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ABSTRACT

Objective: To report the first case of diabetic ketoacidosis (DKA) and its management in a patient with
diet-controlled prediabetes and metastatic breast cancer treated with alpelisib, a PI3K (phosphatidyli-
nosiotol-3-kinase) inhibitor.
Methods: Literature on the topic is reviewed. The case is that of a 66-year-old female with diet-controlled
prediabetes and metastatic breast carcinoma who had initiated alpelisib 2 weeks prior to being admitted
for diabetic ketoacidosis.
Results: Admission laboratory examination revealed a blood sugar of 1137 mg/dL, an anion gap of 25,
large ketones in urine, and positive acetone in serum. The HbAlc level was 9.4% (79 mmol/mol) on
admission, which had been 6.3% (45 mmol/mol) seven months earlier. She was discharged on subcu-
taneous insulin and instructed to discontinue alpelisib. Alpelisib was restarted 2 days later, which
exacerbated her hyperglycemia within 24 hours. In the following months, her hyperglycemia was suc-
cessfully managed with insulin and a SGLT 2 inhibitor. Unfortunately, her breast cancer progressed, ul-
timately leading to discontinuation of alpelisib. Blood sugar levels returned to a nondiabetic range upon
discontinuation of alpelisib, and she is currently off all antihyperglycemic agents.
Conclusion: Although PI3KCA inhibitors remain a promising drug in patients with metastatic breast
cancer who have not responded to previous treatment, patients must be closely monitored for adverse
effects such as hyperglycemia. Hyperglycemia could be a potentially limiting side effect of alpelisib. The
optimal management of hyperglycemia induced by alpelisib warrants further research.

© 2020 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

fulvestrant in the phase 3 randomized controlled clinical trial of
alpelisib in breast cancer. Hyperglycemia was one of the most

The phosphatidylinositol-3 kinase (PI3K) o inhibitor, alpelisib
(Pigray), was approved in May 2019 for use in combination with
fulvestrant in postmenopausal women with hormone receptor—
positive/human epidermal growth factor receptor 2—negative
advanced breast cancer with PIK3CA mutations.! There was an 11-
month versus a 5.7-month progression-free survival when alpeli-
sib plus fulvestrant was used, compared with placebo plus

Abbreviations: Akt, protein kinase B; DKA, diabetic ketoacidosis; HbA1lc, gly-
cosylated hemoglobin; PI3K, phosphatidylinosiotol-3-kinase; SGLT2, sodium
glucose cotransporter 2.
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common adverse reactions and occurred in 63.7 % of the patients in
the experimental group; this led to permanent discontinuation of
alpelisib in 6.3% of the patients. Notably, 96% of the patients (n =
52) who discontinued alpelisib owing to hyperglycemia but
continued treatment with fulvestrant saw fasting blood sugar re-
turn to baseline.” We use this case report to illustrate the clinical
presentation and discuss the proposed mechanism of action by
which this agent causes hyperglycemia, and provide potential
management options.

Case Report

We present the case of a 66-year-old female admitted for dia-
betic ketoacidosis (DKA) with a history of prediabetes and
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Fig 1. Continuous glucose monitor tracing for 3 consecutive days while the patient was on lispro 30 units prior to breakfast (at 07:00 hours), 18 units prior to lunch (at 12:00 hours),
and 17 units prior to dinner (at 16:00 hours) along with A, alpelisib 300 mg and 25 mg empagliflozin at 19:30 hours and degludec 60 units taken at 23:00 hours; B, alpelisib 300 mg
and 25 mg empagliflozin 23:00 hours and degludec 60 units taken at 23:00 hours; and C, alpelisib 300 mg and 25 mg empagliflozin at 19:00 hours and degludec 60 units taken at

22:00 hours.

