
Regular Article

LYMPHOID NEOPLASIA

Duvelisib, a novel oral dual inhibitor of PI3K-d,g, is
clinically active in advanced hematologic malignancies
Ian W. Flinn,1,2 Susan O’Brien,3 Brad Kahl,4 Manish Patel,1,5 Yasuhiro Oki,3 Francine F. Foss,6 Pierluigi Porcu,7 Jeffrey Jones,8 Jan A. Burger,3

Nitin Jain,3 Virginia M. Kelly,9 Kerstin Allen,9 Mark Douglas,9 Jennifer Sweeney,9 Patrick Kelly,9 and Steven Horwitz10

1Sarah Cannon Research Institute, Nashville, TN; 2Tennessee Oncology, Nashville, TN; 3MD Anderson Cancer Center, Houston, TX; 4Department of Medicine,
Division of Hematology/Oncology, University of Wisconsin School of Medicine and Public Health, Madison, WI; 5Florida Cancer Specialists, Sarasota, FL;
6Yale University Cancer Center, New Haven, CT; 7Division of Hematology, College of Medicine, Ohio State University, Columbus, OH; 8The Ohio State University
Wexner Medical Center, Columbus, OH; 9Infinity Pharmaceuticals, Inc., Cambridge, MA; and 10Memorial Sloan-Kettering Cancer Center, New York, NY

KEY PO INT S

l Duvelisib, an oral dual
inhibitor of PI3K-d and
g, is clinically and
pharmacodynamically
active across a range
of hematologic
malignancies.

l 75 mg twice daily was
determined to be the
MTD,with 25mg twice
daily selected for
further evaluation in
phase 2 and 3 studies.

Duvelisib is an oral dual inhibitor of phosphoinositide 3-kinase-d (PI3K-d) and PI3K-g in late-
stage clinical development for hematologic malignancy treatment. This phase 1 study
evaluated maximum tolerated dose (MTD), pharmacokinetics, pharmacodynamics (PD), ef-
ficacy, and safety of duvelisib in 210 patientswith advanced hematologicmalignancies. In the
dose escalation phase (n5 31), duvelisib 8 to 100mg twice dailywas administered,withMTD
determined as 75 mg twice daily. In the expansion phase (n 5 179), patients with indolent
non-Hodgkin lymphoma (iNHL), chronic lymphocytic leukemia (CLL), or T-cell lymphoma (TCL)
were treated with 25 or 75 mg duvelisib twice daily continuously. Single-dose duvelisib
was rapidly absorbed (time to maximum concentration, 1-2 hours), with a half-life of 5.2 to
10.9 hours. PD results showed inhibition of phospho-AKT (S473) in CLL tumor cells following
a single dose and near-complete inhibition of CLL proliferation (Ki-67) by cycle 2. Clinical
responses were seen across a range of doses and disease subtypes: iNHL overall response
rate, 58% (n 5 31) with 6 complete responses (CRs); relapsed/refractory CLL, 56% (n 5 55)
with 1 CR; peripheral TCL, 50% (n5 16) with 3 CR; and cutaneous TCL, 32% (n5 19). Median

time to response was ∼1.8 months. Severe (grade ‡3) adverse events occurred in 84% of patients: neutropenia (32%),
alanine transaminase increase (20%), aspartate transaminase increase (15%), anemia and thrombocytopenia (each 14%),
diarrhea (11%), and pneumonia (10%). These data support further investigation of duvelisib in phase 2 and 3 studies. This
trial was registered at clinicaltrials.gov as #NCT01476657. (Blood. 2018;131(8):877-887)

Introduction
Duvelisib (also known as IPI-145)1 is an oral dual inhibitor of
phosphoinositide-3-kinase-d (PI3K-d) and PI3K-g. PI3K-d is
constitutively expressed in hematologic malignancies, and its
inhibition has been shown to reduce the proliferation of various
hematologic tumor cells while allowing normal immune cell
survival.2-7 PI3K-d inhibition directly targets proliferation and
survival of malignant B-cell leukemia and lymphoma cells,
whereas PI3K-g inhibition reduces the differentiation and mi-
gration of key support cells in the tumor microenvironment, such
as CD41 T cells and M2 tumor-associated macrophages, which
sustain leukemia and lymphoma cells in a protective niche.8-10

Given distinct and independent roles for PI3K-d and PI3K-g in
supporting tumor growth and survival, their dual inhibition
represents a broader mechanistic approach and may provide
greater benefit than inhibiting just 1 isoform alone. This concept
was demonstrated preclinically in a DoHH2 xenograft model
of human transformed follicular lymphoma in which tumor growth

inhibition was significantly greater in duvelisib-treated mice com-
pared with those treated with a PI3K-d–selective inhibitor11 and
supports the rationale for advancing investigation of duvelisib as a
therapy for hematologic malignancy patients.

