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Purpose: The oral, a-specific phosphatidylinositol-3-kinase (PI3Ka) inhibitor alpelisib is the first PI3K
inhibitor approved for the treatment of advanced breast cancer. As alpelisib is a relatively new thera-
peutic option, specific guidance and a multidisciplinary approach are needed to provide optimal patient
care. The primary objective of this manuscript is to provide comprehensive guidance on minimizing and
managing adverse events (AEs) for patients with advanced breast cancer who are receiving alpelisib.
Methods: Clinical studies, prescribing information, published literature, and relevant guidelines were
reviewed to provide recommendations on the prevention and management of alpelisib-associated AEs.
Results: The most common AEs associated with alpelisib in the phase 3 SOLAR-1 trial were hypergly-
cemia and rash (which are considered on-target effects of PI3Ka inhibition) and gastrointestinal AEs,
including diarrhea, nausea, and decreased appetite. These AEs require regular monitoring, early recog-
nition, and prompt initiation of appropriate treatment. In addition, there are effective strategies to reduce
the onset and severity of frequently observed AEsdin particular, onset of hyperglycemia and rash may be
reduced by lifestyle changes (such as reduced intake of carbohydrates and regular exercise) and anti-
histamine prophylaxis, respectively. To reduce risk of severe hyperglycemia, it is essential to achieve
adequate glycemic control prior to initiation of alpelisib treatment.
Conclusion: Overall, alpelisib-associated AEs are generally manageable with prompt recognition, regular
monitoring, and appropriate intervention, preferably with a multidisciplinary approach.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

1.1. The phosphatidylinositol-3-kinase (PI3K) pathway in breast
cancer

The PI3K pathway is the most frequently dysregulated pathway
implicated in the development of breast cancer [1]. The PI3Ks are a
family of lipid kinases that composes a major intracellular signaling
pathway that responds to extracellular stimuli, nutrients, hor-
mones, and growth factors, and regulates cellular proliferation,
differentiation, growth, and migration [1e3]. Overactivation of this
pathway has been associated with oncogenesis and resistance to
endocrine, human epidermal growth factor receptor 2 (HER2)-
directed, and cytotoxic therapy in breast cancer [1,3].

Among the three classes of PI3Ks (I-III), class I PI3Ks are often
abnormally activated in breast cancer [1,2,4]. Class IA PI3Ks form a
heterodimer consisting of a regulatory subunit (p85) and a catalytic
subunit (p110). The catalytic p110a, p110b, and p110d subunits are
encoded by PIK3CA, PIK3CB, and PIK3CD, respectively [1e3]. PIK3CA
mutation is the most common alteration of this pathway linked to
breast cancer, with �80% of mutations occurring within the helical
(E542K and E545K) and kinase (H1047R) domains of p110a [1,4e6].
PIK3CA mutation has been reported in 20%e40% of breast cancers,
but the incidence differs across breast cancer subtypes [5,7].

1.2. Alpelisib clinical trial results

Alpelisib is an a-selective PI3K inhibitor (PI3Ki) that inhibits
p110a 50 times more potently than other isoforms [8,9]. The safety
and efficacy of alpelisib in combination with fulvestrant were
evaluated in the phase 3 SOLAR-1 trial of patients with PIK3CA-
mutated, hormone receptor-positive (HRþ), HER2e advanced
breast cancer who had received prior endocrine therapy. In the
PIK3CA-mutated cohort, longer median progression-free survival
was observed in patients treated with alpelisib plus fulvestrant
(n ¼ 169) compared with placebo plus fulvestrant (n ¼ 172) (11 mo
vs 5.7 mo; hazard ratio [HR] 0.65, P < 0.001). The most common
adverse events (AEs) reported in the safety population for alpelisib
(n ¼ 284) and placebo groups (n ¼ 287) were hyperglycemia,
diarrhea, nausea, decreased appetite, rash, or maculopapular rash.
Serious AEs were reported by 99 (34.9%) alpelisib-treated patients
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and 48 (16.7%) placebo-treated patients. Dose interruption due to
AEs occurred in 189 (66.5%) alpelisib-treated patients and 40
(13.9%) placebo-treated patients, whereas dose reductions due to
AEs occurred in 164 (57.7%) alpelisib-treated patients and 13 (4.5%)
placebo-treated patients. Permanent discontinuation due to AEs
occurred in 71 alpelisib-treated patients (25%) and 12 placebo-
treated patients (4.2%). The most common AEs leading to discon-
tinuation of alpelisib were hyperglycemia (18 patients, 6.3%) and
rash (9 patients, 3.2%) [8].

Alpelisib plus fulvestrant is indicated for the treatment of
postmenopausal women, and men, with HRþ, HER2e, PIK3CA-
mutated, advanced or metastatic breast cancer following progres-
sion on or after an endocrine-based regimen [10]. Although AEs
associated with PI3Kis are not unique, proactive management is
critical to minimize their incidence and severity and allow patients
to stay on treatment longer. Because alpelisib is a relatively new
treatment, and many physicians have limited experience with
PI3Kis, oncologists and other healthcare providers managing pa-
tients with breast cancer likely need further guidance in managing
these AEs.

2. Incidence, etiology, and management of adverse events
associated with alpelisib

2.1. Hyperglycemia

Due to the high risk of developing severe hyperglycemia and
lack of clinical safety data available, patients with pre-existing or
new diagnosis of diabetes should only initiate alpelisib after good
glycemic control is achieved.

