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IMPORTANCE The phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT)/mammalian
target of rapamycin (mTOR) signaling pathway, which regulates multiple cellular processes,
including metabolism, proliferation, motility, growth, and survival, is one of the most
frequently dysregulated pathways in human cancers. The PI3K/AKT/mTOR cascade can be
aberrantly activated by multiple factors, including diverse oncogenic genomic alterations in
PIK3CA, PIK3R1, PTEN, AKT, TSC1, TSC2, LKB1, MTOR, and other critical genes, which can be
used as targets for anticancer therapy. Limited single-agent activity, high levels of toxic
effects, and a lack of predictive biomarkers for treatment selection have all been major
barriers to the clinical development of these compounds. Many adverse effects are
uncommon and have poorly understood mechanisms. An understanding of these toxic
effects, as well as a better definition of management guidelines, will be important because
more PI3K inhibitors are under development and may soon be incorporated into routine
practice.

OBSERVATIONS A search of PubMed, draft prescribing information of currently approved
PI3K inhibitors, European Medical Association and US Food and Drug Administration product
information, and expert panel opinion on the management of the prominent toxic effects of
this class of agents was conducted on August 29, 2018. This article provides an overview of
the main toxic effects of PI3K inhibitors reported in clinical trials and a summary of
recommendations for identification and management of treatment-emergent toxic effects,
i==!'1ding hypoglycemia, cutaneous reactions, pneumonitis, neuropsychiatric effects,
-~ atotoxic effects, diarrhea, and colitis.
inh

CONCLUSIONS AND RELEVANCE An improved understanding of the complexities of the main
toxic-effect mechanisms and their management might open viable paths to advancing PI3K
inhibitors from clinical studies to new standard-of-care treatments.
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he phosphatidylinositol 3-kinase (PI3K)/protein kinase B

(AKT)/mammalian target of rapamycin (mTOR) pathway

plays a major role in the survival, growth, and dissemina-
tion of several tumors. It is one of the most frequently dysregu-
lated signaling pathways in tumors and can be aberrantly activated
through different mechanisms.! Preclinical and clinical evidence sup-
ported the rationale of targeting the PI3K/AKT/mTOR pathway, lead-
ing to the development of several PI3K and AKT inhibitors, as well
as allosteric mTOR and catalytic mTOR kinase inhibitors. However,
because PI3K is the most proximal component of the pathway, tar-
geting PI3K itself rather than AKT or mTOR may induce a pro-
nounced inhibition of the downstream components within the path-
way and reverse eventual resistance to previous therapies.>*

