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Abstract: The treatment (i.e. therapy and management) of chronic lymphocytic leukemia
(i.e. the disease) has been improved thanks to the introduction (i.e. approval) of kinase
inhibitors during the last years. PI3K is one of the most important kinases at the crossroad to
the B-cell receptor and cytokine receptor which play a key role in CLL cell survival,
proliferation and migration. Idelalisib is the first in class PI3K3 inhibitor approved for the
treatment of relapsed/refractory CLL in combination with rituximab. Idelalisib activity in
heavily treated patients is balanced by recurrent adverse events which limit its long-term use.
These limitations prompt the investigation on novel PI3K inhibitors, also targeting different
protein isoforms, and alternative schedule strategies. In this regard, duvelisib is the only
PI3K y and ¢ inhibitor approved as single agent for relapsed CLL. In this review, we will
address novel insights on PI3K structure, isoforms, regulating signaling and the most updated
data of next-generation PI3K inhibitors in CLL.
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Introduction

Signal transduction is essential for cell life and death. At the cell membrane, one of
the key pathways transducing signals involves the generation of phosphoinositide
lipids, phosphatidylinositol (3,4,5)-trisphosphate (PIP;) in particular, catalyzed by
phosphoinositide 3-kinases (PI3Ks). These are a family of lipid kinases that trans-
duce a variety of extracellular cues from the surrounding microenvironment such as
growth factors and cytokines' into several cellular functions like cell growth,
proliferation, differentiation, motility, survival and intracellular trafficking.?

The hyperactivation of PI3K and sustained activation of the downstream signal-
ing cascades are commonly observed in human cancers.’ Type I PI3Ks is the most
studied class and the most related to oncogenic processes, including the pathogen-
esis of chronic lymphocytic leukemia (CLL). CLL is the most common leukemia in
western countries and is characterized by a heterogenous clinical behavior ranging
from patients who will never require treatment to rapidly progressing patients who
will die after a few years.* Accordingly, TP53 deletion and/or mutation,* complex
karyotype>® and unmutated conformation of /IGHV gene™’ have been identified as
negative predictive biomarkers of low response rate and early relapse after chemo-
immunotherapy. In this regard, inhibitors of B-cell receptor (BCR), through target-
ing BTK or PI3K, as well as BCL-2 inhibitors have been proved to be effective and
feasible in the treatment of CLL patients in clinical trials.* The pivotal role of these
kinases in CLL is exemplified by the high efficacy of the PI3K inhibitor (PI3Ki),
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idelalisib, in heavily pre-treated patients and the strong
commitment for the development of safer second-
generation inhibitors.

In this review, we will summarize the most recent data
on PI3K structure and isoforms, its regulation and signal-
ing pathways, and clinical data from second-generation
PI3K inhibitors. Finally, we will discuss efficacy and tol-
erability of second-generation PI3Ki as compared with
idelalisib, the first-in-class PI3Ki.

PI3Ks: Classes and Isoforms

PI3Ks are classed into three classes, class I, II, and III
(Table 1) based upon their structural and functional fea-
tures, conveying signals downstream of engaged mem-
brane receptors and exerting effector functions (class 1),
or controlling membrane trafficking and regulating signal-
ing indirectly (class IT and IIT).?

Class | PI3Ks

Class I PI3Ks exist as heterodimers comprising a p110
catalytic subunit in complex with different regulatory

Table | PI3Ks Classes

subunits (Table 1 and Figure 1). In mammals, class
I PI3Ks are divided into two subclasses, IA and IB,
based on differences in structure and regulatory subunits
with which they interact. Class IA includes three highly
homologous isoforms (pl110a, pll10B and pl10d) are
encoded by three different genes, namely PIK3C4,
PIK3CB and PIK3CD (Table 1 and Figure 1). These
pose a p85-binding domain, which mediates the interaction
with five different, mutually exclusive, type of regulatory
subunits, namely p850 and the splicing variants p55a and
pS0a (all encoded by PIK3RI), p85B (encoded by
PIK3R2) and p55y (encoded by PIK3R3), which are cri-
tical for the regulation of the kinase activity and the inter-
play with other critical factors of the downstream signaling
pathways.® The only member of class IB is pll0y
(encoded by the PIK3CG gene), which associates with
regulatory subunits namely plOl1 (encoded by the
PIK3R5 gene) and p84 (also known as p87 or p87° KT,
encoded by the P/IK3R6 gene) (Table 1 and Figure 1).
Importantly, all of the class I PI3K catalytic subunits
possess a Ras-binging domain, which renders them of the
main effectors of the members of the small GTPase RAS
superfamily.” While p110a and p110p are expressed ubi-
quitously, p1103 and p110y are generally found in blood
cells such as lymphocytes.'® While PIKRCA gene has been
found recurrently mutated in solid cancer (for example,
endometrial cancer, breast cancer, bladder cancer, cervical
in hematological

