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DISCLAIMER STATEMENT

The attached package contains background information prepared by the Food and Drug Administration
(FDA) for the panel members of the Advisory Committee. The FDA background package often contains
assessments and/or conclusions and recommendations written by individual FDA reviewers. Such
conclusions and recommendations do not necessarily represent the final position of the individual
reviewers, nor do they necessarily represent the final position of the Review Division or Office. We have
brought the Duvelisib New Drug Application (NDA) to this Advisory Committee in order to gain the
Committee’s insights and opinions, and the background package may not include all issues relevant to
the final regulatory recommendation and instead is intended to focus on issues identified by the Agency
for discussion by the Advisory Committee. The FDA will not issue a final determination on the issues at
hand until input from the Advisory Committee process has been considered and all reviews have been
finalized. The final determination may be affected by issues not discussed at the Advisory Committee
meeting.
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Adverse event
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Alanine aminotransferase
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Bruton’s tyrosine kinase
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Complete response
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E-R
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Food and Drug Administration
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Independent Review Committee
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Intent-to-treat
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International Workshop on Chronic Lymphocytic Leukemia

MedDRA
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Maximum tolerated dose

MZL

Marginal zone lymphoma
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New Drug Application
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Non-Hodgkin lymphoma

ORR

Overall response rate
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Overall survival
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Phosphatidylinositol 3-kinase
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Progression-free survival

PK

Pharmacokinetic

PR
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SAE

Serious adverse event

SAP

Statistical analysis plan

SEER

Surveillance, epidemiology, and end results

SLL

Small lymphocytic lymphoma

TEAE

Treatment-emergent adverse event

USPI

U.S. Prescribing Information

Introduction
Purpose of the Advisory Committee (AC) Meeting

The FDA is convening this Oncologic Drugs Advisory Committee (ODAC) meeting to discuss updated overall survival
data with duvelisib from the DUO trial, safety and tolerability concerns with duvelisib and the PI3K inhibitor class,
and concerns with the selected dose of duvelisib, which will inform a current evaluation of the benefit-risk of
duvelisib.
The topics for discussion include:
-

Discuss whether the current data demonstrate that duvelisib is safe in patients with relapsed or refractory
chronic lymphocytic leukemia (CLL) or small lymphocytic lymphoma (SLL).
Discuss how the available data impacts a current assessment of benefit-risk for duvelisib in the indicated
population, patients with relapsed or refractory CLL or SLL who have received at least two prior therapies.

Context for Issues to Be Discussed at the AC
Duvelisib is a phosphatidylinositol 3-kinase (PI3K) inhibitor indicated for the treatment of adult patients with
relapsed or refractory CLL or SLL after at least two prior therapies.
Study IPI-145-07 (DUO trial) was a randomized (1:1), open label, actively-controlled trial evaluating duvelisib
versus ofatumumab in 319 adults with CLL or SLL after at least 1 prior therapy. The primary endpoint was
progression-free survival (PFS) as assessed by an Independent Review Committee (IRC). Key secondary endpoints
were overall response rate and overall survival.
In September 2018, based on the results of the DUO trial, duvelisib was granted regular approval for adult patients
with CLL or SLL after at least 2 prior therapies. At that time, the analysis of PFS in the intent-to-treat (ITT)
population, those with at least 1 prior therapy, demonstrated a PFS advantage in the duvelisib arm with a median
PFS of 13.1 months (95% confidence interval [CI]: 12.1, 16.8) compared to 9.9 months (95% CI: 9.2, 11.3) in the
ofatumumab arm with a hazard ratio (HR) of 0.52 (95% CI: 0.39, 0.69, p-value <0.0001). An advantage in overall
response rate (ORR) was also seen on the duvelisib arm, with IRC-assessed ORR of 73.8% (95% CI: 66.9, 80.6 )
compared to 45.3% (95% CI: 37.5, 53.0) in the ofatumumab arm.
However, substantial toxicity was also observed, including fatal events. The primary safety issues identified with
duvelisib included serious or fatal infections, diarrhea or colitis, rash, pneumonitis, hepatotoxicity, and
neutropenia. Because of the toxicity concerns, the efficacy of duvelisib in patients with CLL or SLL with 2 or more
prior therapies was evaluated. Of the 196 patients with 2 or more prior therapies, treatment with duvelisib
demonstrated an improvement in PFS with a median PFS of 16.4 months (95% CI: 12.0, 20.5) in the duvelisib arm
compared to 9.1 months (95% CI: 7.9, 10.7) in the ofatumumab arm with a HR of 0.40 (95% CI: 0.27, 0.59),
demonstrating consistency with the efficacy results in the ITT population. Therefore, taking the safety concerns
into consideration, the benefit-risk evaluation in those patients with 2 or more prior therapies was determined to
be favorable and the indication granted was in patients with CLL or SLL who have received at least 2 prior
therapies.
At the time of the initial approval, the median overall survival (OS) in the ITT population for both duvelisib and
ofatumumab were not reached, with a median follow-up of 24 months for both treatment arms. There were 46
deaths (29%) in the duvelisib arm and 45 deaths (28%) in the ofatumumab arm, with an estimated HR of 0.99 (95%
CI: 0.65, 1.50). In the indicated population, those with 2 or more prior therapies, median OS was not reached with
28 deaths (29%) in the duvelisib arm and 34 deaths (34%) in the ofatumumab arm, with an estimated HR of 0.82
(95% CI: 0.49, 1.37).

Due to the toxicity concerns with duvelisib and immature OS data, FDA issued a postmarketing requirement (PMR)
under Section 505(o)(3) of the Federal Food, Drug, and Cosmetic Act to assess a signal of fatal adverse reactions.
Therefore, FDA required submission of overall survival data from the DUO trial with 5 years of follow-up.
The 5-year OS analysis from the DUO trial was submitted in June 2021 and FDA conducted an efficacy and safety
evaluation based on a data cutoff of January 22, 2021. Analysis of efficacy is based on the ITT population of 319
patients and in the indicated population of 196 patients who received at least 2 or more prior therapies. Safety is
based on all patients who received at least one dose of study treatment.
Efficacy:
OS:
ITT Population
•

With a median of 63-months of follow-up, the median OS in the ITT population was 52.3 months (95% CI:
41.8, 68.0) in the duvelisib arm and 63.3 months (95% CI: 41.2, NE) in the ofatumumab arm with an
estimated HR of 1.09 (95% CI: 0.79, 1.51). There were 80 deaths (50%) in the duvelisib arm and 70 deaths
(44%) in the ofatumumab arm.