The PI3K family is divided into 3 classes (I, Il, and llI) that differ
in coding genes, structures, and substrate preference.® The differ-
ent PI3Kisoforms have diverse tissue distribution that informs their
expected activity and toxic effect profile (Table 1). The PI3K aand 3
isoforms are expressed almost ubiquitously and regulate a wide range
of physiological processes, including cell growth, proliferation, dif-
ferentiation, motility, survival, and intracellular trafficking; PI3Ka
plays also a key role in glucose homeostasis. The y and & isoforms
are preferentially expressed on leukocytes?'?? and control differ-
ent aspects of immune responses. The effects of PI3K inhibition on
different lymphocyte subsets are classically involved in the devel-
opment of autoimmune toxic effects.?> Because of their immuno-
modulatory role, recent preclinical studies supported the rationale
of combining PI3Kd isoform inhibitors, such as copanlisib dihydro-
chloride, with immune checkpoint blockers.2* Moreover, PI3Ky isin-
volved in blood pressure homeostasis by regulating particularly myo-
genic tone. Pan-PI3Kinhibitors block the catalytic activity of all 4 PI3K
class | isoforms (p110a, p110B, p110y, and p1103),” as shown in the
Figure. Pan-PI3Kinhibitors in current development include copan-
lisib, buparlisib hydrochloride, and SF1126. Overall, the clinical de-
velopment of most pan-PI3K inhibitors, such as pictilisib, pilaral-
isib, and PX-866, has been interrupted owing to the high frequency
of toxic effects and modest antitumor activity.' Dual inhibitors of PI3K
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and mTORCI/2, including gedatolisib and LY3023414, result in the
blockade of the 3 most critical nodes of the PI3K/AKT/mTOR path-
way, with a toxic effect profile similar to pan-PI3Kinhibitors. Isoform-
specific PI3K inhibitors are supposed to have a more favorable safety
profile owing to fewer off-target adverse events and a wider thera-
peutic index. In this class of drugs, the only approved agent is ide-
lalisib, a selective PI3Kd inhibitor. According to their preferential dis-
tribution and activity, in addition to shared adverse effects (eg,
fatigue, nausea, vomiting, and diarrhea), inhibition of the PI3Ka iso-
form may be associated with hyperglycemia; inhibition of PI3K Biso-
form, with anemia; inhibition of PI3Ky, with hypertension; and block-
ade of PI3K9, withimmunomodulation, leading to skin eruption, liver
dysfunction, pneumonitis, pyrexia, and hematologic toxic effects.®
The PI3K/AKT/mTOR pathway is frequently dysregulated in tu-
mors, and alterations of this signaling pathway have been associ-
ated with resistance to anticancer therapies. Thus, PI3K inhibitors
have been tested in hematologic tumors as well as in breast cancer,
either hormone receptor-positive or HER2-positive breast cancer;
head and neck squamous cell carcinoma; non-small cell lung carci-
noma; and glioblastoma multiforme. Across these studies, PI3Kin-
hibitors showed generally modest activity as monotherapy; how-
ever, promising results have been obtained with PI3K in combination
with other standard treatment. For example, in the recently pre-
sented Study Assessing the Efficacy and Safety of Alpelisib Plus Ful-
vestrantin Men and Postmenopausal Women With Advanced Breast
Cancer Which Progressed on or After Aromatase Inhibitor Treat-
ment (SOLAR-1) trial, alpelisib plus fulvestrant was shown to pro-
vide a progression-free survival benefit in patients with hormone re-
ceptor-positive, HER2-negative advanced breast cancer with PIK3CA
mutations detected in tumor tissue.® On the other hand, the phase
3 Study of Taselisib + Fulvestrant vs Placebo + Fulvestrant in Partici-
pants With Advanced or Metastatic Breast Cancer Who Have Dis-
ease Recurrence or Progression During or After Aromatase Inhibi-
tor Therapy (SANDPIPER) trial tested taselisib in combination with
fulvestrant and showed a modest 2-month benefit in median pro-
gression-free survival for the combination arm in patients with es-

Table 1. Frequency of Common Toxic Effects Associated With Phosphatidylinositol 3-Kinase (PI3K) Inhibitors in Clinical Trials®

Toxic Effect Alpelisib Idelalisib

Copanlisib Buparlisib

PI3Ka inhibitor PI3K® inhibitor

All grades, 51%”; all grades, NR
62%%; all grades, 59%°;
grade >3:26%’

All grades: 42%7 (11)

PI3K isoform specificity
Hyperglycemia, %

Cutaneous reactions

All grades: 21%*4

Pan-PI3K inhibitor
All grades: 12%2; all grades 58%*3

PI13Ka,d inhibitor
All grades: 57%%°; grade >3:
41%*

Grade 3: 2.8%'%; grade 4: All grades: 30%*°

0.6%"*
Hypertension NR NR All grades 30%6; all grades NR
54.8%'°; grade >3: 24%'%17;
grade >3: 40.5%1°
Pneumonitis NR All grades: 25%*7 All grades 5%?; grade >3: NR
15%17
Neuropsychiatric effects NR NR NR Confusion grade >3: 10%*%; suicidal
ideation: 2%'2; depression: 3.3%'°;
anxiety: 3.9%'°
Hepatotoxic effects NR Grade >3: 14%'7; all NR Grade >3: 25%2%; grade >3: 20%'2

grades: 41%-50%"7

Diarrhea All grades: 46%

Grade >3: 14%-19%'  NR NR

Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events; NR,
not reported or reported frequency rate less than 1%.

