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Abstract: PIK3CA activating mutations are found in 40% of advanced breast cancer and are associated with worse prognosis. PI3K
blockage is associated with insulin resistance, leading to hyperglycemia and hyperinsulinemia. Alpelisib is the first PI3K inhibitor used
in cancer treatment. Laboratory evidence indicated that alpelisib-induced hyperinsulinemia offsets the drug’s efficacy, but insulin
levels were not tested in the clinical trials that evaluated alpelisib for breast cancer. Hyperglycemia could also interfere with anti-tumor
effects of PI3K inhibitors by inducing Immune tolerance and altered mitochondrial metabolism. We have monitored insulin levels in 4
breast cancer patients with concomitant metabolic syndrome treated with alpelisib, and pre-treated patients with baseline increased
insulin levels with pioglitazone, a potent insulin sensitizer, to target both hyperinsulinemia and hyperglycemia, and we report the
treatment course of these patients. All patients achieved glycemic control and were able to maintain alpelisib dose intensity. Duration
of response to alpelisib was longer than anticipated in this treatment setting. Insulin dynamics confirmed the efficacy of pioglitazone as
a specific on-target hypoglycemic and hypo-insulinemic agent in the unique setting of PI3K blockade. Our experience suggests that
targeting hyperinsulinemia in patients with is safe and feasible and results in good metabolic and oncologic outcomes.
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Introduction

Alterations in the PI3K pathway are drivers in several types of cancer including breast cancer, colorectal cancer,
endometrial cancer, prostate cancer, glioblastoma and other solid tumors." Drugs targeting this pathway are being
developed and tested in different disease settings.? Alpelisib is an oral PI3K inhibitor, active in patients with advanced
ER positive HER2 negative breast cancer harboring a PIK3CA activating mutation in combination with fulvestrant,” and
is the first PI3K inhibitor that is used in routine clinical practice. However, since the PI3K pathway also mediates
downstream effects of insulin, PI3K blockage is associated with insulin resistance, leading to hyperglycemia in most
patients.’

Obesity, metabolic syndrome and diabetes mellitus increase the risk of breast cancer, other common cancers* and cancer
mortality.” In patients treated for early-stage breast cancer, obesity and diabetes are associated with increased risk of
recurrence.® Insulin resistance, the hallmark of the metabolic syndrome and type 2 diabetes, results in hyperinsulinemia
and elevated levels of IGF1, that result in enhanced signaling via the insulin receptor and IGF1-R. Activation of these
receptors by increased levels and bioavailability of their ligands is one of the mechanisms linking the metabolic syndrome
and breast cancer progression.”® IGFIR downstream effects include activating the PI3K pathway and transactivating the
estrogen receptor.” The mechanisms linking IGFIR with breast cancer initiation and progression are complex,” however it
has been shown that IGFIR activation' is associated with breast cancer prognosis and that its sub-cellular localization to the
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nucleus to act as a transcription factor is an important mechanism of tumorigenesis.'' IGFIR is involved in cancer cell
migration and invasion.'? Other mechanisms linking the insulin resistance and IGFIR activation with cancer, such as
enhancement of epithelial-mesenchymal transition'® and stemness of breast cancer cells'* have also been suggested.

In a study with a mouse model of PIK3CA mutated breast cancer, hyperinsulinemia interfered with the therapeutic
effects of alpelisib,'> while pharmacological suppression of hyperinsulinemia enhanced the efficacy of alpelisib. The
association between hyperinsulinemia and alpelisib’s efficacy has not been tested in breast cancer patients.

Pioglitazone is a potent insulin sensitizer that reduces the risk of cardiovascular and hepatic complications of diabetes
mellitus, with beneficial effects on blood pressure and serum lipids.'®'” Its use has declined during the last decades due
to concerns regarding adverse events, specifically edema and increased fracture risk.'® Due to its insulin-sensitizing
properties, pioglitazone might be beneficial for treatment of alpelisib-induced hyperglycemia, which is caused by insulin
resistance. Pioglitazone is an inexpensive and easily available medication, and its adverse effects might be acceptable
among patients with advanced cancer.

