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Abstract

Background—A new generation of biologic and targeted agents may potentially replace
traditional cytotoxic agents in lymphoma. Lenalidomide plus rituximab was felt to be a safe and
promising backbone based on available data. Idelalisib is an oral PI3KS& inhibitor approved for
relapsed/refractory indolent lymphomas. The primary objective of these two trials was to
determine the maximum tolerated dose of lenalidomide in combination with rituximab and
idelalisib in relapsed follicular and mantle cell lymphoma.

Methods—A051201 (mantle cell lymphoma) and A051202 (follicular lymphoma) are phase |
trials with a safety endpoint. Patients with histologically documented relapsed mantle cell
lymphoma who had not received prior lenalidomide or idelalisib (A051201) started with oral
lenalidomide 15 mg D1-21 g28d, oral idelalisib 150 mg BID with continuous 28-day cycles, and
intravenous rituximab 375 mg/m2 weekly during cycle 1. Patients with histologically documented
relapsed follicular lymphoma sensitive to prior rituximab (A051202) started with oral
lenalidomide 10 mg D1-21 g28d and oral idelalisib 150 mg BID with continuous 28-day cycles,
and intravenous rituximab 375 mg/m2 on C1D8, C1D15, C1D22 and C2D1.

Findings—All analyses are intent-to-treat. Eleven patients (3 mantle cell lymphoma, 8 follicular
lymphoma) enrolled. Among the first 8 patients, four experienced unexpected dose-limiting
toxicities: grade 4 sepsis syndrome, grade 4 hypotension with grade 3 rash and fevers, grade 4
transaminase elevation with fevers, and grade 3 pulmonary infection with grade 3 maculopapular
rash. Symptom onset was 9-20 days after treatment initiation, coinciding with rituximab infusions.
Both studies were amended to remove rituximab, but two of three additional patients had grade 3
rashes and one had grade 3 AST elevation. Both trials were permanently closed. The most
common grade 3—4 adverse events were ALT elevation (2/3), and rash (2/3) for mantle cell
patients and neutropenia (5/8) and rash (4/8) for follicular lymphoma patients. The primary
endpoint of safety and tolerability was not met.

Interpretation—The combination of idelalisib, lenalidomide and rituximab in these trials is
excessively toxic, and these trials serve as cautionary notes as new combinations are proposed.
Off-target effects, drug-drug interactions, and emerging toxicities should be carefully evaluated
when investigating biologic agents in combination and should never be done outside of a clinical
trial setting.
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INTRODUCTION

Follicular lymphoma and mantle cell lymphoma are incurable mature B-cell malignancies,
affecting approximately 30,000 new patients annually. Both are historically managed with
sequential cytotoxic combination regimens. The discovery of key survival pathways has
prompted a new generation of oral targeted drugs with encouraging single agent activity. A
rational strategy to systematically evaluate combinations of new agents for safety and
efficacy to move away from chemotherapy has been a focus of the Cancer and Leukemia
Group B (CALGB) and Alliance for Clinical Trials in Oncology (Alliance) lymphoma
committee.

Lenalidomide, which has pleiotropic effects on malignant and microenvironmental cells, is
active in both follicular lymphoma and mantle cell lymphoma.(1-3) The overall response
rate with single agent lenalidomide is 20-50% in relapsed/refractory follicular lymphoma(2,
3) and 35% in relapsed/refractory mantle cell lymphoma(1) with median remission durations
of approximately 16 months. When combined with rituximab, there is a suggestion of
additive and possibly synergistic clinical activity; for example, in relapsed/refractory
follicular lymphoma, lenalidomide plus rituximab (R-len) had significantly higher overall
response rates (ORR) and complete response (CR) rates (75% ORR, 32% CR) versus
lenalidomide alone (23% ORR, 7% CR).(4) In frontline follicular lymphoma, R-len
achieved response in over 90% of patients with more than two-thirds achieving a complete
remission.(5, 6) Similarly, R-len is highly active in recurrent mantle cell lymphoma,(7) and
there are now impressive front-line data with the combination as well showing an overall
response rate of 92%, complete remission rate of 64% and a 2-year overall survival of 97%.
(8) R-lenalidomide is now being prospectively tested against chemoimmunotherapy
(NCT01476787).