2 The grades listed are CTCAE grades, for which the toxic effects are as follows:
Grade 1, mild: asymptomatic or mild symptoms; clinical or diagnostic
observations only; intervention not indicated. Grade 2, moderate: minimal,

local or noninvasive intervention indicated:; limiting age-appropriate
instrumental ADL. Grade 3, severe or medically significant but not immediately
life-threatening: hospitalization or prolongation of hospitalization indicated,
disabling, or limiting self-care ADL. Grade 4, life-threatening consequences:
urgent intervention indicated.
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Figure. Overview of Phosphatidylinositol 3-Kinase/Mammalian Target of Rapamycin (PI3K/mTOR) Pathway

and of PI3K Inhibitors Approved or in Phase 2 or 3 of Clinical Development
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classes (I, 11, and IIl) that differ for
coding genes, structures, and
substrate preference. Class | isoforms
are further divided according to their
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composed of a catalytic subunit (p110
with 3 isoforms: p110a, p110p, and
p1109d), and a regulatory subunit
(p85) and class IB (p110y), which
binds to p87 and p101. Pan-PI3K
inhibitors block, to some degree, the
catalytic activity of all 4 PI3K class |
isoforms (p110a, p110, p110y, and
p110d). The only approved agents are
idelalisib, a selective PI3K& inhibitor,
and copanlisib dihydrochloride, an

N

‘ Cell proliferation and survival ‘

inhibitor of PI3Ka as well as PI3Kd
isoforms. AKT indicates protein

kinase B; PIP,, phosphatidylinositol
bisphosphate.

2 Approved.
®No further development.

trogen receptor-positive, PIK3CA-mutant locally advanced or meta-
static breast cancer at the cost of more severe serious adverse effects,
notably gastrointestinal toxic effects.'®

Methods

On August 29, 2018, we searched PubMed, draft-prescribing infor-
mation of currently approved PI3Kinhibitors, European Medical As-
sociation and US Food and Drug Administration (FDA) product in-
formation, and expert panel opinion on the management of the most
common toxic effects of this class of agents. The search terms used
were combinations of PI3K inhibitors, toxic effects, management,
product information. We reviewed published clinical trials, focus-
ing on the incidence and management of the main toxic effects re-
lated to PI3K inhibitors.

|
Management of the Most Relevant Toxic Effects

Although guidelines have been established for idelalisib and copan-
lisib, formal guidelines for the identification and management of ad-
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ditional toxic effects associated with PI3K inhibitors have yet to be
generated and made available to treating physicians. Below, we pro-
pose a potential algorithm for the management of some particular
toxic effects associated with the use of PI3K inhibitors'7:25-26
(Table 2).

Hyperglycemia

Hyperglycemia typically occurs within the first month of treat-
ment, and it is mainly expected as an adverse event associated with
the inhibition of the PI3Ka subunit, which has a key role in insulin
signaling and glucose homeostasis. In a phase 2 clinical trial with
alpelisib, hyperglycemia of all grades was described in 69 of 134 pa-
tients (51.5%), being the most frequent grades 3 and 4 treatment-
related adverse event and dose-limiting toxic effects.” Twenty-six
of 43 patients (60.4%) treated with alpelisib in combination expe-
rienced mild to moderate hyperglycemia; 16 of 26 (61.5%) receiv-
ing alpelisib and letrozole; and 10 of 17 (58.8%) receiving alpelisib
plus TDM1.*%7 |n a phase 2 trial investigating copanlisib for hema-
tologic cancers, the incidence of hyperglycemia as a treatment-
related adverse event was 57.1%, with a severity of grade 3 or greater
in 23.8% of the patients who experienced hyperglycemia." Simi-
larly, the phase 2 Open-Label, Uncontrolled Phase Il Trial of Intra-
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Table 2. Management Recommendations for Common Nonautoimmune and Noninfectious Toxic Effects Observed With PI3K Inhibitors®