Patients with ≥2 prior therapies:
•

With a median of 63-months of follow-up, the median OS in patients with 2 or more prior therapies was
43.9 months (95% CI: 32.4, 56.5) in the duvelisib arm and 46.8 months (95% CI: 28.6, 74.9) in the
ofatumumab arm with an estimated HR of 1.06 (95% CI 0.71, 1.58). There were 53 deaths (56%) in the
duvelisib arm and 49 deaths (49%) in the ofatumumab arm.

PFS per Investigator:
ITT Population
With a median of 52-months of follow-up, the median PFS in the ITT population was 17.8 months (95% CI:
15.1, 22.0) in the duvelisib arm and 9.6 months (95% CI: 9.3, 11.4) in the ofatumumab arm with an
estimated HR of 0.37 (95% CI: 0.28, 0.49). There were 114 PFS events (71%) in the duvelisib arm and 134
PFS events (84%) in the ofatumumab arm.
Patients with ≥2 prior therapies:
•

•

With a median of 52-months of follow-up, the median PFS in patients with 2 or more prior therapies was
17.8 months (95% CI: 12.7, 22.8) in the duvelisib arm and 9.3 months (95% CI: 7.6, 9.5) in the ofatumumab
arm with an estimated HR of 0.35 (95% CI: 0.25, 0.50). There were 73 PFS events (77%) in the duvelisib
arm and 84 PFS events (83%) in the ofatumumab arm.

Safety:
•

Fatal adverse events (AEs) occurred in 23 patients (15%) in the duvelisib arm and 5 patients (3%) in the
ofatumumab arm.

•

Grade 3 or greater adverse events occurred in 144 patients (91%) in the duvelisib arm and 75 patients
(48%) in the ofatumumab arm.

•

Serious adverse events occurred in 124 patients (78%) in the duvelisib arm and 50 patients (32%) in the
ofatumumab arm.

•

Adverse events leading to treatment discontinuation occurred in 70 patients (44%) versus 9 patients (6%),
dose reduction in 48 patients (30%) versus 2 patients (1%), and dose interruption in 112 patients (71%)
versus 83 patients (54%) in the duvelisib arm compared to the ofatumumab arm, respectively

Brief Description of Issues for Discussion at the AC
Potential Detriment in Overall Survival

With a median overall survival follow-up of 63 months, there is a higher rate of death in the duvelisib arm
compared to the ofatumumab arm in both, the ITT population (50% vs. 44%) and the indicated population
(patients with ≥2 prior therapies, 56% vs. 49%). In the ITT population, median OS favors the ofatumumab arm with
a median of 63.3 months (95% CI: 41.2, NE) compared to 52.3 months (95% CI: 41.8, 68.0) in the duvelisib arm,
with a HR of 1.09 (95% CI: 0.79, 1.51). In the indicated population, the median OS is 46.8 months (95% CI: 28.6,
74.9) in the ofatumumab arm compared to 43.9 months (95% CI: 32.4, 56.5) in the duvelisib arm with a HR of 1.06
(95% CI: 0.71, 1.58).
While overall survival was a descriptive secondary endpoint in the DUO trial, the 5-year OS results in the setting of
a benefit in PFS and ORR indicate that the potential detriment in OS is a primary safety concern.
The FDA would like to highlight the following regarding the 5-year OS results:
•

The 5-year overall survival analysis was issued as a postmarketing requirement per Section 505(o)(3) of the
Federal Food, Drug, and Cosmetic Act based on concerns of fatal and serious toxicity with duvelisib and
immature OS data at the time of approval.

•

Death due to an adverse event occurred in 23 patients (15%) treated with duvelisib and 5 patients (3%)
treated with ofatumumab. The primary difference in fatal adverse events was infection, with 14 patients
(9%) experiencing a fatal infection with duvelisib compared to 1 patient (<1%) with ofatumumab.

•

In the evaluation of PFS, in the duvelisib arm, there were 31 patients (19.4%) that experienced death prior
to progression versus 12 patients (7.6%) in the ofatumumab arm. In patients with CLL or SLL, progression
isn’t necessarily an indication for treatment.

•

A substantial number of patients crossed over from ofatumumab to receive duvelisib upon progressive
disease (57%). Of those patients, 10% experienced a fatal adverse event.

In general, overall survival is considered the most reliable cancer endpoint as it is an objective measure of clinical
benefit. For randomized controlled trials (RCT) in diseases such as CLL with prolonged survival and the potential for
multiple therapeutic interventions, PFS is often used as the primary endpoint. Regardless, for RCTs with a PFS
endpoint, FDA requires submission of OS data as it is considered both an efficacy and a safety endpoint. The
updated OS data from the DUO trial, which is an important determinant of overall benefit-risk, suggests the
potential for harm to patients treated with duvelisib. Therefore, a re-evaluation of the overall benefit-risk of
duvelisib in patients with relapsed or refractory CLL or SLL, based on new information about a potential OS
detriment in the context of an improvement in PFS and ORR but substantial toxicity, is warranted.

Substantial Toxicity and Poor Tolerability
Duvelisib is associated with substantial toxicity that includes fatal or serious infection, diarrhea or colitis, rash,
pneumonitis, hepatotoxicity, and neutropenia. Within the DUO trial, patients treated with duvelisib experienced
higher rates of Grade ≥3 adverse events, serious adverse events (SAE), and dose modifications due to AEs. A
summary of the differences in safety between the arms in the DUO trial is shown in Figure 1 below.

pharmacokinetic (PK) and pharmacodynamic (PD) data, lead to the selection of the 25 mg BID dose for further
testing. However taken together with the new information suggesting a potential detriment in OS, the high levels
of toxicity and the high rates of treatment discontinuation, dose reductions, and dose interruptions seen in the
DUO trial (Figure 1), the 25 mg BID dose of duvelisib appears to be too high. In the dose selection trial, data from
lower doses of duvelisib were not sufficiently explored. Activity was observed at doses as low as 8 mg BID and
higher rates of grade 3-4 treatment emergent AEs and dose modifications due to AEs were seen with higher levels
of exposure. These findings suggest that a lower dose of duvelisib may be efficacious and more tolerable and
further dose exploration to optimize the dose is warranted.

