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Abstract: Chronic lymphocytic leukemia, small lymphocytic lymphoma, and follicular 

lymphoma are indolent B-cell lymphoproliferative disorders that mainly affect an older popu-

lation. Although the majority of patients in need of treatment derive significant benefit from 

conventional chemotherapeutic agents as well as monoclonal antibodies, less toxic and more 

effective treatments are needed. Novel agents that inhibit the B-cell receptor signaling pathway 

have shown promising outcomes in these disorders. Idelalisib is a potent selective oral inhibitor 

of phosphatidylinositol 3-kinase delta and has shown significant clinical activity in B-cell malig-

nancies. In this review, we summarize the clinical trial data using idelalisib as monotherapy or in 

combination with rituximab for the treatment of relapsed/refractory disease. The adverse effect 

profile includes autoimmune disorders such as transaminitis, colitis, and pneumonitis. Given 

the efficacy and manageable toxicity profile of idelalisib, it is being increasingly incorporated 

into the management of indolent B-cell malignancies.
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Introduction
Chronic lymphocytic leukemia (CLL), small lymphocytic lymphoma (SLL), and fol-

licular lymphoma (FL) are common B-cell lymphoproliferative disorders. CLL is the 

most common leukemia, and FL is the most common indolent B-cell lymphoma.1,2 

CLL/SLL and FL affect the older population, with a median age of 65 years at diagnosis 

for FL and 71 years for CLL/SLL.3–5 The first-line treatment for CLL with greatest 

efficacy consists of chemoimmunotherapy with fludarabine, cyclophosphamide, and 

rituximab (FCR). This has shown an overall response rate (ORR) of greater than 95% 

and complete remission of 72% for patients without the high risk 17p deletion.6,7 

However, this treatment is not an option for elderly patients or those with significant 

comorbidities. Although bendamustine with rituximab (BR) is a less-toxic alternative 

with equivalent progression-free survival (PFS) for patients 65 years or older, neither 

FCR nor BR are attractive options in the relapsed setting in this population due to 

cumulative toxicities.8 This has posed difficulties in managing these patients, and there 

has been an unmet need for less-toxic treatment options.

In the case of FL, front-line treatment consists of rituximab usually in combina-

tion with chemotherapy. Common regimens include R-CHOP (cyclophosphamide, 

doxorubicin, vincristine, and prednisone) and R-CVP (cyclophosphamide, vincris-

tine, and prednisone), with ORRs nearing 90%.9 More recently, a trial comparing BR 

to R-CHOP for front-line treatment of indolent non-Hodgkin’s lymphomas (iNHL) 
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including FL demonstrated a longer PFS with less toxicity 

with BR compared to R-CHOP (median PFS of 69 vs 31 

months, respectively).10 Although initial response rates 

are high, treatment is not curative, and there is decreased 

efficacy with retreatment. In addition, there are cumulative 

toxic effects to chemotherapy, including myelosuppression, 

cardiomyopathy, and secondary malignancies. This neces-

sitates alternative options.

More in-depth understanding of the dependence of B-cell 

malignancies on the B-cell receptor (BCR) signaling path-

way has led to the development of novel orally-bioavailable 

small-molecule inhibitors of several kinases downstream 

of the BCR. These include two compounds that have been 

approved to date, the Bruton’s tyrosine kinase (BTK) inhibitor 

ibrutinib, as well as idelalisib, a potent selective inhibitor of 

a key kinase, the phosphatidylinositol 3-kinase (PI3K) delta 

isoform. Idelalisib will be reviewed here, highlighting data 

from recent clinical trials.

Kinase inhibitors and BCR signaling
BCR activation triggers a cascade of downstream events 

involving sequential activation of intracellular transduction 

molecules with kinase function that ultimately modulate 

cell proliferation, cell survival, differentiation, and func-

tion. Several orally-bioavailable small-molecule inhibitors 

of these kinases have been developed.11,12 Ibrutinib, the first 

approved BTK inhibitor demonstrated impressive clinical 

activity in high-risk patients with previously treated CLL 

with a reported PFS of 75% and an overall survival (OS) of 

83% at 26 months. Side effects are generally manageable, 

but some cases of clinically significant bleeding and atrial 

fibrillation occur.13,14

Another BCR pathway member that is critical to both 

CLL and FL cell survival is PI3K. Idelalisib (formerly 

GS-1101, CAL-101) is a first-in-class, reversible, potent, 

selective PI3Kδ inhibitor. Idelalisib was approved by the US 

Food and Drug Association in 2014 for treatment of relapsed/

refractory CLL and FL.15

PI3Ks are signal transduction enzymes, found in four 

isoforms p110 (alpha, beta, gamma, and delta).16 Though the 

p110 alpha and beta isoforms are expressed widely, gamma 

and delta isoforms of PI3K are restricted to hematopoietic 

cells.15,17,18 The delta isoform is expressed in B-cell malignan-

cies, while the gamma isoform is also expressed in T-cells, 

macrophages, and mesenchymal stromal cells. The activation 

of the gamma isoform promotes chemotactic signals and 

maintains the tumor microenvironment.19

PI3K promotes activation of protein kinase B (Akt) by 

phosphorylation of its threonine/serine molecules, which in 

turn activate the mammalian target of rapamycin pathway. 