Here we report the results from the first clinical study of duvelisib
in patients with advanced hematologic malignancies, including
maximum tolerated dose (MTD), pharmacokinetics (PK), pharma-
codynamics (PD), efficacy, and safety across numerous hematologic
malignancies. Based upon these phase 1 data, duvelisib is being
evaluated in phase 2 and 3 studies for the treatment of advanced
hematologic malignancies, including indolent non-Hodgkin lym-
phoma (iNHL) and chronic lymphocytic leukemia (CLL).

Patients and methods
Study design and treatment
Study IPI-145-02 was a phase 1, open-label, dose-escalation study
in patients with advanced hematologic malignancies. Duvelisib
was administered as oral capsules twice daily continuously in
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28-day cycles until disease progression or unacceptable toxicity.
Dose interruptions and dose reductions (up to 2) were allowed
in the event of duvelisib-related toxicities. Clinic visits occurred
weekly during the first 3 treatment cycles, once every 2 weeks
during cycles (C) 4 and 5, monthly during C6 through C19, and
once every third cycle thereafter. The MTD was established in the
dose escalation phase (DEP), which included patients with various
types of advanced hematologic malignancies (see “Patients and
eligibility criteria”). Dose escalation was executed in a standard
313 design, based on the occurrence of dose-limiting toxicities
(DLTs) during C1. A DLT was defined as death, treatment-related
grade 4 hematologic toxicity of .7 days’ duration, or treatment-
relatednonhematologic$grade3 toxicity.Doses in theDEP ranged
from 8 to 100mg twice daily. All patients who received at least 75%
of their prescribed C1 doses or had a DLT during C1 were con-
sidered evaluable. The MTD was defined as the dose level below
the dose at which .33% of evaluable patients experienced a DLT.

Based on safety, PK/PD, and efficacy results from the DEP, ex-
pansion cohorts at 25mg twicedaily were enrolledbefore reaching
the MTD at 75 mg twice daily. Once the MTD was established,
expansion cohorts at 75 mg twice daily were also opened.

Based upon known opportunistic infection risks in these heavily
pretreated patient populations and safety events noted in this

study, the protocol was proactively amended in March 2013 to
requiremandatory Pneumocystis prophylaxis for all patients, and
in September 2014 to recommend herpes simplex virus pro-
phylaxis. The original protocol included additional prophylaxis
per institutional guidance or investigator discretion for cyto-
megalovirus and herpes zoster virus infection.

All patients signed an informed consent before undergoing any
study procedure. The protocol was approved by investigative
site institutional review boards, and the study was conducted per
local and federal regulations and the Declaration of Helsinki.

Patients and eligibility criteria
Patients enrolled in the DEP were $18 years of age with a life
expectancy.3 months and a diagnosis of advanced hematologic
malignancy. Patients were required to have progressed on or
been refractory to or intolerant of established therapy. Exclusion
criteria included previous exposure to PI3K inhibitor(s); a diagnosis
of overt leptomeningeal leukemia or central nervous system
lymphoma; ongoing high-dose immunosuppression for chronic
conditions; inadequate hepatic function, chronic hepatitis, or
other chronic liver disease; inadequate bone marrow function
(absolute neutrophil count,750 cells/mm3, platelets,75 000/mm3,
and hemoglobin ,8 g/dL without transfusion or cytokine support
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Figure 1. Mean duvelisib plasma concentrations following
single-dose (cycle 1, day 1) and multiple-dose (cycle 2,
day1) administration.BID, twice daily; SD, standard deviation.
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for .2 weeks before initiating study treatment); inadequate
renal function; HIV infection; history of alcohol abuse; and
pregnancy/lactation.