Under normal fed conditions, insulin acts via intracellular PI3K
to suppress glucose production by the liver and enhance glucose
uptake from the blood into adipose tissue and skeletal muscle, the
major sites of glucose disposal [4,6,11]. In diabetes, absolute or
relative insulin deficiency results in hyperglycemia. According to
the American Diabetes Association, diabetes is diagnosed if patients
have�1 of the following: fasting plasma glucose (FPG)�126 mg/dL
(7.0 mmol/L), glycosylated hemoglobin (HbA1c) �6.5% (48 mmol/
mol), 2-h plasma glucose (PG) �200 mg/dL (11.1 mmol/L) by oral
glucose tolerance test (OGTT), or classic symptoms of hyperglyce-
mia (polyuria, polydipsia) and a random PG � 200 mg/dL



H.S. Rugo, M.E. Lacouture, M.D. Goncalves et al. The Breast 61 (2022) 156e167
(11.1 mmol/L). The cutoff values for prediabetes are FPG
100e125 mg/dL (5.6e6.9 mmol/L), HbA1c 5.7%e6.4%
(39e47 mmol/mol), or 2-h PG during 75 g OGTT of 140e199 mg/dL
(7.8e11.0 mmol/L) [12].

2.1.1. Etiology and incidence
Phosphatidylinositol-3-kinase inhibitors block the intracellular

action of insulin on the liver and skeletal muscle, thereby creating a
transient state of insulin resistance [6]. Therefore, hyperglycemia is
an expected “on-target” effect of PI3K inhibition, especially for in-
hibitors of PI3Ka, which plays a key role in glucose homeostasis
[6,9]. It has been shown that inhibition of mammalian target of
rapamycin (mTOR), which is downstream of PI3K, increases hepatic
glycogen breakdown (and glucose release) and decreases glucose
uptake into skeletal muscle [13].

Patients with b-cell dysfunction and insulin-resistance are at
higher risk for PI3Ki-associated hyperglycemia [6]. Phosphatidyli-
nositol-3-kinaseeinduced hyperglycemia tends to be temporary as
it activates a feedback mechanism leading to higher circulating
insulin levels, restoring glucose homeostasis. There is also pre-
clinical evidence that hyperinsulinemia can lead to partial reac-
tivation of PI3K signaling; hence, administering insulin may
theoretically interfere with the therapeutic activity of alpelisib [4].
However, further research is needed as there are currently no
clinical data relating endogenous insulin levels in alpelisib-treated
patients with clinical outcomes.

Hyperglycemia at any grade was reported in 65% of alpelisib-
treated patients, and 37% experienced grade �3 hyperglycemia
(definitions of hyperglycemia grades found in Fig. 1). Median time
to onset for grade �2 hyperglycemia was 15 days [10]. Treatment
discontinuation was reported in 6.3% and 4.2% of alpelisib-treated
patients due to any-grade and grade �3 hyperglycemia, respec-
tively [8]. Identification of patients at risk and optimal management
are therefore critical in maintaining therapeutic doses of alpelisib
and avoiding unnecessary toxicity.

2.1.2. Monitoring
Assess all patients for the risk of developing diabetes prior to

initiating alpelisib, which includes thorough history taking, phys-
ical examination, and laboratory assessments as listed in Fig. 1a
[12,14]. Optimization of blood glucose is necessary before initiating
alpelisib treatment. Counsel patients on the symptoms of hyper-
glycemia. The safety of alpelisib in patients with diabetes mellitus
type I or uncontrolled type II has not been established, as these
patients were excluded from the SOLAR-1 and BYLieve trials
[8,10,38]. In SOLAR-1, patients with HbA1c 6.5%e7.9% were initially
allowed to enter the trial, but the study protocol was eventually
amended to only include patients with HbA1c � 6.5% and FPG
�140 mg/dL. This was because patients with an HbA1c of 6.5%e
8.0% were found to have an increased risk of developing grade �3
hyperglycemia [8]. Incidence of severe hyperglycemia (40.3% vs
32.9%) and discontinuation due to hyperglycemia (any grade: 9% vs
3.6%; grade 3/4: 5.6% vs 2.9%) were lower in the second half
compared with the first half of patients randomized to alpelisib in
SOLAR-1 [39]. This is likely due to protocol change and adjustments
to monitoring and management of hyperglycemia. Overall, patients
with HbA1c � 6.5% at baseline should not initiate alpelisib until
good glycemic control is achieved. However, patients with well-
controlled type II diabetes (on medication) with HbA1c � 7% at
baseline may initiate alpelisib. Despite risk of PI3Ki-associated
hyperglycemia, patients with controlled diabetes are already
accustomed to managing blood sugar and may only require
changes to treatment regimen. Encourage patients with prediabe-
tes who are obese or overweight to lose weight (the American
Diabetes Association recommends 7% loss of initial body weight). In
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patients who are able, encourage �150 min/week of moderate- to
vigorous-intensity aerobic exercise spread over �3 days/week [12].
Advise patients to have a low-carbohydrate diet.

Closely monitor patients who are at risk for prediabetes and
type II diabetes to allow early detection and prompt management
of hyperglycemia, preferably in collaboration with an endocrinol-
ogist specializing in diabetic management or an oncologist with
experience in treating patients with alpelisib [8]. One week prior to
initiating alpelisib, patients at high risk should be instructed to do
home glucose monitoring (fasting/random) with fingerstick blood
glucose (FSBG) at least daily or home continuous interstitial glucose
monitoring (eg, FreeStyle Libre monitoring system). Instruct pa-
tients to contact their healthcare provider for FSBG consistently
>160 mg/dL. Glycated albumin and fructosamine are alternative
markers of glycemia that can be monitored (usually by endocri-
nologists) at baseline and every 2 weeks for patients at high risk for
diabetes [40]. Assess FPG and HbA1c at baseline for all patients.
Only patients with baseline HbA1c <6.5% (�7% if with pre-existing
diabetes) should initiate alpelisib. Monitor blood glucose (fasting/
random) at least once a week for the first 2 weeks, then at least
once every 4 weeks, or at each visit, and as clinically indicated.
Monitor HbA1c every 3 months, or as clinically indicated [10]
(Fig. 1b) [12,14].