Idelalisib is an oral and specific inhibitor of the delta isoform of PI3K
(phosphatidylinositol-4,5-bisphosphate 3-kinase). PI3K is both downstream of B-cell
receptor signaling and upstream of other survival pathways, including Akt/mTOR. As
monotherapy, idelalisib has activity in relapsed and highly refractory indolent lymphomas,
with response rates over 50%, leading to Federal Drug Administration approval.(9) Common
toxicities include fatigue, diarrhea, rash and pneumonia; grade 3 or higher toxicities are
transaminase elevation and neutropenia in up to one-quarter of patients appears dose-
independent.(9, 10) The majority of toxicities, including transaminase elevation, are usually
reversible and may not recur with re-exposure. However, though less common, there are also
observations of a delayed severe colitis that typically requires treatment cessation.(11) When
combined with rituximab, idelalisib shows activity in relapsed/refractory chronic
lymphocytic leukemia without unusual safety signals compared to rituximab alone.(12)

While single agent activity is an important advance, none of the new agents are curative and
combination strategies testing safety and efficacy are needed. The CALGB/Alliance have
conducted several trials with biologic doublets for both treatment-naive and relapsed
lymphomas(4, 13-15), with the overall goal of developing targeted regimens to replace
cytotoxic therapy. Both A051201 (mantle cell lymphoma) and A051202 (follicular
lymphoma) were designed to capitalize on clinical synergy of lenalidomide and rituximab
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observed in prior trials by adding the highly specific PI3KS& inhibitor, idelalisib, in patients
with relapsed mantle cell and follicular lymphoma.

PATIENTS AND METHODS

Eligibility Criteria
Eligibility criteria for A051201 included histologically documented mantle cell lymphoma
(CD5+CD23-CD20+Cyclin D1+) from an initial or relapsed tissue specimen, at least one
prior therapeutic regimen, no prior lenalidomide or idelalisib, Eastern Cooperative Oncology
Group (ECOG) performance status 0-2, age > 18, measurable disease = 1 cm, and adequate
organ function reflected by ANC = 1000, platelets = 75,000/mL, creatinine <1.5 x ULN,
creatinine clearance = 60 mL/min and total bilirubin <2 x ULN in the absence of Gilbert’s
disease. Exclusion criteria included prior allogeneic stem cell transplant, central nervous
system involvement, deep venous thrombosis or pulmonary embolism within three months
of study entry, and hepatitis B or C infection. Eligibility criteria for A051202 were similar
with the following differences: histologically documented follicular lymphoma grade 1-3a
(documented CD20+), time to progression = 6 months from last rituximab-containing
regimen, and no radioimmunotherapy within 12 months of study entry.

Study Design and Objectives

The primary endpoints of the multicenter studies A051201 (mantle cell lymphoma) and
A051202 (follicular lymphoma) were safety and tolerability combining idelalisib with
lenalidomide and rituximab in patients with relapsed mantle cell lymphoma and relapsed
follicular lymphoma, respectively, If the maximum tolerated doses (MTD) were established,
a randomized phase 1l component was planned for A051201 evaluating lenalidomide plus
rituximab with or without idelalisib (Figure 1). A051202 included an expansion cohort for
an additional 10 patients to be treated at the MTD. Secondary endpoints included overall and
complete response rates, progression-free survival (PFS) and overall survival (OS).
Institutional review boards approved the protocol at each participating site, and written
informed consent was obtained from all participating patients. The studies were registered at
ClinicalTrials.gov (NCT01838434 and NCT01644799).

Treatment Plan

The therapeutic regimens are summarized in Figure 1. A051201 started at Dose Level 0
consisting of oral lenalidomide15 mg daily on Days 1-21, oral idelalisib 150 mg twice daily
on days 1-28, and intravenous rituximab 375 mg/m2 weekly during Cycle 1, and then on
Day 1 of each subsequent 28 day cycle. Patients completing 12 cycles were to be
randomized to maintenance R-len or R-len plus idelalisib until progression, intolerance, or
patient/physician discretion.

