after 12 weeks, one may be 
able to mitigate the development of this AE while still 
effectively targeting PI3K-δ,γ.53

Pre-clinical studies have shown that duvelisib can over-
come ibrutinib resistance mediated by the in BTK C481S 
mutation, however, there is very limited data regarding the 

efficacy of duvelisib after BTKi therapy in human subjects.50 

Very few patients (6) had received prior BTKi therapy in IPI- 
145-02 and in the phase 3 DUO trial patients with prior BTKi 
therapy were excluded, therefore clinical data regarding the 
efficacy of duvelisib in ibrutinib-resistant and ibrutinib- 
intolerant patients are lacking.36,53 In the ongoing trial, 
NCT04209621, investigators are evaluating the use of duve-
lisib after development of ibrutinib resistance and hopefully 
more data will be forthcoming. As patients may have rapid 
progression upon abrupt discontinuation of ibrutinib, BTKi 
therapy in this trial is overlapped for 6 months while initiating 
duvelisib to prevent a potential “rebound” effect. Recruitment 
status was suspended, however, on September 24, 2020 due to 
an unexpected sudden death on study.

Lastly, in NCT03534323, duvelisib is being studied in 
combination with venetoclax for the treatment of patients 
with CLL who had progressed after 1 prior therapy and 
those with Richter’s transformation. Preclinical studies in 
CLL/SLL have shown that duvelisib therapy results in 
upregulation of the anti-apoptotic protein BCL2. 
Furthermore, combination duvelisib and venetoclax ther-
apy in vitro, resulted in more apoptosis than venetoclax 
therapy alone.57 These findings provide the rationale for 
this combination in early clinical trials. If efficacious, 
tolerable and safe, a follow up study will be prudent to 

Table 4 Ongoing Trials of Duvelisib in CLL/SLL

Study Regimen Population Target Accrual/ 
Primary 
Endpoint(s)

NCT03961672 

Phase 2

Intermittent 

duvelisib

R/R CLL/ 

SLL

N = 30 

Endpoint: PFS

NCT04209621 Duvelisib 
overlapping 

with 

ibrutinib 
(initial 6 mo.)

Ibrutinib- 
resistant 

CLL/SLL 

patients

N = 36 
Endpoint: ORRPhase 2

NCT03534323 

Phase 1/2

Duvelisib + 

venetoclax

CLL/SLL or 

RS

N = 67 

Endpoint(s): MTD 
of venetoclax 

when administered 

with duvelisib, CR 
rate

Abbreviations: PFS, median progression-free survival; ORR, overall response rate; 
RS, Richter syndrome; MTD, maximum tolerated dose; CR, complete response.

Table 3 Patient Characteristics and Outcomes in DUO and 
Study 116

Duvelisib Arm 
(DUO)36

Idelalisib Arm 
(Study 116)56

Patient demographics and characteristics of interest

Median age 69 71

del(17p) or TP53 
mutation (%)

31 43.2

IGHV unmutated (%) 69 83.6

Median prior lines of 
therapy

2 3

Patient outcomes

ORR (%) 73.8 85.5

Median PFS (mo.) 13.3 20.3

Overall Survival 
(mo.)

NR 40.6

Duration of exposure 
(mo.)

11.5 16.2

Incidence of AEs of interest; % all grades (% grade 3 and 
above)

Any AE 99 (87) 98.2 (90.9)

Diarrhea 51 (15) 46.4 (16.4)

Colitis 13 (12) 10.9 (8.2)

Pyrexia 29 (3) 47.3 (3.6)

Death due to AE 11.9 11.8

Abbreviations: ORR, overall response rate; PFS, progression-free survival; AE, 
adverse event; NR, not reported.
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assess whether this therapy can be given for a fixed dura-
tion similar to venetoclax plus obinutuzumab.

An important, practical question is when to employ 
PI3K inhibitor therapy in the treatment of CLL/SLL. 
Expert consensus is generally to utilize BTKi and veneto-
clax therapy in first and second lines of therapy, in no 
specific order, as these are felt to be the most active 
agents.58 Patients exposed to both these agents were gen-
erally excluded, however, from trials involving duvelisib, 
therefore efficacy is largely extrapolated in this population. 
Retrospective data from Mato et al. suggest that patients 
who are refractory to both BTKi and venetoclax appear to 
have a short duration of response with PI3K inhibitor 
therapy.59 For these high-risk patients we recommend 
enrollment in a clinical trial or evaluation for cellular 
therapies (e.g chimeric antigen receptor T-cell therapy or 
allogeneic stem cell transplant) when possible. In the 
absence of these options, most would offer PI3K inhibitor 
therapy given the lack of other more effective, commer-
cially available, targeted agents. At the moment, patients 
with del(17p) or double refractory to BTKi and BCL2i 
remain an unmet need and may benefit from duvelisib 
salvage therapy in the absence of a clinical trial.

Conclusions
In recent years, several novel agents have been devel-
oped for the treatment of CLL/SLL. Unfortunately, due 
to the relapsing nature of the disease, treatment options 
targeting different signaling pathways are still needed in 
order to prolong survival. By inhibiting the γ and δ iso-
forms of PI3K, duvelisib targets key oncogenic pathways 
resulting in direct cytotoxic effects on tumor cells and 
abrogation of pro-survival cytokine and chemokine sig-
naling in the tumor microenvironment.41 Duvelisib has 
demonstrated efficacy in CLL/SLL based on the Phase 
1 IPI 145–02 and phase 3 DUO trials and has received 
FDA approval in patients with R/R CLL/SLL after 2 
prior therapies. One of the obstacles to duvelisib therapy, 
however, is its safety profile, which leads to treatment 
discontinuation in the majority of cases.36,53 

Consequently, several clinical trials are investigating 
alternative dosing schedules to reduce toxicities while 
maintaining efficacy. The efficacy of duvelisib in CLL 
is also being studied in ibrutinib-resistant patients and in 
combination with other targeted agents such as veneto-
clax. The results of these clinical trials will help to better 
define the role of duvelisib in the growing CLL/SLL 
armamentarium. Overall, duvelisib represents 

a promising targeted agent with an evolving role in the 
treatment of relapsed/refractory CLL/SLL.
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