CTCAE Grade of
Toxic Effects®  Hyperglycemia Cutaneous Reactions Hypertension Diarrhea Neuropsychiatric Symptoms
Grade 1 Maintain drug and counsel ~ Maintain drug Maintain drug treatment Maintain drug Monitor closely; consider
patient on lifestyle treatment; initiate and follow up; medical treatment; psychiatric referral
changes; consider adding topical corticosteroid intervention not indicated  antidiarrheal
metformin hydrochloride therapy; for patients medication
in cooperation with with symptoms, such as recommended at first
diabetologist burning or pruritus, add sign of abdominal
antihistamine to therapy cramping, loose stools,
or overt diarrhea
Grade 2 Maintain drug and counsel ~ Maintain drug Maintain drug treatment Stop drug treatment Stop drug treatment and order
patient of lifestyle treatment; initiate and start antihypertensive  until resolved evaluation by psychiatrist
changes; start oral topical corticosteroid treatment to < grade 1 before restarting drug
antidiabetic treatment; if ~ therapy; for patients treatment; consider initiating
FPG level is still increasing  with symptoms, such as appropriate psychiatric therapy,
with maximum tolerated burning or pruritus, add such as a selective serotonin
dose of metformin or antihistamine to reuptake inhibitor or serotonin
persistently >160 mg/dL,  therapy; consider adding and norepinephrine reuptake
add an insulin-sensitizer systemic corticosteroids inhibitor
(eg, pioglitazone, 30 mg)  to therapy
Grade 3 Stop drug treatment until ~ Stop drug treatment Stop drug treatment and Stop drug treatment Withhold drug treatment and
resolved to < grade 1; until skin eruption or consider inpatient until resolved admit patient to hospital for
treat electrolyte toxic effect is no longer ~ management to < grade 1, then psychiatric evaluation
disturbances as clinically active but fading (grade consider restarting
appropriate; start 1); initiate topical and treatment at reduced
metformin therapy and systemic corticosteroid dosage
titrate as outlined for therapy; for patients
grade 2, add pioglitazone  with symptoms, such as
as outlined for grade 2; burning or pruritus, add
insulin may be used for 1-2 antihistamine to therapy
d until hyperglycemia
resolves; if FPG level
resolves to < grade 1,
consider reducing drug
dosage
Grade 4 Permanently stop drug Permanently stop drug Permanently stop drug Stop drug until resolved  Withhold drug treatment and
treatment treatment treatment to < grade 1; consider ~ admit patient to hospital for

restarting drug
treatment at reduced
dosage

psychiatric evaluation

Abbreviations: ADL, activities of daily living; CTCAE, Common Terminology
Criteria for Adverse Events; FPG, fasting plasma glucose.

Sl conversion factor: To convert the serum glucose level to millimoles per liter,
multiply by 0.0555.

2 Data compiled from Dreyling et al,'* Bayer HealthCare Pharmaceuticals,? Le
Blanc et al,” and Vecchione et al.?®

bSee the footnote to Table 1for CTCAE grades' toxic effects.

venous PI3K Inhibitor BAY80-6946 in Patients With Relapsed, In-
dolent, or Aggressive Non-Hodgkin's Lymphomas (CHRONOS-1) trial,
which led to FDA approval of the drug, showed a grade 3 or 4 tran-
sient hyperglycemia in 41% of patients.™ Development of buparl-
isib has been interrupted because of the high levels of toxic effects
and modest antitumor activity. Again, across phases 2 and 3 clinical
trials with this agent, all-grade hyperglycemia was reported as one
of the most frequent adverse events, with anincidence ranging from
12% to 58%.%829 Given the frequency of hyperglycemia as an ad-
verse event, patients should be screened for a history of diabetes
orinsulin resistance before beginning therapy with PI3K inhibitors.
Patients who experience hyperglycemia should always be in-
structed to follow dietary guidelines. This toxic effect is usually man-
ageable with the use of antidiabetic treatment, starting with oral
medication. The treatment goals for glycemic control should be a
fasting serum glucose level of less than 160 mg/dL (to convert to mil-
limoles per liter, multiply by 0.0555), random serum glucose level
of less than 200 mg/dL, and glycated hemoglobin (HbA,.) level of
8% or less (to convert to a proportion of 1, multiply by 0.01) to pre-
vent acute and subacute complications of hyperglycemia.3° Gen-
eral recommendations about management of hyperglycemia in-
duced by PI3K inhibitors are summarized in Table 2.
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Cutaneous Reactions