A051202 started at Dose Level 0 consisting of oral lenalidomide 10 mg daily on Days 1-21,
oral idelalisib 150 mg twice daily on Days 1-21, and intravenous rituximab 375 mg/m2 on
Day 8, 15, and 22 of Cycle 1, and then once more on Day 1 of Cycle 2. Each cycle length
was 28 days. If it were feasible to escalate lenalidomide above 15 mg, there were plans for
intra-patient dose escalation to 20 mg (Dose Level 3) or 25 mg (Dose Level 4) for patients
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treated beyond cycle 2. The treatment was scheduled for a total of 12 cycles of treatment
without maintenance. If the MTD was established, an expansion cohort of ten additional
patients was planned for further safety evaluation.

Statistical Design and Dose-Limiting Toxicity Definition

Both A051201 and A051202 were phase | trials utilizing a standard 3+3 design with the
hypothesis that idelalisib, lenalidomide and rituximab would be a safe combination. The
number of patients were determined by observed dose-limiting toxicity. Any patient
receiving at least one dose of study treatment was included in the analysis. Dose-limiting
toxicity assessment was based on Cycle 1 toxicities. Dose-limiting toxicity definition for
A051201 included any grade 4 hematologic toxicity lasting longer than 7 days, any study
drug-related grade 3 non-hematologic toxicity (except grade 3 fatigue, asymptomatic grade 3
AST/ALT elevation), or any study drug-related grade 4 non-hematologic toxicity. Specific
dose modifications for hematologic toxicity, skin toxicity, venous thrombosis, renal
dysfunction, hepatotoxicity and other non-hematologic toxicities were included. Dose-
limiting toxicity definition for A051202 included any drug-related grade 3 non-hematologic
toxicity (except fatigue, thrombosis, and asymptomatic grade 3 AST/ALT elevation), grade 4
hematologic toxicity lasting longer than 7 days, or any grade 4 non-hematologic toxicity.

Response and Toxicity Assessment Criteria

Although response was not the primary endpoint for the phase | portions of the studies,
response assessments for both studies were based on Cheson 2007 criteria.1® The first
restaging in A051201 was at 3 months, and the first restaging in A051202 was at 2 months.

Toxicity was reported using CTCAE v4.0 and reviewed during bi-weekly conference calls of
the study team for each study separately. Once the nature of dose-limiting toxicities was
emerging, enrollment was slowed to allow individual patients to complete one full cycle of
therapy before enrolling additional subjects.

Statistical Analysis

Frequency tables were used to report patient characteristics, incidence of dose-limiting
toxicity and observed responses [Complete Response (CR), Partial Response (PR), Stable
Disease (SD) and Progressive Disease (PD)]. The Kaplan-Meier method was used to
estimate PFS measured as the time from study entry until progression or death from any
cause and overall survival measured as the time from study entry until death. All data was
collected, monitored and reviewed by the Alliance Statistics and Data Center. The results
presented in this report reflect data collected through August 1, 2016. Statistical analyses
were performed using SAS 9.3 (SAS Institute, Cary, NC). The funding source (National
Cancer Institute) had no role in the study design, collection, analysis or interpretation of
data, or writing of the report.
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RESULTS

Patient Characteristics

Between July 9, 2013 and September 30, 2014, eleven patients were enrolled and treated
among four Alliance institutions before the trials were permanently halted; enroliment
included 3 mantle cell lymphoma patients on A051201 and 8 follicular lymphoma patients
on A051202 (Table 1). All consented patients are evaluable for the primary endpoint
assessment of toxicity. There were no ineligible patients. There were three patients enrolled
onto A051201 (mantle cell lymphoma) with two male, one female, median age 58 years
(range, 53-65 years); all three patients had prior autologous stem cell transplant and
rituximab treatment and the median prior regimens was two (range, 1-2). There were eight
patients enrolled onto A051202 (follicular lymphoma) with five male, three female, median
age 60 years (range, 47-77 years); all patients had prior rituximab and the median prior
regimens was two (range, 1-7). All patients had a performance status 0-1.