We describe the treatment course of 4 patients in whom insulin levels were monitored alongside glucose levels and
pioglitazone was used to control hyperinsulinemia.

Patients and Methods

This report is based on a collaborative database of the Sheba and Galilee medical centers that included all consecutive
patients who were treated with alpelisib for estrogen-receptor positive metastatic breast cancer during the years 2017—
2020. We analyzed in detail the treatment course of 4 consecutive patients for whom insulin levels were monitored. The
institutional ethical boards of both institutes approved the study.

Results
Patient |

A 67-year-old female treated for metastatic estrogen receptor (ER) positive, HER2 negative breast cancer. Her cancer
recurred with bone metastases 4 years after surgery for localized disease, during adjuvant aromatase inhibitor. Her
medical history consisted of localized transitional cell carcinoma, which was excised and treated with BCG washes.
Previous treatment lines included fulvestrant and a CDK 4/6 inhibitor for 4 months and capecitabine for 3 months. After
progression on capecitabine, a PIK3CA mutation was detected, and treatments with Alpelisib 300 mg/d and exemestane
25 mg/d was initiated, with fexofenadine 180 mg once daily as skin rash prophylaxis. Metabolic background consisted of
past gestational diabetes and obesity, with a body mass index (BMI) of 28.5 kg/m*. One week following treatment
initiation her glucose levels rose to 400 mg/dL and insulin level was 265mU/I (upper normal range 25mU/l). Anti-
diabetic treatment with empagliflozin 12.5 mg per day, metformin 850 mg twice daily and pioglitazone 30 mg once daily
was initiated. In addition, to optimize glycemic control, the patient initiated a strict ketogenic diet. Subsequently, the
patient developed a grade 3 maculopapular rash and treated with topical and systemic steroids and antihistamines.
Alpelisib was halted for a week, during which her glucose had dropped to 154 mg/dL and insulin to 36 mU/l. Because of
the delayed pharmacodynamics of pioglitazone, known to achieve maximal insulin-sensitizing effect after 5-6 weeks of
treatment, it was administered continuously until treatment with alpelisib was resumed. Upon resolution of rash, alpelisib
was resumed at 300 mg/d with the concomitant diabetic regimen. Four months later, significant improvement in the liver
and bone lesions was noted on PET-CT scan. The patient continued treatment with blood glucose levels remaining stable
around 150 mg/dl and insulin levels within normal range and without further significant adverse events. Response was
maintained for 10 months, when progressive liver disease was diagnosed. Serum glucose and insulin dynamics over the
time course of treatment with alpelisib are depicted in Figure 1, alongside a medication panel deploying chronologically
administration of all agents affecting glycemic control.

Patient 2
A 64-year-old female was treated for ER positive, HER2 negative breast cancer metastatic to the liver. Her cancer
recurred 8§ years after completion of treatment for localized disease and she was treated with letrozole and a CDK 4/6
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Figure | Serum glucose and insulin dynamics over the time course of treatment with alpelisib, patient #1/. The x-axis, reflecting timeline is non-linear, black vertical lines
indicate months. Periods under active alpelisib treatment are shaded gray. Medications affecting glycemic control are depicted chronologically (lower panel).

inhibitor for 4 years. Following disease progression, she received 3 additional lines of therapy. Genomic profiling of
a biopsy from a liver metastasis detected an activating PIK3CA mutation and alpelisib with fulvestrant were started as
her 5th treatment line.