Individualize on-treatment glycemic targets based on prognosis
and quality-of-life considerations. In healthier patients with a good
prognosis, the recommended goals are premeal 90e130 mg/dL
(5e7.2 mmol/L), 90e150 mg/dL (5e8.3 mmol/L) at bedtime, or
HbA1c <7.5% (58 mmol/mol). Glycemic targets should be less
stringent in patients who are frail and/or have poorer prognosis, as
tight glycemic control may require excessive doses of anti-
hyperglycemia medications or insulin. The recommended goals for
those patients are premeal 100e180 mg/dL (5.6e10 mmol/L),
110e200 mg/dL (6.1e11.1 mmol/L) at bedtime, or HbA1c <8.5%
(69 mmol/mol) [12]. If glycemic targets are not achieved, further
action (including dose interruption and/or treatment discontinua-
tion) may be required.

2.1.3. Prevention and management
In addition to proper patient selection and appropriate medical

management, the most powerful way to limit PI3Ki-associated
hyperglycemia is to implement lifestyle changes that deplete he-
patic glycogen. In animal models, hyperglycemia resulting from
inhibition of the PI3K/protein kinase B pathway was mitigated by a
period of fasting before the drug was dosed [41]. Fasting depletes
hepatic glycogen; this deficit improved hyperglycemia in humans
treated with other PI3K pathway inhibitors [41,42]. Hepatic
glycogen starts to be depleted after 12 h of consecutive fasting
(restricting food but not water) or with the application of a fasting-
mimicking diet [43,44]. The ketogenic diet is similar to a fasting-
mimicking diet due to its low carbohydrate composition but is
high-fat and without calorie restriction [44]. Preclinical evidence
demonstrated that ketogenic diet was able to reduce spikes in
serum insulin and glucose and suppress downstream PI3K/mTOR
signaling in PI3Ki-treated mice better than metformin, and also
improve response to PI3Ki in multiple tumor types including breast
cancer [4,45,46]. However, ketogenic diet is also associated with
gastrointestinal (GI) symptoms, weight loss, and altered bowel
habits [47]. We recommend �12 h (overnight) of daily consecutive
fasting for patients who develop hyperglycemia while taking
alpelisib. Alpelisib should be taken with food; hence, we recom-
mend it be taken with a low-carbohydrate meal such as full-fat
Greek yogurt (no sugar) or cheese omelet.

Instruct patients to follow American Diabetes Association or
similar dietary guidelines. It is recommended that patients using
insulin count carbohydrates. Limiting carbohydrates to <100 g can



Fig. 1. Management of alpelisib-associated hyperglycemia: [a] Lifestyle modifications and baseline glucose monitoring recommendations prior to initiating alpelisib treatment; [b]
monitoring during alpelisib treatment; [c] hyperglycemia management recommendations; and self-monitoring guidelines during alpelisib treatment (severity based on CTCAE
v4.03) [d] complications of hyperglycemia including ketoacidosis [10,12,14e16]. 1 L, first-line; 2 L, second-line; BG, blood glucose; BID, twice daily; BMI, body mass index; BP, blood
pressure; CTCAE, Common Terminology Criteria for Adverse Events; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; FSBG, fingerstick
blood glucose; GA, glycated albumin; HbA1c, glycosylated hemoglobin; HDL, high-density lipoprotein; IV, intravenous; OD, once daily; PCOS, polycystic ovarian syndrome; PI3K,
phosphatidylinositol-3-kinase; SGLT2i, sodium-glucose co-transporter 2 inhibitor. aMay be done more frequently as clinically indicated. bAssess eGFR prior to initiation of met-
formin; do not initiate metformin in patients with eGFR 30e45 mL/min/1.73 m2 but consider 50% dose reduction in patients already on metformin and monitor renal function every
3 months. Metformin is contraindicated in patients with eGFR <30 mL/min/1.73 m2 (see Table 1 [12,15e37] for further details) [18,19]. Initiate metformin at 500 mg OD before
dinner, increasing to 500 mg BID (before breakfast and dinner) as tolerated. May increase to 500 mg at before breakfast then 1000 mg before dinner, and then to 1000 mg BID if
tolerated. If not tolerated, reduce to prior tolerated dose.
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Table 1
Regimens and characteristics of antihyperglycemia agents.

Class Weight Loss [12,17] Drug and Recommended
Dosage [12]

Effect on Insulin [12,17] Other Considerations for Treatment [12,17]

Biguanide Yes � Metformin 500
e2000 mg PO BID

Decrease when glucose is low � Assess eGFR prior to initiation of metformin; annual monitoring of renal function is
recommended for eGFR �60 mL/min/1.73 m2 [18,19]

� Monitor renal function every 3e6 months for eGFR 45e60 mL/min/1.73 m2 [19]
� Do not initiate metformin in patients with eGFR 30e45 mL/min/1.73 m2; if already on

metformin, discontinue metformin or consider 50% dose reduction and monitor renal
function every 3 months [19]

� Metformin is contraindicated in patients with eGFR <30 mL/min/1.73 m2 [18]
� Risk of GI intolerance (bloating, abdominal discomfort, diarrhea), vitamin B12 deficiency, and

lactic acidosis (rare)
Secondary agents for hyperglycemia treatment
For the management of grade �2 hyperglycemia in combination with metformin as needed
SGLT2 inhibitors Yes � Ertugliflozin 5e15 mg