This cascade promotes cell differentiation and prolongs 

survival in lymphocytes.20 The activation of BCR can occur 

through antigen-dependent or through tonic (antigen-

independent) pathways, both of which involve PI3K. Both 

cascades are upregulated in CLL and FL cells.18,21 Idelalisib 

induces cell cycle arrest in G
0
/G

1
 phase, thus inhibiting 

proliferation; furthermore, it induces apoptosis in B-cells 

by caspase activation.

Mode of action and pharmacokinetic  
profile of idelalisib
Based on the Phase I trial and its pharmacokinetic profile, the 

approved dose of idelalisib is 150 mg orally every 12 hours. 

A reduced dose of 100 mg twice daily is recommended when 

clinically indicated. Its elimination half-life is 8.2 hours. The 

time-to-peak plasma concentration increased from 2 to 4 

hours with food; however, this was not clinically significant. 

It is metabolized primarily by aldehyde oxidase (AO), and to 

a lesser extent by cytochrome P450 3A (CYP3A), to its inac-

tive metabolite GS-563117. Although drug–drug interactions 

with CYP3A inducers and/or inhibitors could theoretically 

affect plasma concentration of idelalisib, these may not be 

clinically significant as the major metabolizing enzyme is 

AO. Both idelalisib and its metabolite GS-563117 are highly 

protein-bound at 94% and 99%, respectively. Excretion is 

mostly hepatobiliary, with 78% of the drug found in feces 

and only 15% in urine. Given the minimal urinary excretion, 

dose adjustment in renal impairment is not necessary.22

Recent clinical trials and efficacy
Chronic lymphocytic leukemia
The Phase I trial of idelalisib monotherapy in 54 patients with 

relapsed or refractory CLL showed an ORR of 72% and a 

median PFS of 15.8 months.23 This supported conducting a 

Phase III, randomized, double-blind, placebo-controlled trial 

on 220 patients with previously treated CLL in 90 centers in 

the USA and Europe between May 2012 and August 2013. 

The patients were randomized to receive rituximab (R) in 

combination with idelalisib (150 mg BID) or R with placebo 

twice daily. High-risk patients with del17p, TP53 mutation, 

or lack of hypermutation in the immunoglobulin heavy chain 

(IGHV) were included. This study was terminated early given 

the superior efficacy of idelalisib. The PFS in the idelalisib vs 

placebo groups at 24 weeks was 93% vs 46% (P,0.001), and 

OS at 12 months was 92% vs 80% (P=0.02), respectively.24

A recent Phase II trial investigating the role of idelalisib 

in combination with R in 64 treatment-naïve patients over 65 

years old with CLL (n=59) or SLL (n=5) reported an ORR of 
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96.9%. Patients with high-risk disease, that is del17p/TP53 

mutations or unmutated IGHV, had similar ORRs as well. The 

median duration of response and PFS were not reached by 

the time of the analysis, with PFS at 24 months being 92.9% 

and 82% at 36 months (Table 1).25

At the 2015 Annual Society of Hematology Meeting, 

results of a Phase III randomized study of BR vs BR + 

idelalisib for relapsed/refractory CLL, including patients 

with del17p, demonstrated significantly improved PFS and 

OS for addition of idelalisib to BR. The safety profile did not 

demonstrate any new or unexpected adverse events.26

indolent B-cell lymphoma
The role of idelalisib as monotherapy in relapsed iNHL was 

investigated in a Phase II study involving 125 patients from 

April 2011 to October 2012. Subtypes of iNHL included were 

FL (n=72), SLL (n=28), marginal-zone lymphoma (n=15), 

and lymphoplasmacytic lymphoma (n=10). Eligible patients 

were considered refractory to treatment with both rituximab 

and an alkylating agent. ORR was 57%. Response rates were 

comparable within the subgroups of iNHL (ORR: 47%–80%). 

The median duration of response was 12.5 months, and the 

median PFS duration was 11 months. Median OS was 20.3 

months with 80% OS at the end of the study (Table 1).27

Safety and adverse events
The adverse effects (AE) associated with idelalisib combin-

ing the three most recent clinical trials are summarized in 

Table 2. In the relapsed CLL trial, the most common AE in 

the idelalisib + R treatment group were fatigue (24%), nau-

sea (24%), diarrhea (19%), fever (29%), and chills (22%). 