Enrollment criteria for the expansion phase were similar to the
DEP, except that patients who previously received another PI3K
inhibitor were eligible, and the exclusion for inadequate bone
marrow function was removed. Eligible disease subtypes for
the expansion phase included relapsed/refractory (RR) and
treatment-naı̈ve (TN) CLL, relapsed iNHL, and cutaneous and
peripheral T-cell lymphoma (TCL). TN CLL patients were re-
quired to be$65 years of age and/or have a 17p deletion and/or
TP53 mutation. Additional cohorts included patients with acute
myeloid leukemia, myelodysplastic syndrome, myeloprolifera-
tive neoplasms, acute lymphoblastic T-cell leukemia/lymphoma,
and acute lymphoblastic B-cell leukemia.

Pharmacokinetic methods
Plasma samples for PK analyses were obtained from patients in
both phases predose and 0.5, 1, 2, 3, 4, 6, 8, and 24 (C1 only)
hours after themorning dose of duvelisib on day 1 (D1) of C1 and
C2 (Figure 1). Plasma samples were analyzed using a validated
liquid chromatography with tandem mass spectrometry method
(lower limit of quantitation of the assay 5 1.00 ng/mL for both
duvelisib and IPI-656, the major metabolite). IPI-656 is derived
from oxidization of duvelisib and is inactive on PI3K-d and
PI3K-g (JanidAli, unpublished data, 10May 2011). The PK analysis
set included all patients with sufficient data to determine the PK
parameters of duvelisib or IPI-656 following the first dose of
duvelisib (supplemental Tables 1-3, available on the Blood Web
site). PK parameters were derived using noncompartmental
methods and included maximum plasma concentration (Cmax),
time to Cmax, terminal elimination half-life, and area under the
time-concentration curve (AUC).

Pharmacodynamic methods
Blood samples for PD analyses were collected in both the DEP
and the expansion phase. To assess phospho-AKT (p-AKT)
inhibition, whole blood samples were collected predose on
C1D1 and at 1 and 24 hours after a single dose. CLL cells were
evaluated by phospho-flow cytometry after coimmunostaining
for CD191, CD31, CD51, and p-AKT Ser4731. Validation of the
assay was performed with whole blood samples from normal
healthy donors that were treated with duvelisib ex vivo. Precision
and accuracy was determined to have a coefficient of variation
,15%, and stability of samples was satisfactory for 48 hours. The
percentage of positive CD191, CD32, and CD51 cells in the
lymphocyte size gate that were p-AKT Ser4731 was determined.

Changes in the cell proliferation marker Ki67 were evaluated by
flow cytometry using whole blood samples collected predose on
C1D1 and C2D1 from CLL patients. The percentage of positive
CD191, CD32, and CD51 cells in the lymphocyte size gate that
were Ki671 was determined.

Using serum collected from iNHLor CLLpatients,multiplex panels
of cytokines, chemokines, and matrix metalloproteinases (72 total
analytes) associated with the B-cell malignancy tumor microen-
vironment12 were evaluated using Luminex xMAP technology
(Luminex Corp., Austin, TX). The PD analysis set consisted of
patients with iNHL and CLL with a C1D1 predose sample and at
least 1 other sample (C1D8, C2D1, C3D1, or C5D1).

Efficacy methods
Disease response (complete response [CR], partial response,
stable disease or progression) was determined by the investigator
per disease-specific response criteria on D1 of C3, C5, and C7;
every third cycle from C10 through C19; and every sixth cycle
thereafter using computed tomography scans and positron
emission tomography, where indicated. A bone marrow biopsy
and/or aspiration was performed to confirm a radiographic CR.
Efficacy (response) is presented by disease subtype.

Safety methods
Adverse event (AE) monitoring and laboratory assessments were
performed at all clinic visits. Severity was graded using the Na-
tional Cancer Institute Common Terminology Criteria for Adverse

Table 1. Patient demographics and disease history

Demographic parameter
All patients
(N 5 210)

Age (y), median (range) 66.5 (25-86)

Race, white, n (%) 185 (88.1)

Sex, male, n (%) 132 (62.9)

ECOG score, 0/1/2, % 28.1/65.2/6.7

Number of prior systemic therapies,
median (range)

3.0 (0-11)

$3 prior systemic regimens, n (%) 133 (63.3)

Current diagnosis at enrollment, n (%)
iNHL 31 (14.8)

FL 24 (11.4)
iNHL (not otherwise specified) 1 (0.5)
MZL 2 (1.0)
WM/LPL 4 (1.9)

CLL/SLL (RR) 55 (26.2)
CLL 50 (23.8)
SLL 5 (2.4)
CLL (TN) 18 (8.6)

T-cell NHL 35 (16.7)
Cutaneous TCL 19 (9.0)
Peripheral TCL 16 (7.6)