PO OD [20]
� Dapagliflozin 5

e10 mg OD [21]
� Canagliflozin 100

e300 mg AC OD [22]
� Empagliflozin 10

e25 mg OD [23]

Decrease when glucose is low � Monitor for euglycemic ketoacidosis especially when patient is nauseous, vomiting, or
dehydrated; encourage hydration with salty liquids; monitor anion gap and/or blood
ketone (b-hydroxybutyrate) for patients treated with an SGLT2i at each visit to assess for
ketoacidosis. An anion gap between 10 and 16 mEq/L is considered normal and >20 mEq/L
indicates severe ketoacidosis [54,55]. Patients may be advised to measure ketones using a
blood ketone meter (b-hydroxybutyrate goal 0.6e3.0 mmol/L) or urine (trace acetoacetate)
testing. Hold SGLT2i if with poor hydration and/or illness (infection, etc) or 5 days prior to any
surgery [15,16]

� Associated with
o Genitourinary infections
o Increase in LDL cholesterol
o Polyuria with risk of volume depletion and hypotension [24]
o Glycosuria with risk of genitourinary infections including Fournier's gangrene in diabetics

[24]
o Additional risks (amputations, bone fractures) with canagliflozin treatment in diabetics

GLP-1 receptor agonists Yes � Exenatide (extended
release) 2 mg SC once
every 7 days [25]

� Exenatide 5e10 mg/
dose SC AC BID [26]

� Dulaglutide 0.75
e1.5 mg SC once
weekly [27]

� Semaglutide 3e14 mg
PO AC OD or 0.25
e1 mg SC once weekly
[28,29]

� Liraglutide 0.6
e1.8 mg SC daily [30]

Decrease when glucose is low � GI side effects are common (nausea, vomiting, diarrhea)
� Injection-site reactions
� Risk of pancreatitis
� Risk of thyroid C-cell tumors

DPP-4 inhibitors No � Alogliptin 25 mg PO
OD [31]

� Saxagliptin 2.5e5 mg
PO OD [32]

� Linagliptin 5 mg PO
OD [33]

� Sitagliptin 100 mg PO
OD [34]

Decrease when glucose is low � Typically well tolerated
� Potential risk of acute pancreatitis
� Joint pain

Thiazolidinediones No (chance of weight gain) � Pioglitazone 15
e45 mg PO OD [35]

� Rosiglitazone 4e8 mg/
day PO [36]

Decrease when glucose is low
[36]

� Exercise extreme caution when using in patients with or at risk for congestive heart failure
and patients at risk of falls/fractures

a-Glucosidase inhibitors Yes � Acarbose 25e100 mg
TID with meals [37]

Decrease when glucose is low � GI side effects (such as flatulence) are common
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Tertiary agents for hyperglycemia treatment
For the management of grade �3 hyperglycemia in combination with metformin and secondary antihyperglycemia agents
Sulfonylureas No � Glimepiride 1e8 mg

PO OD
� Glipizide 5e40 mg PO

(OD or split dose BID)
� Glipizide XR 5e20 mg

PO
� Glyburide 2.5e20 mg

OD
� Glyburide micronized

3e12 mg OD

Increase � Glyburide is contraindicated in patients with eGFR <30 mL/min/1.73 m2

� Risk of hypoglycemia, weight gain, diarrhea, nausea

Meglitinides No � Nateglinide 60
e120 mg AC

� Repaglinide 0.5e4 mg
AC

Increase � Risk of hypoglycemia, weight gain, diarrhea, nausea

Insulin regimens
For the management of persistent grade �3 hyperglycemia despite treatment with above agents
Basal insulin
� Insulin glargine
� Insulin detemir

No (chance of weight gain) � 0.1e0.2 units/kg/day
SC

� Increase for goal
fasting FSBG
<160 mg/dL

Increase � Risk of hypoglycemia, weight gain

Rapid acting insulin
� Insulin aspart
� Insulin lispro
� Insulin glulisine

No (chance of weight gain) Sliding scale AC Increase � Risk of hypoglycemia, weight gain
Pre-meal FSBG Units
70e99 0
100e149 0
150e199 2
200e249 3
250e299 4
300e349 5
350e399 6
>400 7

AC, before meals; BID, twice daily; C-cells, parafollicular cells; DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; FSBG, fingerstick blood glucose; GI, gastrointestinal; GLP-1, glucagon-like peptide; LDL,
low-density lipoprotein; OD, once daily; SC, subcutaneous; SGLT2i, sodium-glucose co-transporter 2 inhibitor.
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Table 2
Additional guidance for patients who do not respond to initial hyperglycemia treatment.

Hyperglycemia Severity (CTCAE v4.03)
[14]

Initial Treatment Recommendations Additional Treatment Recommendations Recommended Alpelisib Dose
Modifications

Grade 2:
FPG or fasting FSBG >160e250 mg/dL

(>8.9e13.9 mmol/L) or random BG/
FSBG consistently >200 mg/dL
(>11.1 mmol/L)

� Overnight fasting, low carbohydrate
meal, and exercise are always the first
step

� Start or maximize metformin
� Add SGLT2i or other secondary

antihyperglycemia medication
(Table 1)

� If FSBG values remain >200 mg/dL after
1 week on metformin and SGLT2i, add
an SU or meglitinide (counsel patients
on symptoms of hypoglycemia)
o Alternatively, consider changing to a

different second-line anti-
hyperglycemia medicationa

o Consider additional carbohydrate
restriction to <60 g/day

� If FPG does not resolve to � grade 1
within 21 days after appropriate
treatment with antihyperglycemia
medication, reduce alpelisib by 1 dose
level

Grade 3:
FPG or fasting FSBG >250e500 mg/dL

(>13.9e27.8 mmol/L) or random BG/
FSBG consistently >300 mg/dL
(>16.7 mmol/L) OR persistent grade
2