PI3K Inhibitor Class Concerns
On April 21, 2022, the Oncologic Drugs Advisory Committee convened to discuss the PI3K inhibitor drug class and
the data requirements for future approvals of PI3K inhibitors in patients with hematologic malignancies.
Six randomized trials of PI3K inhibitors in hematologic malignancies have demonstrated detriments in overall
survival. This observation of OS detriments in the setting of an advantage or potential advantage in PFS across
multiple randomized trials within the same drug class is unprecedented in oncology. The overall survival
information in these trials was early and represented a low number of events, yet the same pattern was observed
across multiple trials. Further, in each trial, there was a higher rate of death due to adverse events in the PI3K
inhibitor arm, suggesting that the potential detriment in overall survival was due to toxicity.
The committee members voted in favor of using randomized data to support future approvals of PI3K inhibitors,
given the observed toxicities with the class of drugs and the detriments in OS seen across multiple randomized
trials. The discussion held at the ODAC included topics such as the lack of adequate dose-finding, the toxicity
profile of the class, concerning trends in OS, including in the DUO trial, the safety concerns with chronic
administration, and bias when using PFS as the primary efficacy metric. The committee members highlighted the
importance of OS in informing the benefit-risk evaluation in the setting of substantial toxicity and the need for
adequate data to ensure that a drug is safe and effective, and to rule out the potential for harm.
The discussion that occurred related to the importance of OS as the paramount endpoint to evaluate the benefitrisk of a drug for patients with cancer, further supporting the need to re-evaluate the benefit-risk of duvelisib with
the updated OS information, which suggests a possible detriment in overall survival.

Current Benefit-Risk
Based on the issues outlined above and discussed in detail in the remainder of the briefing document, there are
significant concerns with the benefit-risk profile of duvelisib in patients with CLL or SLL. The concerns include a
potential detriment in overall survival, substantial toxicity, tolerability concerns, and dosing concerns. These
findings, in the setting of a PFS and ORR benefit, suggest a primary safety concern with a toxicity profile that is
consistent with that seen across the class of PI3K inhibitors. In light of the updated survival information with
duvelisib, coupled with the recent information on the class of PI3K inhibitors in hematologic malignancies, the
benefit-risk assessment of duvelisib in patients with CLL or SLL warrants re-evaluation.

Background
Chronic Lymphocytic Leukemia
Chronic lymphocytic leukemia is the most common type of leukemia in Western countries, with an incidence in the
United States of 4.9 cases per 100,000 per year. 1 The disease has a male predominance and median age at
diagnosis of 70 years, with >65% of patients being diagnosed at age 65 or later. 1 CLL is characterized by the clonal
proliferation and accumulation of malignant B lymphocytes in the peripheral blood, bone marrow, and secondary

Trial IPI-145-07 (DUO Trial)
Trial Design

IPI-145-07 (DUO) is a randomized (1:1), actively-controlled, Phase 3 trial evaluating duvelisib compared to
ofatumumab in patients with CLL or SLL after at least 1 prior line of therapy. The primary endpoint was
progression-free survival per an independent review committee and key secondary endpoints were ORR and OS.
Randomization was stratified according to 17p deletion status (presence vs. absence), refractory disease or early
relapse to purine analog-based therapy (yes vs. no), and grade 4 neutropenia or thrombocytopenia at baseline (yes
vs. no).

Key Eligibility Criteria
Eligible patients met the following criteria:
• ≥18 years of age with active CLL or SLL
• Meeting at least one of the IWCLL 2008/IWG criteria for requiring treatment
• Had progression or relapse after at least 1 previous CLL or SLL therapy and were not appropriate for
treatment with a purine analog based-regimen
• Measurable disease with a lymph node or tumor mass >1.5cm in at least 1 dimension by CT
• ECOG performance status 0-2.
Patients were excluded if they met any of the following criteria:
• Richter’s transformation or prolymphocytic leukemia
• Uncontrolled autoimmune hemolytic anemia or idiopathic thrombocytopenic purpura
• Refractory to ofatumumab
• Had prior allogeneic transplant
• Had previously received a PI3K inhibitor or Bruton’s tyrosine kinase (BTK) inhibitor.
The following baseline laboratory results were required at the time of screening:
• Platelet count 10,000 cells/mm3
• Hemoglobin > 8.0 g/dL
• Serum creatinine ≤2 x upper limit of normal (ULN)
• Total bilirubin ≤1.5 x ULN
• Serum AST or ALT ≤3 x ULN
Full protocol eligibility criteria are included in Appendix 2: DUO Trial Eligibility Criteria.

Treatment
Treatments were administered as follows:
•

Duvelisib: Administered orally (as capsules) twice daily in 28-day cycles, with the exception of Cycle 1,
which was 21 days. The starting dose was 25 mg BID, with dose modifications permitted based on the
occurrence of toxicities and at the discretion of the Investigator.
Duvelisib treatment was administered continuously for up to 18 cycles until disease progression or
unacceptable toxicity, whichever occurred first. Additionally, criteria for discontinuing treatment prior
to 18 cycles in those with demonstrated CR/CRi (CLL) or CR (SLL) and for continuing treatment for up
to 39 total cycles in those with documented evidence of response and disease requiring continued

treatment according to IWCLL/IWG criteria following 18 cycles were also provided. See Appendix 3 for
the full guidelines for duvelisib treatment duration as outlined in the protocol.
•

Ofatumumab: Administered as 12 doses over 7 cycles with a starting dose of 300 mg IV on Day 1,
followed by 7 weekly doses of 2000 mg IV, followed by 2000 mg IV monthly for 4 months.

Crossover to the alternative treatment arm upon IRC-confirmed disease progression was permitted.