cancers), it is rarely disrupted

malignancies.>*'°

Class Il PI3Ks

Class II PI3Ks do not act as a classical kinase downstream
of cell surface-generated signals, but it regulates intracel-
lular membrane dynamics and trafficking. There are three
class II PI3Ks has three catalytic subunits in humans,
while lacking the regulatory ones: PI3KC2a (encoded by
the PIK3C24 gene) and PI3KC2B (encoded by the
PIK3C2B gene) that are expressed ubiquitously, and
PI3BKC2y (encoded by the PIK3C2G gene) that are
expressed mainly in the liver (Table 1). Class II PI3Ks
have an autoinhibition mechanism (the C-terminal folds
back onto the kinase domain) and it is negatively regulated

by post-translational modification.?**'°

Class Il PI3Ks

Vacuolar Protein Sorting 34 (VPS34, also known as
PI3KC3, encoded by the PIK3C3 gene) is the only class
I PI3K member. VPS34 is ubiquitously expressed'® and

PI3K Catalytic Regulatory/Accessory
Classes Subunits Subunits
CLASS |
IA p85a (PIK3RI)
pl10a (PIK3CA) p55a (PIK3RI)
pl10B (PIK3CB) p50a (PIK3R1)
pl 108 (PIK3CD) p85B (PIK3R2)
p55y (PIK3R3)
IB pl10y (PIK3CG) plOl (PIK3R5)
p84 (PIK3R6)
CLASS I
I PI3KC2a
(PIK3C2A)
PI3KC2B None
(PIK3C2B)
PI3KC2y
(PIK3C2G)
CLASS I
Complex | VPS34 (PIK3C3) Beclin |
PIK3R4
ATG14
Complex Il VPS34 (PIK3C3) Beclin |
PIK3R4
UVRAG
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Figure | Class | PI3K isoforms, tissue expression and corresponding inhibitors under clinical development.

can regulate autophagy, endosomal sorting, phagocytosis
and micropinocytosis.>'® VPS34 can form two tetrameric
complexes, known as complex I and complex II (Table 1).
Complex I is composed of VPS34, Beclin 1, PIK3R4 and
ATG14, while complex II consists of VPS34, Beclin 1,
PIK3R4 and UVRAG, playing a role in control endosome
maturation and promotes autophagosome-late endosome
fusion. Additional regulatory subunits can associate to

and modulate these complexes.>®'°

PI3K Regulation and Signaling

Upon external cues, PI3K p110 subunit converts phosphatidy-
linositol-4,5bisphosphate (PIP2) into phosphatidylinositols-
3,4,5P; (PIP3), a second messenger that serves as a platform
to recruit cytoplasmic proteins to specific sites of the inner
leaflet of the plasma membrane, thereby activating the down-
stream pathways. Regulation of PI3K is modulated by the
interplay of upstream activating stimuli and their interaction
with the PI3K catalytic subunits. As mentioned above, the
activation of PI3Ks occurs through different mechanisms
principally mediated by three families of signaling factors
such as 1) Ras superfamily of small GTPases, ii) G-protein-
coupled receptors (GPCR), and iii) receptor tyrosine kinases
(RTK) or receptor phosphorylated by non-receptor receptor
tyrosine kinases such as the B-cell receptor (BCR).!' Such
mechanisms are dependent on or independent of the regulatory
subunits. For instance, p85, which in the first place contributes
to the stabilization and the inhibition of the pl110 subunit,
actively participate in the recruitment of the holoenzyme itself,

triggering the activity of downstream effectors. In brief, this
SH2
domains of p85 and the phosphorylated motifs (e.g. pTyr-
X-X-Met) of the cytoplasmic tails of the TKRs or the BCR
targeted by the ligand-elicited activity of the TKRs themselves
or by the activity of non-receptor tyrosine kinase upon BCR

interaction occurs between the N- and C-terminal

engagement, respectively.'>'? PI3K membrane recruitment to
the plasma membrane enhances small GTPases binding to the
Ras-binding domain of PI3K p110 catalytic subunits. While
pl110a, & and y are activated by Ras proteins, p110p is acti-
vated by Rho GTPases."