� Overnight fasting, low carbohydrate
meal, and exercise are always the first
step

� Start/maximize metformin; add/
continue SGLT2i or other secondary
antihyperglycemia medication; add/
continue tertiary SU/meglitinide
(Table 1)

� If grade 3 hyperglycemia persists, start
SC insulina, either:
o Once-daily basal insulin at 0.1e0.2

units/kg SC per day and increase to
achieve goal of fasting FSBG <160mg/
dL, or

o Prandial rapid-acting insulin sliding
scale before meals (do not initiate/
continue SU/meglitinide)

� Following appropriate
antihyperglycemia treatment:
o If FPG � grade 1 within 3e5 days,

resume alpelisib at 1 lower dose level
o If FPG not � grade 1 within 3e5 days,

consult an endocrinologist
o If FPG not � grade 1 within 21 days,

permanently discontinue alpelisib

Grade 4:
FPG or fasting FSBG >500 mg/dL

(>27.8 mmol/L) or random BG/FSBG
consistently >400 mg/dL
(>22.2 mmol/L) OR persistent grade
3

� Overnight fasting, low carbohydrate
meal, and exercise are always the first
step

� Start/maximize metformin; add/
continue SGLT2i or other secondary
antihyperglycemia medication; add/
continue tertiary SU/meglitinide
(Table 1)

� If grade 4 hyperglycemia persists, start
SC insulina, either:
o Once-daily basal insulin at 0.1e0.2

units/kg SC per day and increase to
achieve goal of fasting FSBG <160mg/
dL, or

o Prandial rapid-acting insulin sliding
scale before meals (do not initiate/
continue SU/meglitinide)

� Recheck FPG within 24 h
o If FPG is confirmed at grade 4 and

confounding factors could be
excluded, permanently discontinue
alpelisib

BG, blood glucose; BID, twice daily; CTCAE, Common Terminology Criteria for Adverse Events; FPG, fasting plasma glucose; FSBG, fingerstick blood glucose; GA, glycated
albumin; OD, once daily; SC, subcutaneous; SGLT2i, sodium-glucose co-transporter 2 inhibitor; SU, sulfonylurea.

a Refer to Table 1 for recommended secondary or tertiary antihyperglycemia medications and dosages, and insulin regimens.
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be helpful. Counsel patients on portion control and healthy food
choices, with an emphasis on nutrient-dense and high-fiber foods
including vegetables, fruits, whole grains, dairy, and legumes. Pa-
tients should strictly avoid sugar-sweetened beverages and rapid-
release carbohydrate (high-glycemic-index) foods [12]. In patients
with high-carbohydrate diet, it has been hypothesized that glucose
is driven into tumors by hyperinsulinemia [4,45]. Consider refer-
ring diabetic patients to a dietician for individualized medical
nutrition therapy [12]. Decreased appetite and weight were
observed in clinical trials of alpelisib; hence, patients should be
encouraged to maintain similar level of caloric intake [8,10,48].

Exercise should be recommended as it enhances the clearance of
glucose from the blood into skeletal muscle via an insulin-
dependent or an alternative, insulin-independent mechanism
[49,50]. The latter is not expected to be hampered by PI3Ki andmay
be a viable way to reduce PI3Ki-associated hyperglycemia [50].
Furthermore, exercise improves insulin sensitivity, even in the
setting of insulin resistance [49].While patients are taking alpelisib,
we recommendmoderate- to vigorous-intensity aerobic exercise of
�150 min/week spread over �3 days/week.

If lifestyle interventions are inadequate, manage with anti-
hyperglycemia medications. Metformin is the preferred initial
treatment option due to its wide availability and safety profile.
Metformin suppresses hepatic gluconeogenesis, which is typically
upregulated in patients with diabetes [51,52]. Assess estimated
glomerular filtration rate (eGFR) prior to metformin initiation [18].
Do not initiate metformin if eGFR is <45 mL/min/1.73 m2, and
discontinue or reduce dose by 50% if a patient's eGFR decreases to
this level [19] (Table 1) [12,15e37]. When initiating metformin for
prophylaxis or hyperglycemia management, use 500 mg once daily
(before dinner) then titrate based on response and GI side effects up
to a maximum of 1000 mg twice a day (BID). For grade �2 hyper-
glycemia, no alpelisib dose modification is needed. Late
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intervention (starting medication after 4 weeks or 3 weeks for
grades 1 and 2, respectively) for grade 1/2 hyperglycemia resulted
in a higher chance of hyperglycemia not improving or becoming
severe [53]. If significant hyperglycemia develops, alpelisib dose
reduction/interruption may lead to improved glucose control and
stabilization. For grade �3 hyperglycemia, interrupt alpelisib
treatment and consider consultation with an endocrinologist or an
oncologist with experience in managing PI3Ki-associated hyper-
glycemia. If interrupting alpelisib, consider interrupting anti-
hyperglycemia medication to avoid hypoglycemia (fulvestrant may
be continued). Detailed guidance on hyperglycemia management
and alpelisib dose interruption/modification is available in Fig. 1c
[12,14].