Efficacy Evaluation
Primary and Secondary Endpoints
The primary endpoint was PFS, defined as the time from randomization to the first documentation of progressive
disease, as determined by independent review, or death due to any cause.
The key secondary endpoints were:
• Overall response rate, with overall response (based on independent review) defined as best response
of complete response (CR), complete response with incomplete marrow recovery (CRi), partial
response (PR), or partial response with lymphocytosis (PRwL) according to IWCLL or revised IWG
Response criteria.
• Overall survival, defined as time from randomization to death.
Efficacy Analyses
The sample size determination was based on the primary endpoint of PFS only. Therefore, the sample size
calculation did not take into account the endpoint of OS, despite being included as a key secondary endpoint.
A total of 185 PFS events were determined to provide approximately 93% power to detect a hazard ratio of 0.6
using a one-sided log-rank test at a 2.5% overall significance level, with one interim analysis planned at 50%
information time for both efficacy and futility. If the study was not stopped at the interim analysis, the final
analysis would be performed when approximately 185 PFS events had occurred. The study design employed the
Lan-DeMets spending function for O’Brien-Fleming boundary as the alpha spending function and the Hwang-ShihDeCani gamma (-4) spending function as the beta spending function. The futility boundary of this study was nonbinding.
Two interim analyses and one final analysis were planned for OS without prespecification of available OS
information. The first OS interim analysis was to be performed at the time of the planned PFS interim analysis after
93 PFS events had occurred. The second interim analysis of OS was to be performed at the planned PFS final
analysis after 185 PFS events had occurred. The final analysis of OS was to take place after the completion of
follow-up for all patients, which was defined as up to 6 years after randomization or until death.
Overall response rate was included as key secondary efficacy endpoint and tested at an overall one-sided alpha
level of 0.025 based on gatekeeping approach. Overall response rate would be tested only if PFS was declared
statistically significant.

Safety Evaluation
The safety evaluation included an assessment of the safety profile in the 158 patients treated with duvelisib and
155 patients treated with ofatumumab on the DUO trial. The percentage of patients with serious adverse events,
treatment-emergent adverse events (TEAE) leading to discontinuation, dose reduction and dose interruption,
adverse events of special interest (AESI) were summarized. As laboratory-based adverse events are usually underreported in the adverse event dataset compared to the lab dataset, the FDA’s rates of laboratory abnormalities

Figure 2: Kaplan-Meier Curves for PFS per IRC (ITT Population)

Data cutoff 5/19/2017
Source: FDA analysis
Since the primary efficacy analysis of PFS per IRC assessment (data cutoff 5/19/2017) demonstrated a statistically
significant PFS advantage, all subsequent PFS analyses were considered exploratory. As shown in Table 8, with a
median follow-up of 52 months, PFS per investigator demonstrated similar findings to the initial evaluation. As
noted with the initial PFS evaluation, a higher proportion of patients on the duvelisib arm (19%) died before
progression compared to the ofatumumab arm (8%). This reiterates the continued concern for an increased risk of
death due to toxicity with duvelisib.

Figure 3: Kaplan-Meier Curves for Overall Survival (ITT Population)

Data cutoff 5/19/2017
Source: FDA analysis

Figure 4: Kaplan-Meier Curves for Overall Survival (Patients With ≥2 Prior Therapies)

Data cutoff 5/19/2017
Source: FDA analysis
The data for the 5-year analysis of overall survival was submitted in June 2021. The 5-year OS results, with an
estimated median follow-up time of 63 months in both arms, in both the ITT population and the indicated
population are summarized in Table 11. The OS hazard ratio was 1.09 (95% CI: 0.79, 1.51) in the ITT population and
1.06 (95% CI: 0.71, 1.58) in the indicated population. Kaplan-Meier curves of OS for the ITT population and the
indicated population are shown in Figures 5 and 6, respectively.

Figure 5: 5-Year OS Analysis Kaplan-Meier Curves for OS (ITT Population)

Data cutoff 1/22/2021
Source: FDA analysis

Data cutoff: 1/22/2021
Source: FDA’s analysis
Statis tical Co n s id eratio ns in O S A n alysis
The FDA would like to highlight the following additional considerations related to the statistical methods used to
evaluate survival in a randomized clinical trial.
•

The OS hazard ratio is the conventional approach to capturing the survival profile in a randomized trial and
was the pre-specified method for analysis of overall survival in the DUO trial. Analysis results from other
approaches, such as the restricted mean survival time (RMST) approach, are heavily dependent on the
time interval used for calculation and a small time interval shift could cause changes in the results that
might alter the conclusion. In the DUO trial, RMST analysis is a post-hoc analysis without alpha adjustment
and one should be cautious in the interpretation of analysis results from RMST analysis. These evaluations
of overall survival via RMST are considered hypothesis-generating, rather than inferential. See Appendix 6
for OS by RMST.

•

Subgroup analyses, which are not pre-specified at the initiation of the study and are not supported by an
adequate sample size, should not be considered as evidence to support a treatment effect. The subgroup
analysis in a population of refractory patients that was conducted by the Sponsor is a post-hoc,
exploratory, hypothesis-generating analysis subject to “random high” bias and the probability of Type I
error is increased when multiple analyses are conducted. The analysis of overall survival in this limited
population does not provide evidence supporting a conclusion for a treatment effect. Refer to Appendix 8
for additional considerations related to subgroup analyses.

In general, overall survival is considered the paramount endpoint in randomized trials in patients with cancer,
given that the evaluation of overall survival informs efficacy, as well as safety. Due to the toxicity concerns
identified and the immaturity of OS data at the time of the primary analysis of the DUO trial, the importance of an
evaluation of overall survival with adequate follow up is further highlighted. We consider the 5-year overall
survival data from the DUO trial in the ITT population and indicated population as evidence that there is a
potential for harm to patients with duvelisib.

O th er Regu latory A gen cies
Of note, the regulatory actions of other agencies, such as the European Medicines Agency, are not relevant to the
discussion at the ODAC and FDA regulatory decisions. The FDA must make regulatory decisions that are consistent
with the U.S. legal and regulatory framework. That framework requires us to consider whether the updated
survival and safety information from the DUO trial and the PI3K inhibitor class provides evidence of clinical benefit
with duvelisib in accordance with its U.S.-approved indication. The information discussed at the ODAC should be
viewed independently to inform decisions regarding benefits and risks of duvelisib for the indicated U.S. patient
population.