Serious adverse effects (SAE) included pneumonia (6%), 

febrile neutropenia (5%), diarrhea (3%), pyrexia (6%), and 

dyspnea (1%). Laboratory abnormalities included eleva-

tion in alanine transaminase/aspartate transaminase, which 

mostly occurred within the first 12 weeks of treatment. 

Others include anemia, neutropenia, and thrombocytopenia. 

In addition, lymphocytosis, which is an observed class effect 

of BCR pathway inhibitors, was seen.23 Idelalisib-associated 

lymphocytosis peaked at week 2 and resolved by week 12; 

however, in combination with rituximab, idelalisib did not 

show prominent lymphocytosis.24

In the relapsed/refractory iNHL trial, the most common 

AE with idelalisib monotherapy included diarrhea (13%) 

and pneumonia (7%). Dose reduction from 150 mg BID to 

100 mg BID was necessary in 34% of patients due to AE 

(hepatotoxicity, colitis, and pneumonitis/pneumonia).27

In the treatment-naïve CLL trial, SAE were higher with 

diarrhea/colitis at 42.2% and pneumonia at 18.8%, presum-

ably reflecting a more intact immune system.25

Idelalisib prescribing information provides a black box 

warning for serious and/or fatal toxicities. These included 

grade $3 diarrhea/colitis (14%), hepatotoxicity (14%), 

pneumonitis, and intestinal perforation. In the setting of SAE, 

idelalisib is withheld until resolution of AE, and then dose 

reduction to 100 mg BID is recommended. Recurrence of AE 

after dose reduction or occurrence of a life-threatening AE war-

rants permanent treatment discontinuation. Corticosteroids are 

recommended for treatment of severe colitis/pneumonitis.28

AE leading to idelalisib discontinuation were lower when 

used in the relapsed setting vs front-line setting. Nine patients 

(8%) discontinued treatment in the relapsed CLL trial due 

to gastrointestinal and skin side effects, while 25 patients 

(20.8%) discontinued idelalisib in the relapsed iNHL trial 

due to hepatotoxicity, colitis, and pneumonia.24,27 However,  

29 patients (45.3%) discontinued idelalisib in treatment-naïve CLL 

patients. The most reported AE in the front-line setting included 

diarrhea/colitis (18.8%), dyspnea (4.7%), and rash (4.7%).25

Given the activity of idelalisib in the relapsed setting, 

a Phase II clinical trial of idelalisib plus ofatumumab for 

treatment-naïve CLL patients was launched. Preliminary 

results presented at the 2015 Annual Society of Hematology 

Meeting revealed a high rate of hepatic toxicity, suggesting 

that patients without exposure to prior immunosuppressive 

Table 1 Efficacy of idelalisib

Outcomes CLL, previously treated (n=220) (Furman et al24) CLL, front-line 
setting (n=64) 
(O’Brien et al25)

iNHL, previously  
treated (n=125)  
(Gopal et al27)

Idelalisib + R (n=110) R + Placebo (n=107)a P-value

PFS (24 months) 93% 46% P,0.001 93% –
Median PFS (months) Not reached 5.5 – Not reached 11
Overall response rate 81% 13% P,0.001 97% 57%
Complete response None None – 19% 6%
Partial response 81% 13% – 78% 50%
Lymph node response 93% 4% P,0.001 100% 90%
OS (12 months) 92% 80% P=0.02 90% (at 36 months) 80%

Notes: aThree patients were excluded from the placebo group (two patients withdrew because of adverse event, one patient did not receive the study treatment). 
Abbreviations: CLL, chronic lymphocytic leukemia; iNHL, indolent non-Hodgkin lymphoma; R, rituximab; PFS, progression-free survival; OS, overall survival; –, not available.
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chemotherapy may be insufficiently immunocompromised to 

tolerate idelalisib therapy as front-line treatment.29

A recent retrospective analysis examined the incidence of 

colitis in 50 patients treated with idelalisib continuously for 

3 months. Of the 23 patients who developed diarrhea, eight 

patients had severe symptoms. Twelve of 14 patients who under-

went a colonoscopy with biopsies had histological evidence of 

colitis with intraepithelial lymphocytosis and crypt apoptosis. 