Other diagnoses 71 (33.8)
aNHL 26 (12.4)
MCL 10 (4.8)
AML 6 (2.9)
MM 3 (1.4)
HL 3 (1.4)
Myelofibrosis 5 (2.4)
MDS 6 (2.9)
T-cell ALL 5 (2.4)
B-cell ALL 4 (1.9)
LGL 3 (1.4)

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; aNHL, aggressive non-
Hodgkin lymphoma; ECOG, Eastern Cooperative Oncology Group; FL, follicular
lymphoma; LGL, large granular lymphocytic leukemia; LPL, lymphoplasmacytic lymphoma;
MCL, mantle cell lymphoma; MDS, myelodysplastic syndrome; MM, multiple myeloma;
MZL, marginal zone lymphoma; WM, Waldenström macroglobulinemia.

Bold entries in patient column denote disease subtypes represented in the patient
population.
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Events, version 4.03. AE relationship to duvelisib treatment was
based on investigator assessment. Safety summaries include all
patients who received at least 1 dose of duvelisib.

Statistical methods
Descriptive statistics, including frequency and percentage for
categorical end points, are presented. For the overall response
rate (ORR), the Clopper-Pearson 95% confidence interval (CI)
is provided. Statistical analyses comparing dose groups were
not performed, and expansion cohort sample sizes were not
prespecified. Analyses of PD data included 2-sample t test
comparisons of C1D1 values compared with values from healthy
donor samples (serum purchased from BioreclamationIVT,
Hicksville, NY); and paired t tests of the change from C1D1 to
subsequent on-treatment time points. These analyses were
evaluated at an a of 0.05 after Bonferroni correction for multiple
comparisons.

Results
Patient demographic characteristics, disposition,
and treatment
Across the 210 patients who received duvelisib, the median
age was 67 years (range, 25-86), and most were white (88%) and

male (63%). Nearly all patients (93%) had an Eastern Cooperative
Oncology Group Performance Status score ,2 at baseline, and
63% had received$3 prior systemic anticancer regimens. Of the
disease subtypes enrolled, most patients had RR CLL (n 5 55;
includes 5 with small lymphocytic lymphoma), followed by TCL
(n 5 35), iNHL (n 5 31), aggressive NHL (n 5 26), and TN CLL
(n 5 18) (Table 1).

The median duration of duvelisib treatment was 16 weeks
(range, 0.3-166.6) across all doses. Twenty of the 55 patients with
RR CLL/small lymphoblastic lymphoma (SLL) (36.4%) and 12 of
the 18 patients with TN CLL (66.7%) stayed on duvelisib for
.1 year (or at least 12 cycles of 28 days each). Table 2 includes
median exposure in the major cohorts at 2, 6, and 12 months.

MTD
The DEP enrolled 31 patients who received duvelisib at 1 of
8 dose levels (range, 8 to 100 mg twice daily) (Figure 2). Four
patients experienced a DLT: 1 grade 4 neutropenia at 15 mg
twice daily; 1 grade 3 cellulitis at 75 mg twice daily; 1 patient
had 2 grade 3 DLTs (increases in alanine transaminase [ALT]
and aspartate transaminase [AST]); and 1 patient had a rash at
100 mg twice daily. Based on these findings, the MTD was
determined to be 75 mg twice daily (Table 3).