refractory breast cancer with metastasis to the liver and bone
despite multiple previous treatments, including hormone receptor
therapy. Two weeks before presenting to the emergency depart-
ment, owing to evidence of progression of metastatic disease, her
medication had been changed from doxorubicin, which she had
been prescribed for the past 3 months, to alpelisib 300 mg daily
with fulvestrant. During a routine oncology clinic follow-up, she
complained of extreme fatigue, polyuria, and polydipsia, and was,
therefore, instructed to present to the emergency department. Her
last dose of alpelisib 300 mg had been the previous night. Outpa-
tient medications included alpelisib 300 mg/day, cholecalciferol
2000 1.U./day, esomeprazole 40 mg/day, loratadine 10 mg/day,
losartan 100 mg/day, prochlorperazine 10 mg as needed, and
rizatriptan 10 mg as needed. On admission, the patient was alert
and oriented, her blood pressure was 144/85 mm Hg, heart rate was
93 beats/min, and weight was 64.9 kg. Laboratory examination
showed a blood sugar of 1137 mg/dL, an anion gap of 25 mmol/L,
ketones in urine (80 mg/dL), and positive acetone in serum,
consistent with the findings of DKA. A basic metabolic panel
revealed a sodium level of 130 mmol/L, potassium level of 5.7
mmol/L, chloride level of 90 mmol/L, bicarbonate level of 90 mmol/
L, blood urea nitrogen level of 43 mg/dL, creatinine level of 1.5 mg/
dL, calculated osmolality of 330 mOsm/kg, glomerular filtration
rate of 42 mL/min, glycosylated hemoglobin (HbA1c) level of 9.4%
(79 mmol/mL), and C-peptide level of 13.3 ng/mL. Hemoglobin and
hematocrit were 12.7 g/dL and 38.6%, respectively, without any
recent blood transfusions. Two months prior to hospitalization,
laboratory examination showed that electrolyte levels and renal
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function were in the normal range, with a blood urea nitrogen level
of 19 mg/dL, creatinine level of 1.0 mg/dL, glomerular filtration rate
> 60 mL/min, and random glucose level of 188 mg/dL. Seven
months earlier her HbAlc level had been 6.3% (45 mmol/mol).
Fructosamine was not measured. She was admitted to the intensive
care unit and treated with intravenous hydration and electrolyte
repletion; she required 166 units of insulin in the first 36 hours. She
was transitioned to subcutaneous insulin on hospital day 2. Alpe-
lisib was discontinued per oncology team recommendations. She
was discharged on hospital day 3 and prescribed metformin, 38
units of insulin degludec at night, and 10 units of preprandial in-
sulin lispro. In the days following her discharge, her insulin re-
quirements continued to decrease to insulin degludec 25 units at
night and 6 units insulin lispro with meals. Four days after
discharge, oncology restarted alpelisib 250 mg daily with notable
hyperglycemia within 24 hours. Two weeks after resuming alpeli-
sib, she continued to have hyperglycemia despite 38 units of insulin
degludec and 15 units of insulin lispro with meals along with low-
dose correction; therefore, empaglifozin 25 mg was initiated.
Continuous glucose monitoring showed notable hyperglycemia
when alpelisib was increased to the 300 mg dose, and she ulti-
mately required 60 units of insulin degludec, and 30 units insulin
lispro for breakfast, 18 units for lunch, and 17 units for dinner while
limiting her carbohydrate intake to 45 g with each meal. A rise in
fingerstick blood glucose was noted to occur within 4 hours after
taking alpelisib, and it lasted for 22 hours, with a significant drop in
fingerstick blood glucose 23 to 24 hours after the administration of
alpelisib (Fig. 1). Given the 22-hour hyperglycemic effect of
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Fig 2. Continuous glucose monitor tracing for 3 consecutive days while the patient was on lispro 32 units prior to breakfast (07:00 hours ), 18 units prior to lunch (12:00 hours ), and
18 units prior to dinner (16:00 hours) along with A, alpelisib 300 mg and 25 mg empagliflozin at 19:30 hours and detemir 60 units taken at 23:00 hours ; B, alpelisib 300 mg and 25
mg empagliflozin at 19:00 hours and detemir 60 units taken at 22:00 hours; C, alpelisib 300 mg and 25 mg empagliflozin at 19:15 hours and detemir 60 units taken at 22:00 hours.

alpelisib, our patient was switched to 60 units of detemir, which
resolved hypoglycemia. However, she had persistent hyperglyce-
mia within 20 hours after the administration of alpelisib (Fig. 2).
Persistent hyperglycemia was later corrected by increasing the
preprandial insulin lispro dose. Unfortunately, her breast cancer
progressed and alpelisib was replaced by ixabepilone. Her blood
glucose normalized within 14 days of discontinuation of alpelisib
without further need for insulin or empagliflozin (Fig. 3). Three
months after discontinuing alpelisib, her HbA1c is now 6.2% (44
mmol/mol).

Discussion

The PI3K pathway is seen in nearly 44% of tumors, making it an
excellent target for cancer therapies.’ PI3Ks are lipid kinases that
play a central role in cellular growth, glucose homeostasis, lipid
metabolism, and protein synthesis via phosphorylation of protein
kinase B (Akt).* Akt regulates apoptosis, cell survival, cell cycle
progression, and metabolism.” The most common PI3K gene mu-
tation is PIK3CA, which is also the gene that encodes the isoform
PI316< (p110a) that mediates insulin response in muscle, liver, and
fat.

Class I PI3Ks are heterodimers, consisting of the p110 catalytic
subunit and the p85 regulatory subunit. P110 exists in various
isoforms with p110« playing a critical role in the metabolic action of
insulin. Under physiologic conditions, insulin secreted after a meal
activates the PI3K/Akt signaling pathway, which increases glucose
utilization, reduces gluconeogenesis in liver and muscle, and in-
creases body lipid deposition. This is done by increasing insulin
production in the pancreas, which then activates substrate proteins

129

that bind to PI3K, ultimately leading to glucose uptake and
glycogen synthesis by promoting translation and translocation of
glucose transporters 1 and 4.”% Intracellularly, Akt stimulates the
hexokinase that converts glucose to glucose-6-phosphate and
produces cellular energy by regulating glucose-6-phosphate and
glycogen synthase kinase 3 during glycolysis.”