Treatment, Safety and Response

Patient details are presented in Table 1 and toxicity details in Table 2. Eight of eleven
patients were removed from treatment due to an adverse event, and three patients required
intensive care unit level care; two of these patients had hypotension requiring pressor
support. There were no treatment related deaths.

For A051201, Patient 1-001 was registered and treated at Dose Level 1 (Ienalidomide 15 mg,
idelalisib 150 mg BID, rituximab 375 mg/m2) but developed grade 4 AST/ALT elevations
(dose-limiting toxicity) and fevers on Day 20, was admitted to the intensive care unit, and
was removed from treatment. The study was amended to remove rituximab due to toxicity
observations on A051202 (see below), and two subsequent patients were enrolled. Patient
1-002 started at the amended doses (lenalidomide 15 mg, idelalisib 150 mg BID) but
developed grade 3 maculopapular rash on Day 15. Both agents were held but the rash
progressed and he was treated with oral steroids with eventual resolution of rash. Patient
1-003 started at the amended doses but developed a grade 3 maculopapular rash with the
first cycle. Both agents were reduced to lenalidomide 10 mg/idelalisib 100 mg BID but she
had grade 3 AST elevation and a grade 3 maculopapular rash despite the dose reduction and
was removed from treatment.

In A051202, five patients were enrolled at Dose Level 0 (lenalidomide 10 mg, idelalisib 150
mg BID and rituximab 375 mg/m2 starting on Day 8). There were two dose-limiting
toxicities in the first five patients including culture negative severe hypotension requiring
pressors and grade 3 lung infection. The next two patients were enrolled at Dose Level -1
(lenalidomide 10mg, idelalisib 100mg BID, and rituximab 375mg/m2 starting on Day 8).
The seventh patient experienced a grade 3 maculopapular rash and grade 3 pulmonary
infection that started on Day 15. The study was amended to remove rituximab as the
majority of the serious toxicities appeared to occur within 24 hours of a dose of rituximab,
and one subsequent patient was enrolled. While this last patient tolerated treatment, patient
2-007 had grade 3 AST elevation and a grade 3 maculopapular rash despite omission of
rituximab after the first week. Given the inability to deliver treatment due to toxicity, both
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studies were permanently closed. There were no grade 5 toxicities; two patients have died of
progressive lymphoma.

There were no responders in A051201 (mantle cell lymphoma); one patient had stable
disease and two patients had progressive disease. Among eight follicular lymphoma patients,
there was one complete response and four partial responses (ORR 45%); one patient had
stable disease and two had progressive disease. With a median follow-up of 7.4 months
(range, 1.9-29.5 months), the median PFS for A051202 (follicular lymphoma) is 14.4
months (range, 5.7-29.5 months).

DISCUSSION

Despite encouraging single agent activity and clinical rationale to add idelalisib to a
rituximab-lenalidomide (R-len) backbone, the triplet of idelalisib-lenalidomide-rituximab in
Alliance A051201 (mantle cell lymphoma) and A051202 (follicular lymphoma) led to
serious and unexpected toxicity consisting of culture negative sepsis syndrome, hypotension
requiring pressor support, and grade 3 rash in four of the eventual eleven patients treated.
The observation of four dose-limiting toxicities among the first eight enrolled patients is
striking, particularly given the inflammatory nature of the toxicities suggestive of immune
activation. The dose-limiting toxicities had a range of symptom onset 9-20 days after
treatment initiation, and initially seemed to coincide with rituximab infusions. Despite
elimination of rituximab, severe rashes and low grade fevers persisted, prompting dose
reductions to likely inadequate levels of both lenalidomide and idelalisib. Both trials were
halted given the inability to deliver the intended treatment safely. Overall, our brief
experience underscores the limited knowledge regarding drug interactions and off-target
effects, and serves as a cautionary note in developing biologic agents in combination and
against ad hoc combinations outside of carefully monitored clinical trials.