Cutaneous reactions have been reported in 310f 146 patients (21.2%)
treated with idelalisib monotherapy; of these, 4 (2.7%) were grade
3or higher.3' A case of toxic epidermal necrolysis occurred in astudy
in which idelalisib was combined with bendamustine plus
rituximab.3233 Grade 3 cutaneous toxic effects occurred in 2.8% and
grade 4 cutaneous toxic effects occurred in 0.6% of 317 patients
treated with copanlisib monotherapy.”#2> The most frequent cu-
taneous toxic effects reported in clinical trials with PI3K inhibitors
were maculopapular eruption, pruritus, and dry skin. The onset is
typically within the first 2 months of treatment, and it is usually man-
ageable with adequate concomitant medication. Skin reactions tend
to fade slowly across 10 days or more. For Common Terminology Cri-
teria for Adverse Events grades 1and 2 reactions, the recommen-
dation is to monitor the reaction closely. In case of cutaneous toxic
effects of grade 3 or higher, treatment interruption and eventual dose
reduction is required. Severe cutaneous reactions, such as Stevens-
Johnson syndrome or erythema multiforme, have been described.
Consultation with a dermatologist is highly recommended for bet-
ter assessment and management of PI3K-induced skin toxic ef-
fects. Recommended therapies include topical corticosteroids, oral
antihistamines, and low-dose oral corticosteroids. If skin lesions are
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still not controlled, topical antibiotics, oral antibiotics (100 mg of
doxycycline twice daily; 100 mg of minocycline twice daily), topical
antipruritic agents, and y-aminobutyric acid agonists may be con-
sidered. Dry skin has commonly been observed; thus, it is recom-
mended that patients use fragrance-free soaps and mild moisturiz-
ers (eg, ammonium lactate cream, 12%).%>>4

Hypertension

Some studies demonstrated the expression of PI3Ky in endothelial
cells and vascular smooth muscle cells.3> The isoform PI3Ky is in-
volved in blood pressure homeostasis by regulating vascular func-
tion and, particularly, myogenic tone through regulation of calcium
channels functions via AKT signaling.'®"” PI3K, expressed in vascu-
lar smooth muscle cells, has a crucial role in maintaining the bal-
ance between vasoconstriction and vasorelaxation induced by G-
protein-coupled receptor agonist angiotensin I1.2° It is plausible that
hypertensionis also characterized by immune cells' infiltrationin pe-
ripheral target organs.3® Insulin-dependent vasoconstriction has
been suggested as another possible mechanism for PI3K inhibitor-
associated hypertension.3” Hypertension has been mainly associ-
ated with the use of copanlisib. In 2 phase 2 clinical trials of copan-
lisib, incidence of transient hypertension was reported in 30% of
patientsin one of the trials'* and 54.8% of patients in the other trial."
In 2 trials, hypertension of grade 3 or higher was reported respec-
tively in 24%'* and 40.5%" of patients. According to recommen-
dations from the FDA package insert and prescribing information for
copanlisib, optimal blood pressure control (<140/90 mm Hg) should
be achieved before starting each infusion of the drug. Blood pres-
sure before and after infusion should be carefully monitored.3* Co-
panlisib should be withheld for any preinfusion blood pressure of
150/90 mm Hg or higher until blood pressure is lowered on 2 con-
secutive measurements at least 15 minutes apart. If the blood pres-
sure after the dose is 150/90 mm Hg or higher with no evidence of
end-organ damage, an antihypertensive treatment may be consid-
ered and a dose reduction should be discussed. In case of life-
threatening consequences, severe hypertension, or uncontrolled
blood pressure despite optimal treatment, copanlisib therapy should
be discontinued.