Activation of PI3K by G-protein-coupled receptors,
like CXCR4, is mediated by GP/y subunit that can bind
and activate both p110f and y, this latter being shown to
bridge GPCR- and TKR-dependent signals'” (Figure 1B).

The activity of the catalytic subunits is also associated to
post-translational modifications on their associated regulatory
subunits. It has been proved that PKD, activated by PKC,
induces phosphorylation of the C-terminal SH2 domain of
p85 at Ser361 and Ser652, revealing a mechanism for
a negative regulation of the PI3K."® In addition, p85 subunit
can be phosphorylated at ser690 by IkB kinase'” and at Ser608
by pl10,"® inducing an auto-inhibitory effect.'” Tyr-
phosphorylation of p85 has also been demonstrated, especially
by Src family kinases at Tyr688, which results in the activity
enhancement of PI3K 2%

As previously mentioned, PIP3 generated by PI3K activ-
ity triggers the activation of crucial factors of the survival
pathways in eukaryotic cells including, AKT and mTORC,
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as well as, transcription factors such as the FOXO family
members.”> Upon growth factors stimulation, active PI3K
generates PIP3 which recruits AKT through the pleckstrin
homology domain of the latter, thereby inducing full activa-
tion of AKT through its phosphorylation at Thr308 by PDK 1
and at Ser473 by mTORC2, thus fully activating AKT.
Activated AKT phosphorylates GSK3,>>** inhibiting it,
TSC2, caspase 9 and PRAS40 promoting proliferation, dif-
ferentiation, apoptosis, angiogenesis and metabolism.

As far as B cells are concerned, their development and
activation are highly dependent on pathways that directly
involve PI3K. Activation of PI3K is indeed required for
B cell survival, with a major role being played by the p110
d and vy isoforms, which predominantly expressed in hema-
topoietic cells, unlike other isoforms that are ubiquitously
expressed (Figure 1). PI3K is activated downstream the
BCR with a proposed mechanism involving the interaction
between the Src-family kinase (SFK) Lyn and the p85

CD19
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release
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Figure 2 PI3K signaling in chronic lymphocytic leukemia.

subunit of PI3K***® (Figure 2). Moreover, a SFK-
independent mechanism involving Syk does also exist
with the involvement of the Syk substrate c-Cbl.?’
Following recruitment to phosphorylated tyrosine kinases,
c-Cbl is also phosphorylated at multiple tyrosine residues
and provides docking sites for the SH2 domains of the p85
regulatory subunit of PI3K, promoting cell survival and
proliferation through these interactions.”® BCR activation
also promotes BTK activation via recruitment and activa-
tion of PI3K. In this respect, PIP3 probably serves to
anchor BTK to cell membrane for subsequent phosphor-
ylation and activation by Src and SFK.* In addition, BCR
activation induces a transient recruitment of AKT to the
plasma membrane, which tightly depends on PI3K activa-
tion. On the other hand, PI3K mediated signals are both
necessary and sufficient for sustained activation of AKT in
B cells.’® All these molecules assemble together into

a multimolecular complex, the “signalosome” placed at
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the cytosolic side of the plasma membrane, making PI3K
a key protein for BCR signaling. On the other side, the
PI3K/PIP3 pathway is negatively regulated by the phos-
phatase and tensin homolog (PTEN), which acts by de-
phosphorylating PIP3 to PIP2, and by other phosphatases
such as SHIP (Src-homology 2 domain containing inositol
polyphosphate 5-phosphatase).**