Targeted inhibition of the PIK3CA-encoded enzyme, p110q,
disrupts glucose metabolism in multiple tissues. The critical role of
p110a was demonstrated when liver specific PI3Ka knockout mice
showed decreased insulin sensitivity, increased gluconeogenesis,
increased leptin and lipid levels, as well as impairment in insulin-
sensitive tissues. Blocking insulin signaling promotes glycogen
breakdown in the liver and prevents glucose uptake in skeletal
muscle and adipose tissue. These knockout mice showed impaired
insulin action that could not be rescued by p110p or alleviated by
metformin.’ This was also highlighted in preclinical murine models
in which increasing plasma concentrations of NVP-BYL719, a PI3Ka-
selective agent, resulted in a proportionate increase in insulin
levels.'”

The phase 3 trial of alpelisib in breast cancer randomized 572
patients with hormone receptor—positive, human epidermal
growth factor receptor 2—negative advanced breast cancer to
alpelisib-fluvestrant versus placebo-fluvestrant. The study only
enrolled patients with controlled type 2 diabetes, which was
defined as fasting plasma glucose <140 mg/dL (7.7 mmol/L) and
HbA1c <6.4%. Grades of hyperglycemia were used to define the
level of hyperglycemia experienced by patients and to categorize if
they would receive metformin, metformin and pioglitazone, or a
combination of these drugs plus insulin. The most common adverse
effect was grade 3 or 4 hyperglycemia. In cases of grade 4
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Fig 3. Continuous glucose monitor tracing for 3 consecutive days after the patient had discontinued alpelisib, empagliflozin, and insulin therapy.

hyperglycemia, defined as fasting plasma glucose >500 mg/dL, the
experimental drug was discontinued altogether. Patients with type
1 diabetes were not enrolled.’

In clinical trials, most p110e inhibitors inhibit both mutant and
wild type p110« at therapeutic doses, thereby inducing acute insulin
resistance and resulting in severe hyperglycemia, which, in turn,
leads to severe hyperinsulinemia. The resultant hyperglycemia,
caused by inhibition of PIK3CA, is usually transient, although hy-
perglycemia may be exacerbated or prolonged in patients with any
degree of prior insulin resistance, as was seen in our patient who
presented with a HbA1c of 9.4%. Existing insulin resistance in our
patient was likely due to recent treatment with doxorubicin prior to
initiation of alpelisib, given that she had been noted to have a fasting
glucose level of 97 mg/dL to 188 mg/dL on routine bloodwork during
doxorubicin therapy. This is thought to be because of compensatory
insulin release from the pancreas, known as insulin feedback, which
restores normal glucose homeostasis. It has also been postulated that
PI3K signaling could be reactivated within a few hours in the muscles
and the liver despite the presence of the drug."

Our patient’s alpelisib was discontinued in the setting of DKA
but was reintroduced successfully after careful management of her
hyperglycemia with a low carbohydrate diet, metformin, insulin,
and a sodium glucose cotransporter 2 (SGLT2) inhibitor. In murine
models, the use of metformin with a PI3K inhibitor has been shown
to reduce hyperglycemia by increasing insulin sensitivity, thereby
reducing baseline glucose and insulin levels. Pretreatment with
metformin alone had a minimal impact on PI3K inhibitor—induced
elevation in blood glucose and insulin levels, whereas both SGLT2
inhibitors and the ketogenic diet decreased hyperglycemia and
reduced the total amount of insulin released in response to PI3K
inhibitors. Ketogenic diets deplete hepatic glycogen stores and limit
acute release of glucose from the liver following PI3K inhibition.
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SGLT2 inhibitors work by inhibiting glucose transporters respon-
sible for reabsorption of glucose in the kidney. SGLT2 inhibitors and
the ketogenic diet also correlate with reduced glucose uptake in
tumor cells, which results in smaller tumor volumes by reducing
insulin levels, thereby decreasing insulin’s ability to activate insulin
receptors in tumors.!!

Hyperglycemia resulting from the inhibition of the downstream
effects of PI3K is followed by increased insulin secretion, which
further activates PI3K signaling in tumors and can lead to an in-
crease in glucose uptake in malignant cells. Therefore, it has been
hypothesized that treatment-induced hyperinsulinemia may be
limiting the therapeutic effects of agents targeting the PI3K
pathway. This is supported by data from murine models, which
show an increase in glucose uptake in tumor cells immediately after
PI3K inhibition, indicating that the spikes in insulin could be
causing a transient increase in glucose uptake in these tumors, even
in the presence of PI3K inhibitors.'?

A prodrug of the PI3K inhibitor, which would only be activated
in cancerous tissue, could also decrease adverse effects in target
organs. The H1047R mutation in p110a has been shown to respond
better to lower doses of PI3K inhibitors; this could allow for an even
lower risk of hyperglycemia.'® Further research is needed to pre-
vent the unwanted dose-limiting effects of these medications.

Conclusion

We report what is to our knowledge the first case of DKA in a
patient being treated with PI3K inhibitors outside of a clinical trial.
This case not only highlights the dose-limiting adverse effect (hy-
perglycemia) of alpelisib, but also a potential way of managing the
unwanted and potentially therapy-limiting effects of this medica-
tion. Further investigation is needed to understand the best
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