Substantial Toxicity and Poor Tolerability
Treatment with duvelisib demonstrated substantial toxicity. The duvelisib arm had higher rates of grade 3 or
greater adverse events, serious adverse events, and treatment modifications due to adverse events, as shown in
Figure 8 below.

below. The E - R analyses for safety also showed significant positive relationships between the probability of Grade
3 or higher pneumonia and transaminase increase, as shown in Figure 15 in Appendix 5.
Figure 10: Exposure-Response Relationships for Grade 3 or Higher Infection

Source: NDA 211155 Multidisciplinary Review at Drugs@FDA
In Studies IPI-145-06 and IPI-145-07, at the 25 mg BID dose, 84% of patients experienced Grade 3-4 TEAEs. The
most common TEAEs were diarrhea or colitis (50%), neutropenia (34%), rash (31%), fatigue (28%), pyrexia (26%),
cough (25%), nausea (23%), pneumonia (21%), upper respiratory infection (21%), and anemia (20%). Dose
modifications (dose interruptions, reductions, and discontinuations due to AE) occurred early, and increased over
time in the FL and CLL/SLL populations enrolled in Studies IPI-145-06 and IPI-145-07 and are shown in Figure 11
below.

Figure 11: Dose Interruptions, Reductions and Modifications for Duvelisib by Cycle in Studies IPI-145-006 and IPI145-007

Source: Reproduced from Duvelisib Multidisciplinary Review at Drugs@FDA

Source: Based on NDA 211155, Submission 0265
As shown in Figure 8 and Table 17, approximately 30% of patients experienced a dose reduction due to AE in study
IPI-145-07 and approximately 71% of patients had to interrupt their dosing dose to AEs. The most common TEAEs
leading to dose reduction of duvelisib in DUO Trial were diarrhea or colitis (8%), transaminase elevation,
neutropenia, and rash (4% each).
Given the limited data at doses lower than 25 mg BID, the flat exposure-response for efficacy, the increased safety
events with higher exposures, and the rates of dose modifications due to AEs, a lower dose of duvelisib may be
efficacious and more tolerable.

PI3K Inhibitor Class Concerns
On April 21, 2022, the Oncologic Drugs Advisory Committee convened to discuss the PI3K inhibitor drug class and
the data requirements for future approvals of PI3K inhibitors in patients with hematologic malignancies. The issues
discussed included concerning trends in overall survival in multiple randomized trials, toxicity of the PI3K inhibitor
class, inadequate dose optimization, and trial design considerations regarding the limitations of single-arm trials.
The PI3K inhibitors discussed and the trials supporting the initial approvals of PI3K inhibitors in hematologic
malignancies and the post-approval developments are summarized in the table below.

•

Given the observed toxicities with the PI3K inhibitor class, previous randomized trials with a potential
detriment in OS, and a narrow range between effective and toxic doses, should future approvals of PI3K
inhibitors be supported by randomized data?

The ODAC voted in favor (16 – yes, 0 – no, 1 – abstain) of requiring randomized data to support future approvals of
PI3K inhibitors in patients with hematologic malignancies.
The committee members all agreed that the information presented, including the OS data across multiple
randomized controlled trials and the toxicity profile seen across the drug class, was concerning. The discussion
regarding endpoints and trial design for PI3K inhibitors included consensus that the use of PFS as the primary
efficacy metric should be evaluated in the context of OS and that OS is the paramount endpoint in informing
benefit-risk for a drug class with substantial toxicities. The committee members reiterated how crucial the benefitrisk assessment is and discussed the necessity of adequate data to ensure the safety and efficacy of a drug and to
rule out potential for harm.
The discussion held at the class-wide PI3K inhibitor ODAC highlighted the importance of the OS endpoint and
raised the need for inclusion of OS data with adequate follow up in the overall benefit-risk assessment of this class
of drugs. In line with the discussions from the class-wide ODAC, we consider the new information available from
the 5-year OS analysis of the DUO trial to be important data that must be incorporated into the benefit-risk
assessment of duvelisib.

Current Benefit-Risk
The FDA considers the results of the 5-year OS analysis to significantly impact the assessment of the benefit-risk
profile of duvelisib in patients with CLL or SLL. The initial approval of duvelisib was based on a PFS advantage
demonstrated in the duvelisib arm in both the ITT population and the indicated population, those who had
received at least 2 prior lines of therapy. At the time of initial approval, overall survival data were immature with a
hazard ratio of 0.99 (95% CI: 0.65, 1.50) and in light of the significant toxicities seen on the duvelisib arm, a
postmarketing requirement was issued to submit OS results with 5 years of follow up. The 5-year OS results, with a
hazard ratio of 1.09 in the ITT population and 1.06 in the indicated population, in the setting of a primary PFS and
ORR advantage, indicate a primary safety concern with treatment with duvelisib.
While a comprehensive benefit-risk assessment is performed during the initial review of a drug, the FDA considers
new information that becomes available in the post-marketing setting to be important in guiding the continuous
reassessment of benefit-risk. In the case of duvelisib in patients with R/R CLL or SLL, the initial approval was based
on a PFS endpoint and we consider that with the availability of new information on OS, an endpoint that is a direct
measure of clinical benefit, reassessment of the benefit-risk of duvelisib for this indication is warranted.
The 5-year OS data, taken together with the toxicity profile, which is consistent with the toxicity profile seen across
the PI3K inhibitor drug class, tolerability concerns, and uncertainty regarding the selected dose of duvelisib,
suggest that the current-benefit risk profile of duvelisib is unfavorable and indicate the potential for harm to
patients.

Additional Issues
Some additional issues raised during the FDA review of the DUO trial and 5-year OS data include the following:
•

Population: The DUO trial excluded patients who had previously received a PI3K inhibitor or a BTK inhibitor
and did not include any patients who received the Bcl-2 inhibitor, venetoclax. At the time that the study

was designed and initiated, the rationale for excluding patients who had received a BTK inhibitor was
based on common mechanisms of the agents, with both BTK inhibitors and PI3K inhibitors targeting the Bcell receptor signaling pathway.
We note that since initiation of the DUO trial, the field of CLL/SLL treatment has evolved significantly, with
the approval of multiple BTK inhibitors and venetoclax, in the front-line setting and beyond. 2 Given that
current patients with relapsed or refractory CLL or SLL are likely to have been exposed to one or more BTK
inhibitors and to venetoclax, there is uncertainty about the applicability of efficacy results from the DUO
trial to the current U.S. patient population.
•

Treatment: Fixed vs. Continuous Therapy: We note that the DUO trial was designed to evaluate a fixed
duration treatment (ofatumumab) compared to continuous therapy (duvelisib). While a continuous
regimen may result in cumulative toxicity compared to a fixed-dose regimen, we consider this evaluation
in the context of a randomized trial to allow a comparative assessment of efficacy and safety of the
treatments as they are intended to be administered and adequately qualifies the risk with the respective
treatments. Further, duvelisib is associated with late-onset infections and immune-mediated toxicities,
reinforcing the risk of continuous administration and the need to assess safety throughout treatment.