Since BCR signaling is a key pathway for the patho-
genesis of B cell lymphoproliferative diseases, molecules
of signalosome have been and are being extensively stu-
died in this context, including PI3K and the downstream
pathway components (Figure 2). For instance, in high-
grade B-cell lymphoma with low baseline NF-kB and
PTEN mutations, inhibition of BCR signaling is able to
modulate the PI3K/AKT pathway.*'*** In acute lympho-
blastic leukemia, the PI3K/AKT pathway is involved in
adhesion-mediated survival of leukemic cells.**> Moreover,
PI3K has been successfully targeted in indolent B-cell
Lymphomas (i.e. follicular lymphoma and CLL) and pro-
mising results are emerging also for T-cell Lymphomas.**

Being PI3K an essential protein in the propagation of
BCR signaling, the rationale for using PI3K inhibitors in
B-cell lymphoproliferative diseases rests on the ability to
inhibit apoptosis of tumor cells which strongly rely on BCR
signaling survival. Although this mechanism is partially
mediated by the down-regulation of AKT,*> tumor micro-
environment disruption is also involved.*® Indeed, PI3K
inhibitors have been shown to reduce cell responsiveness
to signaling mediated by CXCL12 and CXCL13 and to
decrease the secretion of other chemo/cytokines essential
for B cell survival in CLL.*"*®* An increased activity of
PI3K in CLL has been documented with implication in
CD40-CD40L, BAFF and BCR pathways.*®*
Furthermore, in freshly isolated CLL cells, PI3K has been
shown to be constitutively activated as well as PKC5 that is
linked to PI3K itself and is phosphorylated at Thr505 in
response to PI3K activation. Tyrosine phosphorylation and
activity of PKCS were dependent on PI3K activity in CLL
cells suggesting that PI3K survival signals might be
mediated via PKC3.***! PI3K is important also in the CLL-
microenvironment cross-talk, as shown by the dependence
of CXCL12-CXCR4 mediated adhesion and migration on
PI3K 4245 The Raf/MEK/ERK pathway
enhances growth, survival, and metabolism of cancer cells
as well as the PI3K/AKT/mTOR pathway; these two signal-
ing cascades both “originate” from RAS and functionally

activation.

interact with each other to regulate both physiological cell
fate and tumorigenesis. The latter is the case of CLL where

heat shock factor 1 (HSF1) is overexpressed and upregu-
lates the transcription of heat shock protein 70 (HSP70).
HSF1 is fine-tuned by kinases that participate in signaling
pathways inhibited by RAS (i.e. Raf/MEK/ERK and PI3K/
AKT/mTOR).*'*** We found that patients showing low
levels of HSP70 also displayed high activation of MEK1/2
and ERK1/2, known to negatively regulate HSF1. By con-
trast, patients displaying high levels of HSP70 also
expressed high AKT-Ser473, thus activating HSFI.
Furthermore, treatment of CLL cells with the PI3K inhibitor
Idelalisib, which functionally downregulates AKT, reduced
the expression of both HSF1 and HSP70, demonstrating
a role of the PI3K/AKT pathway in the upregulation of
HSF1/HSP70 axis.*! In addition, it has been demonstrated
that CK2, a pleiotropic serine-threonine kinase overex-
pressed in CLL, can phosphorylate both AKT on Ser129,
activating it, and PTEN on Ser380/Thr382/Ser385, inhibit-
ing PTEN and boosting AKT signaling.** Interestingly, it
has been documented that in resident tissue macrophages,
where PI3K contributes to FcyR signaling, PI3K catalytic
subunit p1109 is essential for CLL-derived macrophages to
respond to therapeutic antibodies, conversely, its inhibition
reduces FcyR-mediated antibody immune responses.*®
The pivotal role of PI3K summarized above accounts
for the high efficacy of first and second generation of
PI3Ki in hematological malignancies, in particular in CLL.

Second-Generation PI3K Inhibitors
The first in class PI3Ki, idelalisib, has proved to be active
in heavily treated patients in clinical trials. However, ide-
lalisib efficacy was paralleled by an unfavorable toxicity
profile including several infections, transaminitis, colitis
and pneumonitis. These idelalisib-induced adverse events
are difficult to manage and justify the efforts to identify
more active and safer next-generation PI3Ki.