Eleven of 50 patients had to discontinue treatment due to sever-

ity of symptoms, while nine patients were successfully treated 

with steroids.30 It has been noted that idelalisib-induced diarrhea 

may be poorly responsive to antimotility agents, lasting up to 

1 month after treatment discontinuation.28

Patient adherence
There are many factors influencing patient adherence; the 

ease of administration, a tolerable side effect profile, and 

acceptable drug–drug interactions make idelalisib an encour-

aging medication for patient adherence. However, the average 

wholesale price of a 28-day supply is estimated at $8,862 at 

the recommended full dose.31

Future directions
Idelalisib is an active agent in indolent B-cell leukemia/

lymphoma. We foresee further investigation in combina-

tion with other chemo- and immunotherapies, as well as 

studies trying to replace chemoimmunotherapy in various 

indications. The utility of this agent in other settings such as 

aggressive B-cell lymphoma needs investigation. Given the 

cumulative burden of cost, immune toxicities, and unknown 

long-term AE, studies comparing stopping treatment, perhaps 

in a minimal residual disease state, vs continuous therapy 

would be worthwhile. Enthusiasm of moving this effective 

therapy to the front-line setting may be tempered by the pre-

liminary data for front-line treatment, which is concerning 

for a high incidence of autoimmune complications.

Concurrent inhibition of multiple isoforms of the PI3K 

enzyme demonstrated theoretical benefit in vitro studies.32 

Duvelisib (IPI-145) is a novel oral inhibitor of both PI3K delta 

and gamma isoforms that is in clinical development.33

Recent data demonstrated that PI3K pathway inhibition 

by idelalisib sensitized malignant B-cells to overcome resis-

tance to the Bcl-2 inhibitor venetoclax (formerly ABT-199) 

through downregulation of myeloid cell leukemia 1 and Bcl-

2-associated X protein activation, paving the way for rational 

combination therapies.34

Conclusion
In conclusion, idelalisib is a highly efficacious new targeted 

therapy for the treatment of patients with iNHL and CLL/SLL, 

producing high rates of durable responses, with favorable PFS 

and OS. Combinations with BR chemotherapy in the relapsed/

refractory CLL population demonstrate safety with both a PFS 

and OS benefit. The somewhat unique toxicity profile requires 

Table 2 Adverse events and lab abnormalities

Adverse events CLL, previously treated (n=220) (Furman et al24) CLL, front-line setting 
(n=64) (O’Brien et al25)

iNHL, previously treated 
(n=125) (Gopal et al27)Idelalisib + R (n=110) Placebo + R (n=107)a

Any grade Grade $3 Any grade Grade $3 Any grade Grade $3 Any grade Grade $3

Pyrexia 32 (29) 3 (3) 17 (16) 1 (1) 27 (42) 2 (3) 35 (28) 2 (2)
Fatigue 26 (24) 3 (3) 29 (27) 2 (2) 20 (31) 0 (0) 37 (30) 2 (2)
Nausea 26 (24) 0 23 (21) 0 24 (38) 1 (2) 37 (30) 2 (2)
Chills 24 (22) 2 (2) 17 (16) 0 23 (36) 0 (0) – –
Diarrhea 21 (19) 4 (4) 15 (14) 0 25 (39) 11 (17) 54 (43) 16 (13)
infusion-related reaction 17 (15) 0 30 (28) 4 (4) – – NA NA
Cough 16 (15) 0 27 (25) 2 (2) 21 (33) 1 (2) 36 (29) 0
Constipation 13 (12) 0 12 (11) 0 11 (17) 0 (0) – –
Decreased appetite 13 (12) 0 9 (8) 1 (1) – – 22 (18) 1 (1)
vomiting 13 (12) 0 8 (7) 0 14 (22) 2 (3) 19 (15) 3 (2)
Dyspnea 12 (11) 2 (2) 20 (19) 3 (3) 16 (25) 4 (6) 22 (18) 4 (3)
Night sweats 11 (10) 0 8 (7) 0 10 (16) 0 (0) 14 (11) 0
Rash 11 (10) 2 (2) 6 (6) 0 37 (58) 8 (13) 16 (13) 2 (2)
AST/ALT elevation 38 (35) 6 (5) 20 (19) 1 (1) 43 (67) 15 (23) 59 (47)/44 (35) 16 (13)/10 (8)
Anemia 28 (25) 6 (5) 32 (30) 15 (14) 15 (23) 2 (3) 35 (28) 2 (2)
Neutropenia 60 (55) 37 (34) 52 (49) 24 (22) 34 (53) 18 (28) 70 (56) 34 (27)
Thrombocytopenia 19 (17) 11 (10) 28 (26) 17 (16) 9 (14) 1 (2) 32 (26) 8 (6)

Notes: aThree patients were excluded from the placebo group (two patients withdrew because of adverse event, one patient did not receive the study treatment). All values 
are given as number (percentage).
Abbreviations: CLL, chronic lymphocytic leukemia; iNHL, indolent non-Hodgkin lymphoma; R, rituximab; AST, aspartate transaminase; ALT, alanine transaminase; NA, 
not applicable; –, not available.
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careful monitoring of patients treated with this agent. Targeted 

therapies such as idelalisib already play a pivotal role in the 

current treatment of CLL/iNHL, and this role is expected to 

expand as many clinical trials are ongoing.
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