If hyperglycemia is not controlled with metformin, add another
antihyperglycemia medication (Table 2) [14]. Consider agents that
do not affect the PI3K pathway, such as acarbose and sodium-
glucose co-transporter 2 inhibitors (SGLT2is). In animal models of
cancer, adding SGLT2i to a PI3Ki improved hyperglycemia and
slowed tumor growth [46]. SGLT2is act on the kidneys to reduce the
renal glucose threshold, leading to glucosuria, resulting in reduced
plasma glucose and insulin levels [56]. Their use therefore will
ameliorate the insulin feedback mechanism associated with PI3K
inhibition. The combination of metformin and SGLT2is is safe and is
widely used in treating patients with hyperglycemia, but this
combination has not been formally tested in patients treated with
alpelisib [57]. A case report described the development of eugly-
cemic ketoacidosis (increased anion gap metabolic acidosis, keto-
nemia [>3 mM], or ketonuria [moderate to large on urinalysis], but
with normal or modestly elevated blood glucose [<250 mg/dL or
13.9 mmol/L]) in a patient with breast cancer taking a PI3Ki with an
SGLT2i [15,16,58]. Monitor anion gap and/or blood ketone (b-
hydroxybutyrate) in patients treated with SGLT2is at each visit to
assess for ketoacidosis. Counsel patients on the symptoms of



Fig. 2. Examples of maculopapular rash in the lower extremity [a], and back [b, c] in breast cancer patients treated with alpelisib. All photos are provided courtesy of Mario E.
Lacouture, MD, Dermatology Service, Department of Medicine, Memorial Sloan-Kettering Cancer Center, New York (November 25, 2020).
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ketoacidosis, including malaise, fatigue, nausea, and vomiting. Pa-
tients may be advised to measure ketones using a blood ketone
meter (b-hydroxybutyrate goal <0.6e3.0 mmol/L) or urine (ace-
toacetate) testing [16]. Notably, nausea and vomiting are common
alpelisib-associated AEs that may be difficult to distinguish from
symptoms of ketoacidosis. Onset of ketoacidosis should prompt
immediate referral to an urgent care center or emergency room.

Other second- and third-line antihyperglycemia agents that can
be used with metformin are listed in Table 1. However, limited data
are available regarding the efficacy of these agents in managing
alpelisib-induced diabetes. Counsel patients on symptoms of hy-
poglycemia if they are taking antihyperglycemia medications that
can cause hypoglycemia. Insulin is only recommended for difficult-
to-manage grade�3 hyperglycemia, since insulin activates the PI3K
Table 3
Regimens and characteristics of antirash agents.

Class Drug and Recommended Dosage Other Cons

Sunscreen � Broad-spectrum mineral sunscreen, SPF 15 or
higher; apply to face and other exposed areas [66]

� SPF/UVA

Nonsedating
antihistamines

� Cetirizine 10mgOD (prophylaxis); 10mg BID (grade
�1 rash)

� Loratadine 10 mg OD (prophylaxis); 10 mg BID
(grade �1 rash)

� Fexofenadine 180 mg OD (prophylaxis); 180 mg BID
(grade �1 rash)

� Risk of
motor sk

Sedating
antihistamines

� Diphenhydramine 25e50 mg at bedtime
� Hydroxyzine 25 mg at bedtime

� Risk of C
� Contrain

obstruct
Topical

corticosteroids
� Triamcinolone 0.1% cream or lotion BID
� Fluocinonide 0.05% cream or lotion BID

� Risk for
(>12 we

� Less com
wound h

� May rare
Oral

corticosteroids
� Prednisone 0.5e1 mg/kg/daily or equivalent � Risk of

dyslipide
pression

GABA agonist � Gabapentin 300 mg TID
� Pregabalin 50 mg BID

� Risk of s

BID, twice daily; BPH, benign prostatic hypertrophy; CNS, central nervous system; CV
pituitary-adrenal; GI, gastrointestinal; OD, once daily; SPF, sun protection factor; TID, th
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pathway and has been shown to induce breast cancer cell prolif-
eration in vitro [8,59]. Basal insulin controls glucose levels during
periods of fasting [60]. Insulin can be initiated at a dose of 0.1e0.2
units/kg/day and titrated based on clinical response according to
the American Diabetes Association guidelines. If prandial insulin is
needed, start at the meal with the greatest postprandial excursion
[12].

In patients with or at high-risk of developing severe COVID-19,
certain oral glucose-lowering medications such as metformin,
SGLT2is, thiazolidinediones, and sulfonylureas may need to be
discontinued to prevent complications or worsening disease [61].
iderations for Treatment

-PF should depend on patient's phototype and induced photosensitivity [66]

urinary retention, vasodilation, constipation, blurred vision, dry eyes, reduced
ills [67]

NS depression, photosensitization, urinary retention [67]
dicated in patients with acute asthma exacerbation, narrow-angle glaucoma, GI
ion, and BPH [67]
skin atrophy, striae, rosacea, perioral dermatitis, acne, purpura with long-term use
eks) [68]
mon reactions include hypertrichosis, change in skin pigmentation, delayed
ealing, exacerbation of skin infections [68]
ly lead to hyperglycemia, glaucoma, and adrenal insufficiency [68]
hyperglycemia, immunosuppression, osteoporosis/fractures, weight gain, CVD,
mia, myopathy, cataracts, glaucoma, psychiatric disturbances, HPA-axis sup-
[69]
omnolence, dizziness, peripheral edema (gabapentin)

D, cardiovascular disease; GABA, gamma-aminobutyric acid; HPA, hypothalamic-
rice daily; UVA-PF, ultraviolet A protection factor.