Table 2. Exposure of major cohorts to duvelisib

Cohort diagnosis Total (N 5 210), n (%)
Subjects who began

2/6/12 cycles (28 d) (%) Median cycles begun

iNHL 31 (14.8) 27/15/8 (87.1/48.4/25.8) 5

CLL/SLL (RR) 55 (26.2) 54/34/20 (98.2/61.8/36.4) 6

CLL (TN) 18 (8.6) 17/15/12 (94.4/83.3/66.7) 16

T-cell NHL 35 (16.7) 26/11/3 (74.3/31.4/8.6) 4

8 mg BID
N=1

15 mg BID
N=6

25 mg BID
N=7

35 mg BID
N=3

50 mg BID
N=3

60 mg BID
N=3

100 mg BID
N=2

2 DLTs

1 DLT

MTD

1 DLT

75 mg BID
N=118

Expansion Cohorts25 mg BID
N=59

75 mg BID
N=6

Figure 2. Study design. The first row of boxes shows the dose escalation cohort (n5 31) and the 4 dose-limiting toxicities of duvelisib (1 at 15 mg BID, 1 at 75 mg BID, and 2 at
100 mg BID). The MTD was found to be 75 mg BID. The lower 2 boxes represent the expansion cohorts (1 at 25 mg BID and 1 at 75 mg BID).
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PK results
PK analysis included 207 patients from the DEP and the ex-
pansion phase who received duvelisib at doses ranging from
8 to 100 mg twice daily. After a single dose (C1D1), duvelisib
was rapidly absorbed, reaching peak concentration 1 to 2 hours
later. After multiple doses, maximum plasma concentrations
ranged from 471 to 3294 ng/mL, and systemic exposure (based
on AUC0-12) ranged from 2001 to 19059 ng/h per milliliter.
A threefold change in the dose (25 to 75 mg) resulted in a 2.2-
and 2.4-fold change in Cmax and AUC, respectively. Duvelisib
clearance was 3.6 to 11.2 L/h; volume of distribution was 26 to
102 L. Duvelisib half-life after a single dose was 5.2 to 10.9 hours
(Figure 1; supplemental Table 1).

The rate of accumulation ranged from 1.5 to 2.9 (except for the
60 mg twice daily group, whose rate was 0.9) and the 100 mg
twice daily group (whose rate was not calculated), suggesting a
1.5- to approximately threefold increase in exposure to duvelisib
with repeat administration (Figure 1; supplemental Table 2).

PD results
A single dose of duvelisib 25 or 75mg induced rapid inhibition of
p-AKT (S473), a key mediator of PI3K signaling,13 in CLL tumor
cells, which remained suppressed compared with baseline in the
majority of samples at 24 hours (Figure 3). In addition, near-
complete inhibition of CLL cell proliferation (assessed by Ki-67
expression at C2D1) was observed in nearly all patients with CLL.
Neither Ki-67 nor p-AKT inhibition was dose-dependent, and
both were maximal at 25 mg.

Additionally, serum cytokine and chemokine levels associated with
the tumormicroenvironment were analyzed in 54 patients with CLL
and 24 patients with iNHL. Nine of the 72 serum analytes tested
decreased significantly from baseline to C1D8 in CLL (P , .0007)
and exhibited a significant$30%median change in iNHL (P, .05):
CCL1, CCL4, CCL17, CCL22, CXCL10, CXCL13, interleukin-10,
matrix metalloproteinase-9, and tumor necrosis factor-a. Eight of
the 9 analytes (except interleukin-10 in iNHL) were elevated in
patient serum at baseline compared with healthy donors (n5 33).

Safety results
Among the entire study population (DEP and expansion phase,
n 5 210), the most frequent (.15% patients overall or .5%
$grade 3) all-causality, treatment-emergent AEs are presented in
Table 4. Most events were grade 1 or 2, with a few exceptions.
Although the study was not statistically designed to detect sig-
nificant differences between dose levels, there did not appear to
be a notable difference in the safety profile of duvelisib by dose.
The 2 largest dose cohorts (25 mg twice daily and 75 mg twice
daily) showed similar rates of severe (grade$3) AEs (80% vs 87%),
AEs investigator-assessed as related to duvelisib (85% vs 91%),
and AEs leading to treatment discontinuation (27% vs 36%).

As expected for this patient population, hematologic AEs (neu-
tropenia, anemia, thrombocytopenia) were relatively common.
Neutropenia was the most frequent, occurring in 39% of patients,
with 32% of patients experiencing $grade 3 events. However,
these events infrequently necessitated treatment modifications,
were rarely serious, and resulted in treatment discontinuation in
only 2 patients.

Transaminase (ALT/AST) elevations (39/38%) and diarrhea (42%)
were the most frequent nonhematologic AEs overall and the
most common nonhematologic events $grade 3. Although
the AE profile in individual disease cohorts was generally con-
sistent with the whole study population, the incidences of di-
arrhea in TN CLL patients (78%) and transaminase elevations in
TCL (57%) and iNHL (58%) may reflect cohort-specific differ-
ences. AST and ALT increases were observed early in treatment,
with a median time to onset of first occurrence of 1.2 months. For
severe transaminase elevations, median duration was approxi-
mately 2 weeks. Most patients with transaminase elevations were
managed with dose modifications, and few patients (n5 14; 7%)
discontinued treatment because of these events. For diarrhea,
the median time to first occurrence (any grade) was 2.2 months,
whereas the median time to severe diarrhea ($grade 3) was