Duvelisib

Duvelisib is the first approved dual PI3K3 and vy inhibitor
for the treatment of relapsed/refractory CLL after at least 2
previous lines of therapy (Figure 1). Whereas, duvelisib-
mediated PI3K$ inhibition blocks cancer cell survival
pathways downstream of the BCR, the targeting of
PI3Ky seems to inactivate the immune cells within the
tumor microenvironment, where this isoform is more com-
monly expressed, such as T lymphocytes and macro-
to aid CLL cells in
proliferation and migration.*’ In preclinical models, the

phages, which are known

combined inhibition of PI3K$ and y has shown to cause
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a more pronounced lymphoma cell death as compared to
idelalisib, which targets only the PI3K§ isoform.*®
Duvelisib was evaluated in Phase I clinical trial in 210
patients with hematologic malignancies such as CLL,
indolent non-Hodgkin lymphoma (NHL) and T-NHL.*
Pharmacodynamic activity, measured as reduction of
PI3K-dependent AKT phosphorylation, was found at
a dose of 25mg twice daily. This dose was recommended
for further clinical studies. Toxicities were similar to those
of idelalisib such as neutropenia (grade >3 20%), transa-
minitis (grade >3 19.5%), late-onset diarrhea/colitis (grade
>3 11%/6%), infections (grade >3 10%, including 3
patients with Pneumocystis jirovecii pneumonia and 2
systemic CMV infections) and interstitial pneumonitis
(4%).* Efficacy was promising with an overall response
rate of 56% in relapsed CLL (n = 55) and 83% in treat-
ment-naive CLL (n = 18) patients.49

The Phase 3 DUO clinical trial further compared duveli-
sib versus ofatumumab monotherapy, enrolled 319 patients
with relapsed CLL.>™! Response rates were 74% (only 1
complete remission) and 45% for duvelisib and ofatumumab,
respectively.’! After a median follow-up of almost 2 years,
the median progression-free survival (PFS) was 13 months
and 10 months for duvelisib and ofatumumab (p<0.0001),
respectively.’! PFS with duvelisib as compared with ofatu-
mumab was also improved in patients harboring high-risk
biological features, like TP53 disruptions. As expected from
Phase 1 study, infections and immune-related events were
recurrent severe colitis being recorded in 12% of patients,
transaminitis and pneumonitis in 3% of study population. No
death occurred due to immune-mediated adverse events.
However, 35% of patients discontinued treatment due to
adverse events.”’ Cross over to duvelisib was allowed to
patients who progressed after ofatumumab.’® Ninety patients
were treated with ofatumumab, had a response rate of 29%
and the median PFS was only 9 months. After crossover, 69/
90 (77%) achieved a response and the median PFS improved
to almost 16 months.>® Notably, 73% of patients with disease
previously refractory to ofatumumab achieved a response.

Updated results of DUO trial were presented at the
2019 American Society of Hematology congress.>
Authors showed that second-line CLL patients character-
ized by chromosome dell1q22-23 (11g-) or unmutated
status of IGHV gene demonstrated extended PFS and
a higher response rate with duvelisib vs ofatumumab. In
particular, among 11q- patients the median PFS was 25
and 9 months for duvelisib and ofatumumab, respectively.
Duvelisib also demonstrated a favorable overall response

rate compared with ofatumumab in patients with 11q-
(83% vs 56%) and unmutated status of IGHV gene (66%
vs 50%). Conversely, IGHV mutated patients had a higher
rate of discontinuation due to immune-related events in
the second-line setting.>>

These results supported new clinical trial of duvelisib
in combination with the BCL2
(NCT03534323) and intermittent dosing posology
(NCTO03961672). Preliminary results on the phase I trial
of duvelisib and venetoclax ramp-up starting from day 8 in
patients with R/R CLL were reported.’® Eight of the 9
patients achieved a response, including 3 complete remis-

inhibitor venetoclax

sions and 2 undetectable minimal residual diseases. Three
patients discontinued therapy, one proceeded to allogeneic
stem cell transplantation and 2 disease progressions. No
laboratory or clinical tumor lysis syndrome was observed
in the study.