Pneumonitis

Pneumonitis, including fatal cases, has occurred in patients treated
with drugs targeting the PI3K/AKT/mTOR pathway. Among 146 pa-
tients receiving idelalisib monotherapy, pneumonitis was reported
in37(25.2%).38 Across clinical trials, 24 of 760 patients (3.1%) treated
with idelalisib in monotherapy or combination therapy experi-
enced noninfectious pneumonitis, with a fatal outcome in 3 pa-
tients. Results from autopsy revealed findings consistent with hy-
persensitivity pneumonitis.394° In a phase 2 study investigating the
combination of idelalisib and entospletinib, high rates of autoim-
mune pneumonitis were reported; in the peripheral blood of af-
fected patients, elevated levels of the helper T cell subtype 1-asso-
ciated cytokines interferony, interleukin 6 (IL-6), IL-7, and IL-8 were
found.*' Similarly, noninfectious pneumonitis occurred in 317 pa-
tients (5%) treated with copanlisib monotherapy."'*2> The mecha-
nisms and management of PI3K inhibitor-induced pneumonitis have
not fully been elucidated. However, reports of pneumonitis are con-
sistent with the ones associated with the use of mTOR inhibitors for
which guidelines have already been suggested.'® The US prescrib-
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inginformation for idelalisib and copanlisib®®->& recommends a care-

ful monitoring of respiratory tract symptoms in patients receiving
PI3Kinhibitors. New-onset cough, dyspnea, hypoxia, interstitial in-
filtrates on a radiologic examination, or a greater than 5% decline
in oxygen saturation requires an immediate evaluation for pneumo-
nitis and drug interruption until the cause has been determined. The
diagnostic workup may include high-resolution computed tomog-
raphy of the chest and eventual bronchoscopy or bronchoalveolar
lavage. Different possible causes of pneumonitis should be consid-
ered, including autoimmune pneumonitis, infectious disease, even
opportunistic, and patients should be tested for Pneumocystis jir-
ovecii pneumonia and cytomegalovirus infections. Once infectious
pneumonia has been ruled out, treatment with corticosteroids could
be administered in addition to antibiotics. After diagnosis, manage-
ment depends on the toxic effect grade and may include interrup-
tion of treatment.34-3942

Neuropsychiatric Effects

Depression, anxiety, and confusion have been observed with PI3K
inhibitors, especially with buparlisib.’ In the study of Younes et al,™
some neuropsychiatric effects were reported in up to one-third of
patients, with a grade 3 or higher confusion in up to 10%. The patho-
genesis of neuropsychiatric effects is not well understood. How-
ever, mood alterations associated with buparlisib treatment may re-
flect the capacity of this PI3K inhibitor to cross the blood-brain
barrier.*? In the phase 3 Study of BKM120 With Fulvestrant in Pa-
tients With HR+,HER2-, Al Treated, Locally Advanced or Metastatic
Breast Cancer Who Progressed on or After mTORi (BELLE 3),%8 su
cidal ideation was reported in 5 of 288 postmenopausal women
(1.7%) randomly assigned to receive buparlisib and fulvestrant, with
3suicide attempts. Similarly 3 of 573 patients (0.5%) enrolled in the
Phase 3 Study of BKM120/Placebo With Fulvestrant in Postmeno-
pausal Patients With Hormone Receptor Positive HER2-Negative Lo-
cally Advanced or Metastatic Breast Cancer Refractory to Aro-
matase Inhibitor (BELLE 2) experienced suicidal ideation.** In a
systematic review and meta-analysis, the addition of PI3K inhibi-
tors resulted in a significant increased risk of depression (odds ra-
tio [OR], 9.72; 95% Cl, 2.67-35.35) and anxiety (OR, 5.84; 95% Cl,
2.39-14.28)*°; overall, grade 3 or higher depression occurred in 30
of 1571 patients (1.9%); with anincidence of 3.3% in patients treated
with PI3K inhibitors plus endocrine therapy compared with 0.3%in
the endocrine therapy alone arm. Toimprove awareness among can-
cer care practitioners, the American Society of Clinical Oncology re-
leased a guideline adaptation on screening, assessment, and care
of depressive symptoms and anxiety in patients with cancer.*® Care
should be taken in screening all patients for psychiatric history, with
particular consideration given to any history of depression or bipo-
lar disorder at baseline. In patients with mood or neuropsychiatric
symptoms higher than grade 2, PI3K inhibitors should be withheld
and a psychiatric evaluation should be performed. Suicidal ide-
ation or homicidal ideation should prompt immediate psychiatric
evaluation.