Fig. 3. Management of alpelisib-associated skin AEs (severity based on CTCAE v5.0) [66,70]. AE, adverse event; BID, twice daily; BSA, body surface area; CTCAE, Common Ter-
minology Criteria for Adverse Events; GABA, gamma-aminobutyric acid; IV, intravenous; PI3Ki, phosphatidylinositol-3-kinase inhibitor; TID, thrice daily. aTriamcinolone 0.1% or
fluocinonide 0.05% BID for �28 days. bCetirizine 10mg or loratadine 10mg or fexofenadine 180mg BID. cDiphenhydramine 25e50mg or hydroxyzine 25mg at bedtime. dGaba-
pentin 300mg TID or pregabalin 50mg BID. ePrednisone 0.5e1mg/kg/daily or equivalent for 7e10 days for grade 3 rash. fIf feasible, consider a graded rechallenge with alpelisib
starting at 50mg/day, increasing by 50mg/week until a 250-mg dose is achieved; start trimethoprim/sulfamethoxazole 160 mg/800mg three times a week plus a proton pump
inhibitor during graded rechallenge (continue oral corticosteroid).
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2.2. Skin AEs

2.2.1. Etiology and incidence
Skin AEs, particularly the development of rash, are a class effect

of PI3Kis [62]. Some of the most frequent skin AEs associated with
PI3K inhibition are maculopapular rash, pruritus, and dry skin
(Fig. 2) [62e64]. Histamine-producing cells and eosinophils may
play a role in PI3Ki-associated rash. Alpelisib-treated patients who
developed rash after 2 weeks of treatment showed a significant
increase in percentage of blood eosinophils, which may be an in-
dicator of rash formation [65]. In SOLAR-1, the 86 patients who
received rash prophylaxis (69.8% received antihistamines) had a
lower incidence of all-grade (27% vs 54%) and grade 3 rash (12% vs
20%) compared with the overall population [10,39]. Histologic
findings observed with PI3Ki rash are characterized by a peri-
vascular lymphocytic inflammation or dermal hypersensitivity re-
action [64]. Rash frequently appears in the torso or extremities [65].
In SOLAR-1, all-grade, grade 3 and all-grade maculopapular rash
were reported in 101 (35.6%), 28 (9.9%) and 40 (14.1%) alpelisib-
treated patients [8]. The median time to onset of alpelisib-
associated rash was 12 days (grade 2/3 rash ¼ 12 days in SOLAR-
1, all-grade rash ¼ 12.8 days in a retrospective analysis) [10,65].

2.2.2. Prevention and management
Prophylactic antihistamines should be recommended to all pa-

tients starting alpelisib. Initiate nonsedating antihistamines such as
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cetirizine 10 mg, loratadine 10 mg, or fexofenadine 180 mg pro-
phylactically once daily during the first 8 weeks of therapy then
taper off (as onset of rash is likely to occur by 8weeks) to attempt to
reduce the frequency and severity of rash (Table 3 [66e69], Fig. 3
[66,70]). Restart antihistamine therapy at first evidence of skin
toxicity thereafter. As antihistamines appear to be less effective
once rash occurs, they are recommended primarily for prophylactic
use.

Patients should be advised to avoid unprotected sun exposure
and irritant products that contain alcohol, salicylic acid, ammonium
lactate, urea, topical retinoids, or benzoyl peroxide [66]. Advise
patients to use a mild, fragrance-free soap for bathing and de-
tergents for clothes, noncomedogenic moisturizers, and sunscreen
to prevent skin dryness that may exacerbate alpelisib-associated
dryness or itching [8,66].

Most skin reactions are reversible with adequate co-medication
and treatment interruption. Treat patients symptomatically and
according to clinical severity. Clinicians may consider increasing
doses of cetirizine, loratadine, or fexofenadine to BID for grade �1
rashdhowever, there is currently no evidence to support that this
decreases rash. Initiate topical corticosteroids (triamcinolone 0.1%
or fluocinonide 0.05%) BID for �28 days for grades 1/2 rash (Fig. 3)
[66,70]. Consider the use of lotion or solution preparations for the
trunk and the scalp, for ease of application. For burning, stinging, or
pruritus, consider adding sedating antihistamines at bedtime
(diphenhydramine 25e50 mg or hydroxyzine 25 mg) or gamma-
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aminobutyric acid agonists (gabapentin 300 mg thrice daily [TID]
or pregabalin 50 mg BID) (Table 3) [66e69].

For grade 3 rash, interrupt alpelisib, intensify oral antihista-
mines, and start a 7- to 10-day course of oral systemic corticoste-
roids (prednisone 0.5e1 mg/kg/day or equivalent). Rechallenge
with alpelisib after �2 weeks’ treatment interruption and upon
resolution to grade �1 rash (continue antihistamines and oral
corticosteroids). Consult dermatologists for refractory grade 2 or
any grade�3 skin AEs. Take cautionwith use of systemic steroids as
these mayworsen hyperglycemia [71]. If feasible, consider a graded
rechallenge in patients with recurrence of grade 3 rash who
demonstrate improvement to grade �1 following treatment
interruption.

In a real-world study, 2 of 8 patients treated with alpelisib
experienced rash. In 1 patient with grade 3 rash, rash was managed
with alpelisib treatment interruption, antihistamine and cortisone
therapy. In the other patient (grade 1 rash), no treatment inter-
ruption was necessary, and rash was effectively managed with
cortisone and antihistamines [72].

2.2.3. Serious cutaneous reactions
Serious cutaneous reactions with alpelisib appear to be rare;

Stevens-Johnson syndrome and erythema multiforme were re-
ported in 0.4% and 1.1% of patients, respectively [8]. Drug reaction
with eosinophilia and systemic symptoms was reported in
alpelisib-treated patients in the postmarketing setting [10]. Prompt
identification and discontinuation of alpelisib are critical. Sup-
portive care is themainstay of management, which includes wound
care; maintaining adequate hydration, nutrition, and electrolyte
balance; maintaining renal and airway function; and pain man-
agement [73]. If a serious reaction is confirmed, permanently dis-
continue alpelisib. Do not reintroduce alpelisib in patients who
experienced previous serious cutaneous reactions such as Stevens-
Johnson syndrome with alpelisib [10].