It is noteworthy that the doublets, Ienalidomide-rituximab (R-len) and idelalisib-rituximab
(IR), have been safely combined and show significant efficacy in several clinical settings. In
relapsed mantle cell lymphoma and indolent lymphomas, R-len is associated with
neutropenia, thrombosis and fatigue; less than 10% of patients experience severe rash, fevers
or pulmonary symptoms.(4, 6-8) Idelalisib as a single agent is known to cause significant,
but transient, hepatotoxicity with transaminase elevation in a minority of patients, as well as
a delayed colitis manifested by intractable diarrhea. The transaminase elevation typically
responds to withholding idelalisib,(16) and it is safe and feasible in most cases to restart at a
lower dose. When combined with rituximab in relapsed chronic lymphocytic leukemia
patients, the frequency of severe adverse events of pyrexia, pneumonia, febrile neutropenia
and diarrhea were all 4% or less.(12) Grade 3 or 4 transaminase elevation occurred in only
5% of patients. Lenalidomide and idelalisib have only been combined in one other published
report, along with rituximab, and after enrolling seven patients, this trial closed prematurely
mainly due to a high frequency of hepatotoxicity.(17)

There is increasing awareness that “chemotherapy-free” does not equate to “toxicity-free”,
and this has challenged the design of trials with biologic agents.(18) A major issue is that the
majority of new combinations are somewhat empiric, and based on rational but unproven
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hypotheses. Historically, new agents (which were overwhelmingly cytotoxic in mechanism)
could be tested with the assumption that increased doses would be associated with
predictable dose-related effects on organ function or marrow function. However, biologic
agents often have pleiotropic effects that are independent of dose. Lenalidomide is an
example of an agent where several common toxicities (rash, thromboembolic phenomena)
have no apparent relationship with the administered dose. Thus, in hindsight, there are likely
much better trial designs than the “3+3” method used here that would allow rapid
assessment of toxicity and treatment modification(18).

In our series, we observed a constellation of fevers, hypotension and rash as well as
hepatotoxicity and pulmonary infiltrates; these were unexpected, and are suggestive of
immune activation and off-target effects. Immune activation is increasingly recognized in the
context of PD-1 inhibitors or CAR-T cell therapy.(19, 20) While we cannot apply the
clinical term of cytokine-release syndrome (CRS) to our experience, there are some notable
similarities between the symptoms in patients treated with the triplet of idelalisib,
lenalidomide and rituximab and CRS. These include frequent constitutional symptoms with
severe rash, respiratory and cardiovascular compromise, and hepatic dysfunction occurring
in an abrupt and fulminant manner. Given the life-threatening nature of CRS following
immunotherapy, there are now grading systems in place that prompt specific interventions,
including 1L-6 blockade with tociluzimab. Our analysis did not collect serial samples to
document cytokine elevation and therefore there is no confirmation that CRS occurred. The
timing of clinically observed toxicities (range of time to onset 9-20 days) is unexplained, but
consistent with an immune-mediated event or direct interaction of the study drugs on T-cells.

Mechanistically, both immunomodulatory agents and PI13K inhibitors impact T/NK-cell
activity, and may have additive impact. Lenalidomide has direct effects on malignant B-
cells, but much of its anti-neoplastic effect is attributed to proliferation and activation of
normal T-cells and natural killer cells. For example, lenalidomide appears to “repair” the
interaction between tumor infiltrating T-cells and follicular lymphoma cells, thus restoring
and enhancing T-cell function.(21) Lenalidomide also directly stimulates T-cells via
increased IL-2, IFN-y and other inflammatory cytokine production. In vitro studies show
that lenalidomide increases natural killer cell number, natural killer cell activity, and natural
killer-mediated enhancement of antibody-dependent cellular toxicity (reviewed in (22)). The
effect of PI3K inhibition on non-malignant immune cells is similarly complex. In murine
models, inhibition of the delta isoform in regulatory T-cells facilitates activation of CD8+
cytotoxic T-cells and is associated with brisk tumor regression.(23) It is unclear if inhibition
of the delta isoform is associated with increased expression of the gamma isoform of PI3K
which is highly expressed in T-cells and could theoretically increase T-cell activity. The
added effect of rituximab to an environment potentially full of primed T-cells is unclear, but
enhanced antibody-dependent cell-mediated cytotoxicity could have contributed. We
initially felt the timing of toxicity onset coincided with the administration of rituximab, but
the persistence of significant rash, pulmonary and hepatotoxicity despite the elimination of
rituximab suggests an interaction between the two oral agents was responsible for the
toxicities. The rapid and fulminant timing of toxicity-onset may be related to the combined
effect of each agent on T-cell activity, although this would need confirmation.
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It is possible that both idelalisib and lenalidomide facilitated cytotoxic T-cell activation;
however, the observation of severe toxicity in many but not all patients in our series suggests
that there are other factors to be considered. In chronic lymphocytic leukemia, idelalisib-
associated colitis and transaminase elevation may be associated with the number of prior
immunosuppressive therapies; the authors of a study testing idelalisib and rituximab in
treatment-naive versus relapsed/refractory chronic lymphocytic leukemia patients observed
that the incidence of grade 3 or 4 transaminase elevation was 23% versus 2% and diarrhea/
colitis was 42% versus 6%, respectively.(24) In March 2016, an independent data and safety
monitoring board found an excess of toxic deaths (mainly related to infection) in a
combination study of idelalisib plus other agents, and with FDA support, halted studies in
less heavily pre-treated lymphoma patients (http://www.fda.gov/Drugs/DrugSafety/
ucm490618.htm).