Hepatotoxic Effects

Severe autoimmune transaminitis has been described with idelal-
isib use; also copanlisib and buparlisib treatment have been corre-
lated with hepatotoxic effects, although generally of lesser sever-
ity. Elevations in alanine aminotransferase (ALT) or aspartate

JAMA Oncology Published online March 28, 2019

E5

OUTPUT: Mar 4 14:50 2019


http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2019.0034

E6

jamanetwork/2019/onc/03_28_2019/crv190001pap

Clinical Review & Education Review

aminotransferase (AST) more than 5 times the upper limit of the nor-
mal range have been observed within the first 12 weeks of
treatment.?>8 Most transaminase elevations were reversible with
dose interruption for idelalisib-treated patients.3® Across idelalisib
clinical trials, serious adverse events of transaminitis treatment were
reported in 109 of 760 patients (14.3%), with 1 death (1 of 1192
[0.08%]) in a patient who received idelalisib in combination with
ofatumumab in an ongoing phase 3 clinical trial.>® Most patients
(73.9%) withincreased ALT and AST levels restarted idelalisib treat-
ment at a lower dose without recurrence; however, 198 of 760
(26.0%) had arecurrence of elevated ALT and AST levels despite the
lower dose.>® Among 24 patients with relapsed or refractory chronic
lymphocytic leukemia treated with idelalisib, 19 (79%) experi-
enced a transaminase level elevation. Previously untreated disease
and younger age were shown to be associated with anincreased risk
of autoimmune toxic effects.*” Patients experiencing hepatotoxic
effects had significantly higher levels of the proinflammatory cyto-
kines CCL-3 and CCL-4. Liver biopsy specimens from these patients
showed an increased infiltrate of CD8" cytotoxic T cells. In a phase
3 clinical trial, 110 patients with chronic lymphocytic leukemia were
treated with idelalisib plus rituximab, and hepatotoxic effects were
one of the most common adverse effects that led to idelalisib dose
reduction and treatment discontinuation.*® In the BELLE 2 trial**
and BELLE 3 trial,?® patients treated with buparlisib experienced
grade 3 or 4 of transaminitis in up to 25% and 20% of the cases, re-
spectively. The phase 2 Neoadjuvant Trastuzumab + BKM120 in Com-
bination With Weekly Paclitaxel in HER2-Positive Primary Breast Can-
cer (NeoPHOEBE) neoadjuvant study was designed to evaluate the
combination of buparlisib with trastuzumab and paclitaxel in pa-
tients with HER2-positive breast cancer; after enrollment of the first
50 patients, recruitment was stopped because of hepatotoxic
effects.*® The expert panel recommends monitoring ALT and AST
concentrations every 2 weeks for the first 3 months of treatment,
followed by amonthly assessment for the next 3 months and every
1to 3 months thereafter. The frequency of monitoring should be
weekly in any instance of ALT or AST concentrations greater than 3
times the upper limit of the reference range until resolved. If the
transaminase level elevationis 3to 5 times the upper limit of the ref-
erencerange, idelalisib treatment can be continued at its current dos-
age, but ALT and AST levels must be monitored weekly until nor-
malization. If the ALT or AST level is more than 5 times the upper
limit of the reference range, idelalisib treatment should be with-
held and eventually restarted at a reduced dosage once all liver func-
tion test results normalize. Patients who experience severe trans-
aminitis (ie, values >20 times the upper limit of the reference range)
should permanently discontinue therapy. A similar approach is rec-
ommended for hepatotoxic effects associated with the use of other
PI3K inhibitors.34