Umbralisib

Umbralisib (Figure 1) is a highly selective PI3K3
inhibitor.*® In addition, umbralisib inhibits casein kinase-
le (CKle) which is involved in the translation of the
c-Myc oncogene,” and in the regulation of the Wnt5a
pathway,”* a known actor of PI3K-induced colitis.”
Notably, duvelisib and idelalisib but not umbralisib caused
drug-induced colitis in mouse model.*’

The phase 1 study enrolled 90 patients with NHL and
relapsed CLL and found that the recommended Phase 2
dose was 800mg once daily.’® The most common grade >3
adverse events were cytopenia (29%), mainly neutropenia
in 13% of patients.’® Grade 3 or higher immune-mediated
colitis was observed in only 2 cases treated with >800mg
of umbralisib, and grade >3 transaminitis occurred in other
2 patients. Pneumocystis prophylaxis was applied to only
20% of patients, but fortunately, no cases of Pneumocystis
pneumonia occurred.’® Accordingly, only 7% of patients
discontinued umbralisib due to adverse events. Seventeen
(85%) out of 20 relapsed CLL patients achieved an objec-
tive response, including 7 partial response with lympho-
cytosis. Umbralisib demonstrated similar efficacy in
patients harboring high-risk cytogenetic features.’®

The favorable safety profile allows to combine umbra-
lisib with other agents such as ibrutinib (n=21 relapsed
CLL, overall response rate was 90%)’’ and ibrutinib in
combination with the novel anti-CD20 monoclonal anti-
body ublituximab (n=23 relapsed CLL, all patients
responded and 36% achieved complete remission).’®
Combinations were safe and adverse events occurred as
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expected, including a higher rate of diarrhea and atrial
fibrillation with ibrutinib>’ and infusion-related reaction
in the triple combination.’® Remarkably, the incidence of

immune-mediated toxicities was low in both studies.

Dezapelisib

Dezapelisib (Figure 1), previously known as INCB040093,
is a selective PI3K3 inhibitor which has been tested alone
or in combination with itacitinib, a JAK1 inhibitor, in
a phase 1 clinical trial in relapsed patients with B-cell
lymphomas.®® Out of the 114 patients enrolled in this
study and treated with monotherapy (n=49), combination
therapy (n=72), or crossed over from monotherapy to
combination (n=7), 12 with R/R CLL underwent mono-
therapy and only one with the combination treatments.>
The recommended phase 2 dose of dezapelisib was 100mg
twice daily. Most common serious adverse events with
monotherapy were neutropenia (18%), and pneumonias
(10%), which were similar to those presenting with the
combination, that is neutropenia (24%), pneumonias (14%,
including 5 cases of pneumocystis pneumonia), pyrexia
(7%) the most prominent. Remarkably, grade >3 transami-
nase elevations were less common when used in the com-
bination (3% vs 20%). Although dezapelisib seems to be
very active in lymphomas, only half of CLL patients
responded and all with partial response.”

Parsaclib

Parsaclib (Figure 1), also known as INCBO050465, is
a highly selective PI3K9 inhibitor, which was studied in
patients with B-cell malignancies. Parsaclib activity was
assessed alone or in combination with a JAK1 inhibitor or
chemotherapy in a phase 1 study.®® Again, treatment-related
adverse events were similar to idelalisib and duvelisib but
less transaminitis occurred. Since parsaclib discontinuation
due to adverse events was recorded in almost one third of
patients, an intermittent dosing schedule was identified
according to pharmacodynamic data. After 9 weeks of
parsaclib continuous therapy, an alternately weekly sche-
dule began.®® This alternate on-off therapy allowed to
achieve clinical response before severe toxicities set in.
Due to this schedule, no patient had to discontinue treatment
because of treatment-related adverse events and several of
them continued parsaclib. Although parsaclib was active in
B-cell indolent NHL, only 2 out of the 6 CLL treated

patients achieved a response.*’

Copanlisib

Copanlisib is a pan-class I PI3K inhibitor administrated
intravenously and selectively inhibiting the p110a and &
isoforms (Figure 1). Copanlisib is approved for the treat-
ment of relapsed follicular lymphoma in the United States.
Immune-related events have been uncommon with copan-
lisib than with idelalisib and duvelisib unlike hyperglyce-
mia (grade >3 30%) and hypertension (grade >3 14%)
were common.®' Only 13 CLL patients were treated with
copanlisib in clinical trials and the response rate was 38%.
For these reasons, trials on CLL were stopped.
Interestingly, a trial investigating copanlisib plus nivolu-
mab in patients with Richter syndrome is still ongoing

(NCT03884998).