Relevant medical history included overweight (BMI 28.5 kg/m?), impaired fasting glucose and past gestational diabetes,
which indicated she had insulin resistance. To moderate hyperinsulinemia and hyperglycemia with alpelisib, she commenced
treatment with Pioglitazone 30 mg/d a week prior to alpelisib initiation. In addition, she started a low-carbohydrate diet,
aiming for consumption of 60—90 grams of carbohydrates per day. Alpelisib was initiated at a dose of 200 mg once daily with
antihistamines as rash prophylaxis and gradually increased to 250 mg per day a week later. With this regimen, blood glucose
and insulin levels were elevated to 170 mg/dl and 83mU/I respectively. At this point, empagliflozin, an SGLT?2 inhibitor, at
a dose of 10mg/d was added to her antidiabetic regimen. Three weeks later, blood glucose measurements declined to 110—
130 mg/dl with parallel decrease in insulin levels to 43mUY/1. Trajectories of glucose and insulin levels are depicted in Figure 2.
Imaging studies showed a partial response, which was maintained for 5 months, after which her cancer progressed in the liver.

Patient 3
A 57-year-old female experienced metastatic recurrence of ER positive HER2 negative breast cancer, with bone and liver
metastases, while on adjuvant exemestane. Her disease progressed four months after she began first-line fulvestrant and
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Figure 2 Serum glucose and insulin dynamics over the time course of treatment with alpelisib, patient #2. Periods under active alpelisib treatment are shaded gray.
Medications affecting glycemic control are depicted chronologically (lower panel).

a CDK 4/6 inhibitor, and genomic studies revealed a PIK3CA mutation, thus alpelisib at a dose of 300 mg/d with
letrozole 2.5 mg/d were initiated. Her past medical history was unremarkable. During the first two weeks of therapy, she
developed a grade 2 rash that was successfully treated with oral prednisone and oral antihistamines, and alpelisib was
continued at a reduced dose of 250 mg/day. Additionally, mild hyperglycemia of 135 mg/dl was documented, and she
started taking 850 mg metformin once daily. Shortly thereafter, daily pioglitazone 30 mg/d was added to the regimen.
Two months later, her fasting glucose levels were 120 mg/dl, post prandial glucose levels were 160 mg/dl and fasting
insulin levels were slightly increased at 30 mU/l. Thus, pioglitazone dose was increased to 30 mg twice daily.
Afterwards, blood glucose was well-controlled, and further anti-glycemic measures were not necessary. Seven months
after treatment initiation, alpelisib dose was reduced to 200 mg/d due to grade 3 elevations in serum lipase levels.
Imaging studies confirmed a partial response that was maintained for 1 year, when she experienced radiological
progression of liver metastases and was taken off therapy.

Patient 4

A 64-year-old woman treated for ER positive, HER2 negative breast cancer with bone and liver metastases 7 years after
completion of adjuvant therapy. Treatment lines included letrozole, fulvestrant and a CDK 4/6 inhibitor and capecitabine.
Four years after diagnosis of metastatic disease, a PIK3CA mutation was detected.

Her metabolic background included obesity with a BMI of 36 kg/m2, diabetes mellitus controlled by diet with
baseline fasting glucose 110 mg/dl, insulin levels 39 mU/l (upper normal range 25 mU/l) and hemoglobin Alc 5.9%.
Pioglitazone 30 mg/d and metformin 850 mg once daily were initiated with fulvestrant and after 3 weeks alpelisib at
a dose of 300 mg/d was added. Ten days later she developed a grade 3 rash and diarrhea treated with antihistamines and
glucocorticoids.
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After resolution of the rash, alpelisib was resumed at a dose of 200 mg/d, however fasting glucose levels rose to
180 mg/dl and insulin levels rose to 204 mU/l. Pioglitazone dose was increased to 45 mg/d, metformin increased to
850 mg X3/D and she was put on a low carbohydrate diet. PET scans performed 2 and 6 months after treatment initiation
showed a partial response and she currently continues treatment.