Diarrhea and Colitis

Immune-mediated colitis from PI3K inhibitors manifests initially as
nonbloody and watery diarrhea that does not respond to antimo-
tility agents. In some studies, colonic biopsy specimens of patients
experiencing idelalisib-related diarrhea revealed neutrophilic infil-
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tration, intraepithelial ymphocytosis, and crypt cell apoptosis.>©->2

Across clinical trials with idelalisib, 14% to 19% of patients experi-
enced grade 3 or 4 diarrhea and colitis.>® Intestinal perforation oc-
curred in 6 of 1192 patients (0.5%) treated across phases 1,2, and 3
trials.>® Diarrhea can be divided into 2 groups: the first is typically
self-limited, responds well to antimotility agents, and occurs within
the first 8 weeks of initiation of therapy (median [range], 1.9 [0.0-
29.8] months). The second type occurs at a median [range] time of
71[0.0-15.2] months after start of treatment and responds poorly
toantimotility agents.>® Across several clinical trials, there were 106
cases of grade 3 or higher colitis requiring interruption of therapy.
Diarrhea during treatment with PI3Kinhibitors should prompt evalu-
ation for other causes—including dietary factors, infection, and medi-
cations—followed by diagnostic testing with Clostridium difficile test-
ing, stool culture, and colonoscopy for atypical or refractory cases.
PI3K inhibitor therapy should be immediately interrupted in pa-
tients experiencing unresolved grade 2 or any episodes of grade 3
or higher diarrhea after exclusion of infectious diarrhea; the diar-
rhea should be treated with budesonide, 9 mg daily, or predniso-
lone, 1mg/kg daily, until symptoms diminish to grade 1or lower.3°

|
Conclusions

In recent years, only idelalisib and copanlisib have been approved
by the FDA for clinical use in the treatment of patients with hema-
tologic cancers.*3948:5354 Qyerall, the clinical development of most
PI3K inhibitors has been discontinued owing to insufficient activ-
ity, problematic toxic effects, and the absence of biomarkers corre-
lated with clinical activity. Knowledge of the isoforms and their dis-
tribution in tissue can help clinicians anticipate toxic effects. Notably,
novel, more specificinhibitors for individual isoforms of PI3K showed
therapeutic activity with improved toxic effect profiles compared
with non-isoform-selective agents.>> Alpelisib is the first PI3Ka in-
hibitor to demonstrate clinical progression-free survival improve-
ments in metastatic hormone receptor-positive, HER2-negative
breast cancer with activating PIK3CA mutations. These results sug-
gest that isoform-specific PI3K inhibitors display greater clinical ac-
tivity and a more favorable safety profile.® In addition, in this trial,
life-threatening toxic effects or major toxic effects that would be ex-
pected to affect the quality of life of patients were not reported. If
approved, alpelisib will necessitate testing patients for PIK3CA mu-
tations in routine practice—a major change in the current diagnos-
tic workup for breast cancer. For example, alpelisib has recently
shown activity in 19 patients affected by CLOVES syndrome (con-
genital lipomatous overgrowth, vascular malformations, epider-
mal nevi, scoliosis, and skeletal and spinal syndrome), a genetic dis-
order resulting from somatic, mosaic gain-of-function mutations of
the PIK3CA gene.>® The next stepin the clinical development of PI3K
inhibitors might be focused on the exploration of new dosage sched-
ules, the investigation of combinations that overcome PI3K resis-
tance, and the identification of predictive biomarkers of clinical ac-
tivity. The identification of tumors harboring specific PI3K pathway
alterations may lead to a more personalized treatment.
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