Acalisib

Acalisib (GS-9820) is another selective PI3K6 inhibitor
(Figure 1) showing promising clinical activity in phase 1
trials including patients with relapsed CLL or B-cell
NHL.* Despite treatment-related adverse events were as
expected, including diarrhea, elevated liver transaminases,
rash, and infections, a very high response rate was
observed, being 95% in CLL but 29% in NHL.%*

ME-401

ME-401 is a PI3Kd inhibitor, which binds longer and more
tightly to its target site than idelalisib®® (Figure 1). ME-
401 is currently under investigation in phase 1b in R/R
CLL and NHL.** Similar to parsaclib, intermittent dosing
was introduced after an initial continuous treatment phase.
In a preliminary report, grade >3 immune-related events
were clearly reduced during the intermittent schedule.*®

Conclusions

During the last 10 years a better understanding of CLL
biology has fostered the development of glycoengineered
anti-CD20 monoclonal antibodies, inhibitors of kinases
downstream the BCR and BCL-2 inhibitors, which have
been introduced in the treatment landscape of CLL. These
targeted agents represent highly effective treatments with an
acceptable toxicity profile and show a good response when
administrated in heavily treated patients. In addition, BCR
inhibitors have been shown to be highly active in the subset
of patients at higher risk of early chemoimmunotherapy fail-
ure, due to the unmutated status of /GHV gene and/or TP53
gene disruption. In particular, PI3Ki are a class of promising
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agents in CLL, whose efficacy was balanced by toxicities
which required an optimal management.

Idelalisib, the first PI3Ki to receive global approval, has
been associated with different — sometime severe — toxicities
including colitis, transaminitis and pneumonitis accounting
for a considerable treatment discontinuation.®*®> PI3K is
critical for the development and function of regulatory
T cells (Treg). A decrease in Treg cells associated with
autoimmunity disorders has been observed in mice lacking
PI3K function in their T cells.®® These adverse events were
more common in young and treatment-naive patients, likely
with a better T-cell function. Although prophylaxis, careful
monitoring and prompt steroid treatment can prevent severe
events, disappointing trials showed that toxicities were more
common and severe in combination regimens®’ and in treat-
ment-naive patients®® precluding further studies.

For these reasons, researchers focused on investigating
novel PI3Ki by targeting different subunit and on alter-
native treatment modalities, aiming to improve patients’
tolerability with sustained efficacy.

Duvelisib, an oral PI3Ki targeting both 6 and y subunits,
is the only second-generation PI3Ki approved for the treat-
ment of relapsed CLL.”" However, similar to idelalisib all
responses were partial. In addition, immune-related adverse
events and infection were a concern also for duvelisib even if
slightly lower compared with idelalisib.’>" Remarkably no
fatal adverse event occurred using the trial-defined manage-
ment of toxicities, such as pneumocystis prophylaxis with
trimethoprim-sulfamethoxazole or pentamidine, duvelisib
interruption and prompt steroid therapy for immune-
mediated events.’” Based on the efficacy and the manageable
toxicity profile of duvelisib, a combination study with vene-
toclax was initiated (NCT03534323) as well as a study inves-
tigating intermittent dosing (NCT03961672), in order to
decrease the rate of immune-mediated adverse events.

Among other under-investigation drugs, umbralisib
seems to be the most promising one, due to the different
chemical structure and good safety profile.”® Umbralisib,
a dual PI3K6 and CK ¢ inhibitor, was highly active in early
phase 1 clinical trial in CLL, associated with a low rate of
immune-related adverse events as well as low discontinua-
tion rate.’® Based on efficacy and safety data, also umbra-
lisib has been combined with other targeted agents with
encouraging results.>’~®

In light of the above next-generation PI3Ki either as
monotherapy or in combination with further targeted agents
represent a promising weapon in a hopefully rapidly improv-
ing CLL treatment landscape. In particular, they could be an

additional option for patients failing therapy with agents
directed against the BCR complex or BCL2 inhibitors.
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