Table 3. Patients in the DEP and corresponding DLTs
(dose escalation set)

Duvelisib dose Patient no.
Disease
subtype DLT

8 mg BID 1 RR CLL/SLL —

15 mg BID 2 RR CLL/SLL Grade 4
neutropenia

3 iNHL —

4 MM —

5 aNHL —

6 MM —

7 RR CLL/SLL —

25 mg BID 8 iNHL —

9 aNHL —

10 RR CLL/SLL —

11 MCL —

12 TCL —

13 RR CLL/SLL —

14 iNHL —

35 mg BID 15 HL —

16 aNHL —

17 MM —

50 mg BID 18 iNHL —

19 TCL —

20 HL —

60 mg BID 21 TCL —

22 TCL —

23 TCL —

75 mg BID 24 aNHL —

25 TCL —

26 TCL Grade 3
cellulitis

27 HL —

28 aNHL —

29 aNHL —

100 mg BID 30 aNHL Grade 3 ALT
elevation

Grade 3 AST
elevation

31 TCL Grade 3 rash
(maculopapular)

AEs were coded using Medical Dictionary for Regulatory Activities, version 16.1, and were
graded using the National Cancer Institute Common Terminology Criteria for Adverse
Events, version 4.03.

MM 5 multiple myeloma.

*Patient number represents the order in which patients were enrolled in the study.
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4.9 months. Severe events of colitis and pneumonitis were re-
ported in 12 (6%) and 9 (4%) patients, respectively.

Not surprisingly given the patient population, infections of all
grades were common, reported in 128 (61%) patients. The most
frequent infection AE was upper respiratory tract infection, in
34 (16.2%) patients. Pneumonia (28 patients, 13% overall) was
the only infection AE to occur at $grade 3 severity in .5% of
patients (severe events in n5 20 or 10% of patients). Additionally,
Pneumocystis jirovecii pneumonia was reported in 3 patients
(1%, none of whom was on prophylaxis before infection) and
cytomegalovirus infection in 2 patients (1%).

All 11 patients (5%) who experienced fatal AEs other than dis-
ease progression had RR disease, including RR CLL (5 patients),
iNHL, DLBCL, and TCL (2 patients each). There were no fatal
treatment-emergent AEs in TN CLL patients. Eight patients with
fatal infections had received 3 to 9 prior therapies, many of which
were chemoimmunotherapy regimens, and half had already
discontinued duvelisib because of progressive disease before
the onset of the AE. Infectious treatment-emergent AEs included
2 cases of P jirovecii pneumonia (before the enactment of the
protocol amendment requiring Pneumocystis prophylaxis at all
investigative sites). The remaining infectious fatal events, each
in a single patient, were Escherichia sepsis, various pneumonias
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Figure 3. Reductions in key pharmacodynamic markers of inhibition and proliferation in CLL cells from patients with RR CLL/SLL and TN CLL. Phosphorylation of AKT at
S473 was measured by flow cytometry in CD191/CD51 CLL cells obtained from whole blood collected at baseline (0 h) and at 1 h and 24 h postdose on C1D1. Ki-67, a marker
of cell proliferation, was measured by flow cytometry on CD191/CD51 CLL cells obtained from whole blood collected predose (0 h) on C1D1 and C2D1). All data shown
as percent positive.
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(fungal, herpes viral, Pseudomonas aeruginosa, respiratory syncytial
viral), and pseudomonal sepsis. Three patients died of non-
infectious AEs: 1 of metabolic acidosis (assessed as treatment
related) and 2 of respiratory failure.

Efficacy results
Response was reported per investigator assessment using disease-
specific response criteria. The ORR in patients with RR CLL (n5 55)
and TNCLL (n5 18) was 56% and 83%, respectively, and included
1 CR in an RR patient. In patients with iNHL (n5 31), the ORR was
58%, which included 6 CRs. Among TCL patients, responses (all
PRs) were observed in 32% of patients with cutaneous TCL (n5 19)
and 50% (including 3 CRs) of patients with peripheral TCL (n5 16).
As additional evidence of duvelisib efficacy in hematologic ma-
lignancies, responses were observed in other small disease co-
horts, including CRs in patients with myelodysplastic syndrome,
mantle cell lymphoma, and aggressive NHL (Table 5).