In summary, the triplet regimen of idelalisib, lenalidomide and rituximab was too toxic,
despite the safety of previously tested doublets and rationale to test the combination in
patients. The nature of the toxicities supports an immune-activated state characterized by
excessive inflammation. A more detailed evaluation of effects on cytokines, T-cell subsets,
natural killer cells and clinical features predictive of toxicity and response should be
included in any further testing of these classes of agents, and they should never be combined
outside of a carefully designed and diligently monitored clinical trial setting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in Context
Evidence before this study

In 2012, we completed a literature search using the PubMed database to identify
published studies on the use of combination treatment strategies in relapsed and
refractory indolent lymphomas. We used the search terms “lenalidomide”, “rituximab”,
“idelalisib”, “indolent lymphoma”, and “relapsed/refractory lymphoma”, with no date or
language restrictions. At this time, there were no published studies using the triplet
combination, lenalidomide, rituximab, and idelalisib, in recurrent indolent lymphomas or
other hematologic malignancies. Several previous studies suggested impressive
synergistic clinical activity of the doublet combination, rituximab and lenalidomide, in
relapsed and refractory mantle cell and follicular lymphoma. In addition, idelalisib was
known to have significant clinical activity as a monotherapy in refractory indolent
lymphomas with a unique mechanism of action.

Added value of this study

There is a need to test novel, targeted drugs in combination regimens, in an effort to move
away from traditional cytotoxic agents. In this study, the Alliance tested a new triplet
combination, oral lenalidomide, oral idelalisib, and intravenous rituximab, in relapsed
and refractory mantle cell (A051201) and follicular (A051202) lymphoma. Both trials
were permanently halted due to serious toxicities including hypotension, sepsis
syndrome, severe rash, and grade 3—4 transaminase elevation. It was determined from
these two studies that the triplet combination of lenalidomide, idelalisib, and rituximab
was too toxic. Our findings reveal the importance of studying proposed combinations of
novel targeted drugs in well-monitored Phase | studies to clearly define any unexpected
drug interactions and off-target effects.

Implications of all the available evidence

During the conduct of our studies (A051201 and A051202), a separate clinical trial was
also in progress using the same triplet combination in relapsed and refractory indolent
lymphoma (NCT01088048). This study found significant hepatotoxicity limiting further
development of the triplet combination. The results of our study match this trial,
confirming the unacceptable toxic effects of this triplet combination.
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Rituximab intravenously 375mg/m2 C3+ 25mg
weekly for Cycle 1, then Day 1 of Cycles 4,
6, 8, and 10 Idelalisib orally twice daily on Days 1-28

Lenalidomide orally once daily on Days 1-21, every 28 days
Rituximab intravenously 375mg/m2 on Cycle 1 Day 8, Day
15, and Day 22, and then Day 1 of each subsequent cycle
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Figure 1.

Initial treatment schemas for A051201 and A051202.
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