•

Death before progression: At the time of the primary analysis, 21 patients (13.1%) on the duvelisib arm
died before progression, compared to 12 patients (7.5%) on the ofatumumab arm. At the time of the 5year OS analysis, the difference between arms became more pronounced, with 31 patients (19.4%) on the
duvelisib arm who died before progression and 12 patients (7.5%) on the ofatumumab arm who died
before progression. The higher rates of death before progression on the duvelisib arm and the increase in
deaths before progression on the duvelisib arm relative to the ofatumumab arm with additional follow up
support the OS and toxicity/tolerability data suggesting a primary safety concern with duvelisib. Notably,
in patients with CLL and SLL, progression isn’t necessarily an indication for treatment, which is an
important consideration given the rate of death prior to progression with duvelisib.

•

Control Arm: The selected control arm of ofatumumab may not be generalizable or applicable to a U.S.
patient population given the current treatment landscape, in which targeted therapies with demonstrated
survival advantages, have replaced the use of chemoimmunotherapy or immunotherapy alone. Even at the
time of trial conduct, only 16% of patients were enrolled in the U.S.

Conclusions
The results from the DUO trial demonstrate a potential detriment in overall survival and potential harm to patients
treated with duvelisib. Due to the toxicity concerns with duvelisib at the time of initial approval, FDA issued a
postmarketing requirement per Section 505(o)(3) of the Federal Food, Drug, and Cosmetic Act to submit OS results
with 5 years of follow up from the DUO trial based on concerns of fatal and serious toxicity with duvelisib.
With a median OS follow up of 63 months in both arms at the time of the 5-year OS analysis, in the ITT population,
there were 80 deaths (50%) in the duvelisib arm and 70 deaths (44%) in the ofatumumab arm with an estimated
HR of 1.09 (95% CI 0.79, 1.51). At the time of the 5-year OS analysis, in the indicated population, those who had
received ≥2 prior lines of therapy, there were 53 deaths (55.8%) in the duvelisib arm and 49 deaths (48.5%) in the
ofatumumab arm with an estimated HR of 1.06 (95% CI 0.71, 1.58). In the setting of a benefit in PFS and ORR, the
potential detriment in OS indicates a safety concern. There is a higher rate of death due to adverse events in the

duvelisib arm (15%) compared with the ofatumumab arm (3%). The major difference in deaths due to adverse
events is fatal infections, 9% in the duvelisib arm and <1% in the ofatumumab arm.
The DUO trial allowed crossover upon confirmed disease progression, which can impact the assessment of overall
survival. Nevertheless, of the 90 patients that crossed over from ofatumumab to receive subsequent duvelisib,
10% of patients experienced fatal adverse events, primarily due to infection. Because of the risk of fatal toxicity
with duvelisib, the allowance of crossover may mask a difference between the treatment arms which may have
favored the control arm. Therefore, it is noteworthy that despite the allowance of crossover, a signal for potential
harm to patients treated with duvelisib is observed and reinforced by the safety findings.
Safety analysis of the DUO trial showed high rates of toxicity and treatment modifications on the duvelisib arm.
Treatment with duvelisib was associated with higher rates of grade 3 or greater toxicity, serious adverse events,
and treatment modifications due to adverse events. The difference in toxicity between the arms was primarily
driven by infection and immune-mediated toxicities of diarrhea-colitis, hepatotoxicity, rash, and pneumonitis.
There were higher rates of treatment discontinuation and dose interruptions due to AEs on the duvelisib arm
compared to the ofatumumab arm.
There is uncertainty regarding the appropriateness of the 25mg BID dose of duvelisib. The high rates of treatment
modification suggest tolerability concerns. There was limited dose finding with a limited number of patients in the
dose escalation study, which limits the ability to explore exposure-response relationships for efficacy. Exposureresponse analysis for safety suggests a higher rate of certain Grade ≥3 PI3K-associated toxicities over a range of
doses evaluated. Ultimately, further dose exploration may be needed to identify a duvelisib dose that is efficacious
and has a more tolerable safety profile.
Overall survival is considered an important metric of both safety and efficacy and thus, serves as an objective
measure of clinical benefit. Taken together, the data from the 5-year OS analysis from the DUO trial, along with
the toxicity, tolerability, and dosing concerns outlined above suggest that the current benefit-risk of duvelisib in
patients with relapsed or refractory CLL or SLL is not favorable.

Topics for Discussion
Discuss whether the available data
•
•

Demonstrates that duvelisib is safe in patients with relapsed or refractory CLL/SLL
Impacts the current assessment of benefit-risk in the remaining duvelisib indication for patients with
relapsed or refractory CLL/SLL.
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Appendix 2: DUO Trial Eligibility Criteria
Inclusion Criteria: Subjects were required to meet all of the following criteria:
1. ≥ 18 years of age
2. Diagnosis of active CLL or SLL that meets at least one of the IWCLL 2008 criteria for requiring
treatment (Binet Stage ≥ B and/or Rai Stage ≥ I)
3. Disease that has progressed during or relapsed after at least one previous CLL/SLL
therapy
4. Not appropriate for treatment with a purine-based analogue regimen (per NCCN or
European Society for Medical Oncology [ESMO] guidelines), including relapse ≤ 36 months
from a purine-based chemoimmunotherapy regimen or relapse ≤ 24 months from a
purine-based monotherapy regimen
5. A cytogenetics or FISH analysis of the leukemic cells within 24 months of randomization is
required to document the presence or absence of del(17p). Note: if a sample from within 24
months is not available, it should be evaluated as part of the screening laboratory
evaluation to inform stratification
6. Measurable disease with a lymph node or tumor mass > 1.5 cm in at least one
dimension as assessed by computed tomography (CT)
7. Eastern Cooperative Oncology Group (ECOG) performance status of 0 to 2
(corresponds to Karnofsky Performance Status [KPS] ≥ 60%)
8. Willingness by subject to be randomized to receive either ofatumumab or duvelisib at the
dose and schedule defined in the protocol
9. Must meet the following laboratory parameters:

− Serum aspartate transaminase (AST/SGOT) or alanine transaminase
(ALT/SGPT) ≤ 3 x upper limit of normal (ULN)