Discussion
In this phase 1, open-label, dose-escalation study, the PK, PD,
safety, and efficacy of duvelisib were evaluated in patients
representing a broad range of advanced hematologic malig-
nancies. Based upon the occurrence of 2 DLTs at 100 mg twice
daily, the MTD of duvelisib was determined to be 75 mg twice

daily. Duvelisib demonstrated in vivo pharmacologic activity
through rapid and sustained reductions in p-AKT, a downstream
marker of PI3K signaling and reductions in Ki-67 expression, early in
treatment (C2D1). Maximal p-AKT and Ki-67 effects were achieved
at 25 mg twice daily, with higher duvelisib doses and/or plasma
concentrations not providing further suppression. These findings, as
well as the clinically meaningful activity at 25mg twice daily, in-
formed the decision to open expansion phase cohorts at this dose
and to ultimately advance it for further investigation in phase 2 and
3 studies. Duvelisib is rapidly absorbed after multiple-dose ad-
ministration (time to Cmax, 1-3 hours) and shows a nearly dose-
dependent PKprofile whereby a threefold increase in dose resulted
in an approximately twofold increase in Cmax and AUC. Duvelisib is
widely distributed to peripheral tissues (as indicated by a large
volume of distribution) and is eliminated with a half-life of 2.7 to
7.5 hours. Most of the compound is hepatically transformed into
its inactive major metabolite, IPI-656, before enteric elimination.

Recent preclinical and early clinical data on a PI3K-g–specific
inhibitor suggest an acceptable safety profile in patients with
advanced malignancies.14,15 Within the context of dual PI3K-d,g
inhibition, the AE profile of duvelisib wasmanageable, with most
treatment-emergent AEs presenting as low-grade events (grade
1-2). Many commonly observed AEs, such as infections and
cytopenias, are expected in a heavily pretreated population with

Table 4. Incidence of AEs (>15% of patients overall or >5% ‡grade 3)

AE category, SOC, PT All patients (all duvelisib doses) (N 5 210), n (%)

Grade Any 3 4

Hematologic
Neutropenia 81 (38.6) 19 (9.0) 23 (11.0)
Anemia 52 (24.8) 29 (13.8) 1 (0.5)
Thrombocytopenia/decreased platelets 49 (23.3) 9 (4.3) 21 (10.0)

Investigations
ALT increased 81 (38.6) 33 (15.7) 8 (3.8)
AST increased 79 (37.6) 30 (14.3) 2 (1.0)
Hypokalemia 31 (14.8) 5 (2.4) 6 (2.9)

Nonhematologic
Diarrhea 88 (41.9) 24 (11.4) 0
Fatigue 85 (40.5) 17 (8.1) 1 (0.5)
Pyrexia 74 (35.2) 3 (1.4) 0
Nausea 67 (31.9) 7 (3.3) 0
Cough 66 (31.4) 1 (0.5) 0
Decreased appetite 44 (21.0) 2 (1.0) 0
Edema peripheral 43 (20.5) 1 (0.5) 0
Dyspnea 41 (19.5) 9 (4.3) 2 (1.0)
Headache 38 (18.1) 4 (1.9) 0
Vomiting 37 (17.6) 4 (1.9) 0
Arthralgia 35 (16.7) 4 (1.9) 0
Rash maculopapular 34 (16.2) 11 (5.2) 0
Upper respiratory tract infection 34 (16.2) 1 (0.5) 0
Rash 30 (14.3) 1 (0.5) 0
Constipation 32 (15.2) 1 (0.5) 0
Pneumonia 28 (13.3) 19 (9.0) 1 (0.5)

AEs were coded using Medical Dictionary for Regulatory Activities, version 16.1, and were graded using the National Cancer Institute Common Terminology Criteria for Adverse Events,
version 4.03.

PT, preferred term; SOC, system organ class.
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advanced hematologic malignancies. There were 8 deaths from
infectious events, all in heavily pretreated patients, half of which
occurred in the setting of disease progression. Immune system
dysfunction inherent to advanced hematologic malignancies and
persisting from prior therapy confounds the relative contribution of
duvelisib treatment to infectious complications.16 However, the
preliminary safety data across this diverse patient population in-
formed riskmitigation guidance, including dosingmodifications and
mandatory Pneumocystis prophylaxis, for the subsequent phase 2
(iNHL)17 and phase 3 (CLL/SLL) studies with duvelisib from which a
more robust clinical risk-benefit assessment may be derived.