Discussion

We present real-life experience of approaching alpelisib-induced hyperglycemia and hyperinsulinemia. Patients with
prior metabolic syndrome are known to be at increased risk of severe hyperglycemia that may necessitate discontinuation
of alpelisib'® and may become, in rare cases, life threatening.”® Moreover, the evidence from animal models regarding
hyperinsulinemia potentially offsetting the efficacy of PI3K blockade'® suggests our treatment should target the efficacy
aspect of hyperinsulinemia in addition to the safety aspect of hyperglycemia. We have endorsed a proactive approach
towards minimizing hyperinsulinemia: preemptive metabolic screening is recommended to all patients prior to initiation
of therapy, aiming to allocate patients who are prone to develop severe insulin resistance to proactive treatment and
intense monitoring.

We chose to describe the treatment course of 4 patients for whom insulin levels were monitored meticulously and
available for presentation. Three of these patients had prior metabolic syndrome or diabetes mellitus. All patients
achieved glycemic control and were able to continue alpelisib and maintain dose intensity. Testing for insulin confirmed
the efficacy of pioglitazone in reducing insulin levels, with full hypoglycemic effect expressed 5-6 weeks after initiation
of therapy, correlating with its known effects.'® Thus, pioglitazone may be an optimal drug to treat alpelisib-induced
hyperglycemia, and can be started several days before alpelisib in patients with metabolic risk factors, to minimize acute
hyperglycemic events. Pioglitazone is an inexpensive drug, whose use declined due to concerns of increased risk of
urinary tract malignancies, edema, and bone fragility. However, recent meta-analyses have shown that rates of urinary
tract cancers are in fact unaffected by pioglitazone use”' and fracture risk increases only with prolonged use.'® Thus, it
seems that its safety profile is acceptable in the setting of advanced breast cancer.

Our patients were treated in the 3rd, 4th and 5th line setting, and were pre-treated with a CDK 4/6 inhibitor. All had
a partial treatment response which was maintained for 5—12 months, which is longer than reported in this population.**
Patient #1 had a very short PFS of 3—4 months on Fulvestrant and a CDK 4/6 inhibitor and a short PFS on chemotherapy
as well, but nevertheless achieved a prolonged response to alpelisib, lasting 10 months. Patient #3 had a similar treatment
course, with progression after 4 months from initiating fulvestrant and a CDK 4/6 inhibitor and a response to letrozole
and alpelisib that lasted for 1 year. These favorable results might be explained by selection of highly motivated and
compliant patients for monitoring insulin levels; however, the results of animal models suggest that controlling insulin
levels supports to the anti-tumor effects of alpelisib'® and thus controlling hyperinsulinemia might have contributed to
the beneficial oncological outcomes of our patients. A recent study suggested that hyperglycemia suppresses T cell anti-
tumor effects?> and PI3K inhibition increased anti- tumor immune response in a study using mouse models of metastatic
breast cancer.”* Recent evidence highlights the role of mitochondrial metabolism in tumor progression.”> PI3K signaling
is central to mitochondrial upregulation, and PI3K pathway inhibition could inhibit mitochondrial function, leading to
cancer growth arrest.”® It is thus plausible that immune activation and mitochondrial metabolism downregulation are
additional mechanisms that contribute to the synergism between improved glycemic control and anti-tumor effects of
alpelisib. Moreover, better glycemic control enables maintaining alpelisib dose intensity, which may also contribute to
the beneficial oncological outcomes.

Our cohort is small, and data was retrospectively collected. However, addressing the management of the metabolic
adverse events of PI3K inhibitors and of additional drugs targeting the PI3K pathway could become a pivotal issue in the
fore coming years, since these agents are tested for the treatment of several malignancies. Our experience suggests that
targeting hyperinsulinemia is feasible and associated with favorable metabolic and oncologic outcomes.

Conclusions
Our experience supports the approach of monitoring insulin levels in patients treated with alpelisib and aiming treatment
to control both hyperglycemia and hyperinsulinemia. We suggest that pioglitazone be used as treatment for alpelisib-
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induced hyperglycemia not controlled by metformin. Patients with pre-existing metabolic syndrome or diabetes may
benefit from pre-treatment with pioglitazone before starting alpelisib.
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