− Total bilirubin ≤ 1.5 x ULN
− Serum creatinine ≤ 2.0 x ULN
− Hemoglobin ≥ 8.0 g/dL with or without transfusion support
− Platelet count ≥ 10,000 µL with or without transfusion support
10. For women of childbearing potential (WCBP): negative serum β-human chorionic
gonadotropin (βhCG) pregnancy test within 1 week before randomization (WCBP defined
as a sexually mature woman who has not undergone surgical sterilization or who has not
been naturally post-menopausal for at least 24 consecutive months [women ≤ 55 years]
or 12 consecutive months [women > 55 years])
11. Willingness of male and female subjects who are not surgically sterile or postmenopausal
to use medically acceptable methods of birth control from the first dose of study drug to
30 days after the last dose of duvelisib and for 12 months after last dose of ofatumumab.
Sexually active men, and women using oral contraceptive pills, should also use barrier
contraception
12. Ability to voluntarily sign consent for and adhere to the entire study visit schedule and all
protocol requirements

13. Signed and dated institutional review board (IRB)/independent ethics committee (IEC)approved informed consent form (ICF) before any study specific screening procedures
are performed
Exclusion Criteria: Subjects were excluded from the study if they met any of the following criteria:
1. History of Richter's transformation or prolymphocytic leukemia
2. Autoimmune hemolytic anemia (AIHA) or idiopathic thrombocytopenic purpura (ITP) that is
uncontrolled or requiring > 20 mg once daily (QD) of prednisone (or equivalent) to maintain
hemoglobin > 8.0 g/dL or platelets > 10,000 µL without transfusion support
3. Refractory to ofatumumab (defined as progression or relapse < 12 months of receiving
ofatumumab monotherapy or < 24 months of receiving an ofatumumab-containing regimen)
4. Prior allogeneic transplant (prior autologous stem cell transplant > 6 months prior to study
entry is permitted)
5. Known central nervous system (CNS) lymphoma or leukemia; subjects with
symptoms of CNS disease must have a negative CT scan or negative diagnostic lumbar
puncture prior to randomization
6. Prior exposure to a PI3K inhibitor (e.g., GS-1101, duvelisib) or a Bruton’s tyrosine kinase
(BTK) inhibitor
7. Use of any of the following medications or procedures within the specified timeframe:
 Use of live or live attenuated vaccines within 30 days prior to randomization
 Chemotherapy, radiation therapy, or ablative therapy within 3 weeks of
randomization
 Tyrosine kinase inhibitor within 7 days of randomization
 Other investigational therapy (not included above) within 3 weeks of
randomization
8. Ongoing treatment with chronic immunosuppressants (e.g., cyclosporine) or systemic
steroids > 20 mg prednisone (or equivalent) QD.
9. History of tuberculosis treatment within the preceding two years
10. Ongoing systemic bacterial, fungal, or viral infections at the time of initiation of study
treatment (defined as requiring intravenous [IV] antimicrobial, antifungal or antiviral agents)
a. Subjects on antimicrobial, antifungal or antiviral prophylaxis are not specifically
excluded if all other inclusion/exclusion criteria are met and there is no evidence of
active infection at randomization
11. Human immunodeficiency virus (HIV) infection
12. Prior, current or chronic hepatitis B or hepatitis C infection
13. History of alcohol abuse or chronic liver disease (other than metastatic disease to the liver)
14. Unable to receive prophylactic treatment for pneumocystis or herpes simplex virus (HSV)
15. Baseline QTcF > 480 ms (average of triplicate readings) Note: This criterion does not apply to
subjects with a right or left bundle branch block (BBB)

16. Unstable or severe uncontrolled medical condition (e.g., unstable cardiac function,
unstable pulmonary condition), or any important medical illness or abnormal laboratory
finding that would, in the investigator’s judgment, increase the subject’s risk while
participating in this study
17. Concurrent active malignancy other than nonmelanoma skin cancer or carcinoma in situ of
the cervix, bladder, or prostate not requiring treatment. Subjects with previous
malignancies are eligible provided that they have been disease free for ≥ 2 years
18. History of stroke, unstable angina, myocardial infarction, or ventricular arrhythmia
requiring medication or mechanical control within the last 6 months
19. Administration of medications or foods that are strong inhibitors or inducers of
CYP3A within 2 weeks of randomization
20. Prior surgery or gastrointestinal dysfunction that may affect drug absorption (e.g.,
gastric bypass surgery, gastrectomy)
21. Major surgery or invasive intervention within 4 weeks prior to randomization
22. Pregnant or breastfeeding women
23. Hypersensitivity to ofatumumab or its excipients

Appendix 3: Duvelisib Treatment Duration Guidelines per Protocol
Treatment discontinuation due to benefit after < 18 complete cycles of duvelisib therapy:
Prior to completion of 18 cycles of duvelisib therapy, discontinuation of duvelisib may be considered,
after discussion with the medical monitor, should a CLL subject demonstrate a CR/CRi per IWCLL
2008 criteria or an SLL subject demonstrate a CR per IWG 2007 criteria. The timing of duvelisib
treatment discontinuation relative to the duration of a CR should be considered as follows:

•

< 12 months of duvelisib therapy: duration of CR/CRi > 6 months before
discontinuation

•

≥ 12 months of duvelisib therapy: duration of CR/CRi > 3 months before
discontinuation

Disease response assessments by CT scan will continue every 6 cycles until disease progression.
Treatment discontinuation after 18 or more complete cycles of duvelisib therapy:
After completion of 18 cycles (beginning on Day 1 Cycle 19) of duvelisib therapy,
discontinuation of duvelisib may be considered if a subject demonstrates the following
responses (per modified IWCLL criteria/IWG criteria or as otherwise indicated of > 3 months
duration:

•

CR or CRi

•

Partial response (that includes all target lesions ≤ 1.5 cm in diameter) but with a
peripheral blood absolute lymphocyte count (ALC) ≥ 4,000/µL (Rai Stage 0)

•

Persistent lymphadenopathy > 50% of baseline (with at least 1 target lesion ≥ 1.5 cm in
diameter) and persistent lymphocytosis ≥ 4,000/µL (and > 50% of baseline)

Disease response assessments by CT scan will continue every 6 cycles until disease progression.
Treatment continuation after 18 or more complete cycles of duvelisib therapy:
Duvelisib therapy may continue if there is potential benefit to the subject based on the following
disease response assessments (per IWCLL criteria /IWG criteria or as otherwise indicated at the
end of 18 cycles (Day 1 Cycle 19) of duvelisib therapy:

•

CR or CRi < 3 months duration

•

PR with or without lymphocytosis

•

SD

Disease response assessments by CT scan will continue every 6 cycles while the subject remains
on duvelisib treatment.