Consistent with observations in studies of PI3K inhibitor therapy,
transaminase (ALT/AST) elevations and diarrhea were frequent.
These events, even when severe, were often manageable with
dose modifications and rarely resulted in treatment discontinua-
tion. Transaminase elevations were observed somewhat early in
treatment, within the first 2months, anddid not appear to be dose
dependent. Severe diarrhea events tended to occur later, ap-
proximately 5 to 6months into treatment, and also did not appear
to be dose dependent. Diarrhea and colitis represent a clinico-
pathologic spectrum of toxicity associated with PI3K-d inhibitor
therapy.2 The absence of universal colonoscopy evaluations for all
severe diarrhea events may confound estimation of colitis in-
cidence. With regard to safety across disease populations, diarrhea
incidence was similar across relapsed disease groups but higher in
TN CLL, and transaminase elevations were less frequent in RR CLL
than in iNHL or TCL (data not shown), suggesting toxicity modu-
lation by disease-specific factors, or differences in prior treatments
or immune-cell populations. These findings are consistent with
results from studies of other PI3K-d inhibitors, such as idelalisib.18,19

The complex interplay between tumor cells and the tumor mi-
croenvironment and the clinical utility of its disruption have been
the focus of investigation. In this study, significant on-treatment
reductions of key serum cytokines and chemokines expressed by
malignant B cells12 and tumor-supporting myeloid and T cells
were observed. These data suggest potential pharmacodynamic
effects of duvelisib on the tumor microenvironment and warrant
additional characterization within the context of specific lymphoid
malignancies in future studies.4,20-25

The clinical activitywith duvelisib treatment across the various disease
populations enrolled in this phase 1 study was consistent with the
current understanding of the contributions of PI3K-d and PI3K-g to
the pathogenesis and maintenance of hematologic malignancies.
Responseswere noted across the dose range evaluated and in nearly
all groups examined. Response rates were particularly noteworthy in
patients with RR iNHL and CLL, in whom respective ORR of 58% and
56% represent meaningful clinical activity. In RR TCL, ORR of 50% in
patients with peripheral TCL and 32% in those with cutaneous TCL
are also compelling given the modest response rates of approved
single agents, which range from 25% to 29%.26-28 The underlying
mechanism for this observed sensitivity is unknown. In addition
to the importance of PI3K-d/g in T-cell functions,8,22,29-31 an additional
mechanismmaybea tumormicroenvironment disruption inducedby
PI3K-d/PI3K-g inhibition; in some peripheral TCL subtypes, particu-
larly angioimmunoblastic TCL, molecular profiling has identified
microenvironmental signatures further associated with poor out-
come.32 Given the activity observed in this study, further character-
ization of duvelisib’s clinical and biologic effects in TCL is warranted.
Accordingly, a phase 2 study in TCL is under development.

Despite progress in extending survival in patients with advanced
hematologicmalignancies, RR advanced-stage B-cell lymphoma and
TCL remain largely incurable, requiring life-longmanagementofboth
the disease and its associatedmorbidity. The simultaneous targeting
of cell-autonomous survival pathways and disruption of the complex
interplay between tumor cells and their microenvironment through
combined PI3K-d and PI3K-g inhibition may represent another ther-
apeutic alternative. In extensively pretreatedpatientswithRR leukemia
or lymphoma and previously untreated CLL, duvelisib monotherapy
demonstrated clinically meaningful activity and an acceptable safety
profile. Basedon the findings from theDEPand the expansionphase,
25mg twicedaily duvelisibwas selected for future evaluation inphase
2 and 3 studies. This decision was supported in part by the PD
findings, which showed that duvelisib plasma exposure at doses
.25 mg twice daily did not result in increased suppression of p-AKT
or Ki-67, 2 downstream markers of PI3K-d inhibition. In addition,
response rates were not higher with doses .25 mg twice daily.

In summary, findings from this phase 1 study, the first clinical eval-
uationof duvelisib, anoral dual inhibitor of PI3K-d andPI3K-g, support
continued development as a potential contributor to the lymphoma
and leukemia treatment paradigm. To further assess duvelisib 25 mg
twice daily monotherapy, 2 studies are in progress: Duvelisib in
Subjects With Refractory Indolent Non-Hodgkin Lymphoma
(NCT01882803), a phase 2 study in patients with relapsed iNHL, and
DuvelisibVersusOfatumumab inPatientsWithRelapsedorRefractory
CLL/SLL (NCT02004522), a phase 3 study in patients with RR CLL.
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