2.3. Diarrhea

2.3.1. Etiology and incidence
Diarrhea, with or without colitis, is an immune-mediated re-

action associated with PI3Kis [74]. Overall, 58% (n ¼ 164) of
alpelisib-treated patients in SOLAR-1 experienced diarrhea, with a
median time to onset of grade 2/3 diarrhea of 46 days [8,10]. Grade
3 diarrhea was reported in 7% (n ¼ 19) of patients [8]. Median time
to improvement by � 1 grade for grade �3 diarrhea was 18 days
[39].

2.3.2. Prevention and management
Before starting alpelisib, review patients’ medical histories to

identify those with history of chronic diarrhea, or those with
diarrhea-inducing diseases or conditions. Discontinue any diar-
rheagenic agents at screening. In patients presenting with recent
antibiotic intake and loose stools, rule out Clostridium difficile
infection.

In patients presenting with alpelisib-associated diarrhea,
monitor frequency of bowel movements and advise patients to
drink 8e10 glasses of clear liquids/day (eg, water, oral electrolyte
solution, broth) and to eat frequent, small meals, which may
include banana, rice, applesauce, and toast. Recommend loper-
amide (2 mg/dose, 2 doses after first loose stool and 1 dose after
each subsequent watery stool, taken every 4 h) or diphenoxylate
hydrochloride/atropine sulfate. Diphenoxylate hydrochloride/
atropine sulfate should not be used in combination with loper-
amide due to the risk of paralytic ileus. After a 12-h diarrhea-free
interval, loperamide may be discontinued. If diarrhea persists (�4
episodes despite use of loperamide) or the patient cannot maintain
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hydration, advise the patient to seek treatment urgently. For grade
2 diarrhea (increase of 4e6 stools/day or moderate increase in os-
tomy output over baseline), interrupt alpelisib until recovery to
grade �1, then resume at same dose level.

For grade 3e4 diarrhea (increase of �7 stools/day or severe
increase in ostomy output over baseline, hospitalization indicated,
limiting self-care activities of daily living, or with life-threatening
consequences), interrupt alpelisib until recovery to grade �1,
then resume alpelisib at next dose level. Consider hospital admis-
sion for intravenous (IV) hydration and antibiotics. Increase loper-
amide frequency to every 2 h, for up to a maximum of 16 mg/day.
Additional antidiarrheal medications such as opium tincture or
dihydrocodeine tartrate oral/subcutaneous [SC]/intramuscular [IM]
may be given; administer Sandostatin/octreotide 100e500 mg TID
SC if severe diarrhea persists after 12e24 h, then 500e1000 mg TID
SC if severe diarrhea still persists. Work-up for severe diarrhea may
include stool analysis for blood, fecal leukocytes (Wright's staining
and microscopy) or Clostridium difficile toxin, and fecal cultures for
Salmonella spp., Campylobacter spp., Giardia, Entamoeba, Crypto-
sporidium, Shigella, and pathogenic E. coli.

2.4. Other alpelisib-associated AEs

Another common AE observed in alpelisib-treated patients
(n ¼ 284) is stomatitis (24.6%) [8]. At the first sign of aphthous
stomatitis, initiate dexamethasone mouth rinse (swish and spit)
TID for 4e6 weeks, and use only as needed thereafter. Another
treatment for stomatitis is steroid (eg, triamcinolone) dental paste.
Instruct patients to apply 2e4 times a day on affected areas until
the lesion is healed [75]. For other AEs such as nausea and vomiting
(SOLAR-1 incidences were 44.7% and 27.1%, respectively) [8],
initiate appropriate medical therapy and monitor as clinically
indicated.

Although rare, cases of pneumonitis (n ¼ 2, 0.7%) and pancre-
atitis (n ¼ 1, 0.4%) were observed in alpelisib-treated patients [8].
For suspected cases of pneumonitis, obtain appropriate imaging
such as a high-resolution chest computed tomography scan to
confirm diagnosis and rule out infectious causes of interstitial lung
disease. Consider hospital admission, broncho-alveolar lavage, and
biopsy. High-dose corticosteroids and consultation with a pulmo-
nologist should be recommended, and antibiotic therapy initiated if
infectious causes are suspected [8,76].

3. Conclusions

Alpelisib is associated with a complex set of AEs that if recog-
nized early and managed appropriately could be effectively
controlled, thus allowing patients to continue treatment longer.
Discontinuation rates due to any-grade AE (29.2% vs 20.7%) and
grade �3 (18.1% vs 7.9%) were lower in the second compared with
the first half of randomized patients in the alpelisib group in
SOLAR-1 with amending the protocol to restrict eligibility to pa-
tients with HbA1c � 6.5% and with increased physician experience
managing toxicities [8,39]. Multidisciplinary involvement and pa-
tient education are critical (see Appendix A for a plain-language
summary of this manuscript). Clinicians should also consider
COVID-19eassociated risks and complications [77,78].

BYLieve is an ongoing phase 2 study evaluating the safety and
efficacy of alpelisib plus endocrine therapy in a postecyclin-
dependent kinase 4/6 inhibitor setting. The most common AEs re-
ported in the fulvestrant (n ¼ 127) and letrozole (n ¼ 126) cohorts
were consistent with SOLAR-1 [79,80]. However, compared with
SOLAR-1, discontinuation rates for hyperglycemia (SOLAR-1 n ¼ 18
[6.3%] vs BYLieve fulvestrant cohort n ¼ 2 [2%] and letrozole cohort
n ¼ 1 [0.8%]) were lower in the BYLieve trial in both cohorts
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[8,79,80]. Therefore, it is possible that greater experience with
hyperglycemia and eventually other PI3Ki-related toxicities will
reduce their severity.

Further studies to explore risk factors and the pathogenesis of
the AEs associated with alpha-selective PI3K-inhibition are needed
to continually improve patient outcomes.
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