Figure 16: Exposure-Response Relationships for Grade ≥3 Transaminase Increase and Pneumonia

Source: NDA 211155 Multidisciplinary Review at Drugs@FDA
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Appendix 7: DUO Trial Crossover Analysis – Impact on Overall Survival
A substantial amount of crossover occurred in the DUO trial with 90 patients (57%) crossing over from
ofatumumab to duvelisib and 9 patients (6%) crossing over from duvelisib to ofatumumab upon disease
progression. To assess the impact of crossover on OS between the two arms, casual inference modelbased approaches were conducted. The model based approaches included a marginal structural model
(MSM) with inverse probability treatment weights (IPTW) and rank preserving failure time model
(RPFTM).
Model Based Causal Inference Approach
1. Marginal structural model (MSM) with inverse probability treatment weights (IPTW)8
The marginal structural model with inverse probability treatment weights was used to account
for the effects due to the intercurrent event. The key step in the MSM-IPTW analysis was
calculation of the weight for each patient. For patient i, the stabilized weight based on the
inverse probability at a particular time point tij can be estimated as
𝑘𝑘=𝑗𝑗

𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖 (𝑡𝑡𝑖𝑖𝑖𝑖 ) = �
𝑘𝑘=0

̅
= 𝑎𝑎� 𝑖𝑖𝑖𝑖−1 ,𝑉𝑉�𝑖𝑖 = 𝑣𝑣̅𝑖𝑖 )
𝑃𝑃(𝐴𝐴𝑖𝑖𝑖𝑖 = 𝑎𝑎 𝑖𝑖𝑖𝑖 |𝐴𝐴𝑖𝑖𝑖𝑖−1
,
𝑃𝑃(𝐴𝐴𝑖𝑖𝑖𝑖 = 𝑎𝑎 𝑖𝑖𝑖𝑖|𝐴𝐴̅𝑖𝑖𝑖𝑖−1 = 𝑎𝑎� 𝑖𝑖𝑖𝑖−1 ,𝐵𝐵�𝑖𝑖𝑖𝑖 = 𝑏𝑏�𝑖𝑖𝑖𝑖 ,𝑉𝑉�𝑖𝑖 = 𝑣𝑣̅𝑖𝑖 )

where A is the treatment for patient i at time tij (time points ranging from k = 0 to k = j). The
numerator is the probability of the observed treatment at each time point conditioned on the
observed treatment history of the previous time points and V denotes other fixed covariates.
The denominator is the probability of the observed treatment at each time point conditioned
on the observed treatment history of the previous time point, the observed time-varying
covariate history at the current time point (Bik), and the fixed covariate Vi. This method will only
provide unbiased estimates if the created pseudo-population has the same prognosis as the
original population, and this is an untestable assumption (no unmeasured confounders
assumption), since it requires the set of factors determining crossover to be known and
measured at appropriate time points in the trial.
The analysis result using MSM-IPTW method demonstrated that the adjusted HR was 1.064
(95% CI: 0.716, 1.591).

2. Rank Preserving Failure Time Model (RPFTM)

In general, a RPFTM analysis serves as a sensitivity analysis to assess the impact of such
imbalanced crossover patterns on OS between the two arms. The RPFTM model implies that the
order of treatments does not impact treatment effect known as “common treatment effect”
assumption. In the Sponsor’s analysis, it was assumed that duvelisib acts by multiplying survival
time by a given factor once a patient starts treatment. Importantly, this is not a testable
assumption and, in this case, the application of RPFTM may need further theoretical
justification. In addition, the assumption of a common treatment effect for the RPFTM model is
challenging to justify.
The figure below shows the Kaplan-Meier curves for overall survival based on the ITT analysis
(left) and adjusted by RPFTM (right). In the ITT analysis, the HR was 1.09 (95% CI: 0.79, 1.51),
while the adjusted HR via RPFTM was 1.22 (95% CI: 0.88, 1.67).
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Appendix 8: Statistical Issues with Exploratory Analyses, Subgroup Analyses and
Multiplicity
The Sponsor’s Position
The Sponsor analyzed the subgroup of refractory patients in the DUO trial (N = 98). Refractory patients
were defined in the protocol as progressing <12 months after purine analog-based therapy and was
included as a stratification factor. At the final OS analysis in the refractory subgroup, the HR was 0.77
(95% CI: 0.43, 1.38) in favor of duvelisib. The Sponsor indicated that there was a benefit in OS in heavily
pre-treated or refractory patients treated with duvelisib compared with ofatumumab.
The FDA’s Position
The refractory subgroup was not prospectively included in the statistical analysis plan with control for
type I error rate. The estimate of the treatment difference in OS for the refractory subgroup (HR=0.77,
95% CI=0.43, 1.38) has lower precision (wide confidence interval) because of a smaller sample size. The
OS results for the refractory subgroup is considered as exploratory, unless the precision of the subgroup
estimate has been considered properly in planning the sample size or the variability of the treatment
effect is sufficiently small in the subgroup. While subgroup analyses have an important role in clinical
trials, a substantial risk for biased conclusions may be produced by conducting exploratory analyses with
an intention to establish a population with a favorable treatment effect and benefit-risk profile.
In exploratory analyses, particularly when conducting in search of favorable evidence, the effect sizes of
outcomes with favorable estimates are likely overestimated because of random high bias that can later
experience “regression to the mean” (Fleming 2010). An “exploratory” subgroup analysis might be used
to assess internal consistency of study results, such as investigating whether the results in the ITT
population are applicable to all patients. The evaluation of subgroup analysis is considered as hypothesis
generating, rather than inferential. Therefore, the subgroup analysis of the refractory population in the
DUO trial needs to be interpreted with caution.
Finally, FDA guidance and ICH E9 published in 1998 includes the following statements on exploratory
subgroup analyses and pre-specifying analyses:
•

•

Any conclusion of treatment efficacy (or lack thereof) or safety based solely on exploratory
subgroup analyses is unlikely to be accepted.
Only results from analyses envisaged in the protocol (including amendments) can be regarded as
confirmatory.
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