The 2nd International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/3/20220314

Alpelisib: a novel PI3K inhibitor for the treatment of breast

cancer

Yanting Shao?, Yue Yao?* and Meiyi Zhang?®

!Shanghai United International School Jiaoke Campus, Shanghai, China, 201400
2China Pharmaceutical University 639 LongMian road, NanJing, China, 210000
3Shunde Wende School Hong Kong Division, Foshan, Guangdong, China, 528000

42020190797 @stu.cpu.edu.cn

Abstract. Breast cancer is a common malignancy that causes people to die easily, especially for
women. HR-positive and human epidermal growth factor receptor 2 (HER2)-negative breast
cancers occur in more than 70% of patients, who have a driver mutant kinase catalytic subunit
alpha (PIK3CA) in the phosphatidylinositol 4, 5-diphosphate 3-kinase gene, resulting in im-
paired phosphatidylinositol 3-kinase (PI3K) and in 40% of cases, loss of cell growth. However,
drug resistance remains a problem in the early stages of endocrine therapy in these patients. And
a promising new approach to overcome resistance to autologous treatment in breast cancer is the
inhibition of PI3K. Alpelisib is a selection PI3K inhibitor for HR-positive, HER2-negative,
PIK3CA patients - with mutant breast cancer that has advanced on autologous treatment. FDA
approved alpelisib in 2019 which was produced by Novartis Pharmaceuticals Corporation. It is
recommended to take this drug with fulvestrant which is also an estrogen receptor antagonist
that slows the growth of breast cancer. Although alpelisib is an effective drug for the treatment
of breast cancer, some adverse reactions may happen, such as stomatitis, nausea, diarrhe, derma-
titis, and so on. Sometimes it also causes skin reactions, such as SIS, TEN, EM. Thus, when
these serious adverse reactions happen, dosage should be reduced. As a result, some recommen-
dations are provided for patients, and they must follow the instructions in order to live a more
pleasant life. In this article, the working mechanism, structure, characteristics, clinical studies of
alpelisib were reviewed and its comparison with other drugs was also provided for reference.
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1. Introduction

According to the newest data, the breast was the second leading neoplasm, and breast cancer ranked in
top five which were causes of non-communicable deaths [1]. Some kinds of skin cancer are the most
common. It is common to see that breast cancer happens among women who are fifty years or over.
However, young women will also get this cancer too. Breast cancer is a cancer that can treat difficultly,
and young survivors may find it overwhelming. CDC is currently focusing on calling for people to know
more about breast cancer. At the same time, they are also trying to improve young women'’s life quality.
The death rate of Black women is higher than White women. Although it is really rare to happen to men,
the truth is that they may get breast cancer. In the US, it can be found about 1 out of every 100 breast

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).

475



The 2nd International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/3/20220314

cancers are diagnosed, and the most common type of breast cancer in men are the same type in women
[2].

Alpelisib is a PI3K (phosphatidylinositol 3-kinase) inhibitor that selectively acts on p110-a. PI3K
pathway is one of the significant signaling pathways in cells and is also a frequent signaling pathway
with the unusual presentation in cancer cells. Regulation of cell growth, differentiation, glucose
transport, and apoptosis are involved in the PI3K signaling pathway. PI3K, Akt and mTOR are three
important "junctions™ of this pathway. PI3K, Akt and mTOR are the three important "connectors” of
this pathway, among which PI3K plays a key role in this pathway by converting PIP2 to PIP3 to activate
downstream effectors [3-5]. PI3Ks are a family of lipid kinase proteins divided into three classes with
different structures and functions of each isoform. PI3Ks can be subdivided into PI3Ka, PI3Kf, PI3K6
and PI3Ky. PI3Ka is distributed in various tissues and organs and is closely related to cancer [6].

Alpelisib is produced by Novartis Pharmaceuticals Corporation. Clinical studies have shown that
alpelisib can significantly prolong progression-free survival and increase patients’ survival compared
with placebo. Although alpelisib is a useful drug to treat the breast cancer, there are still several precau-
tions mentioned that what kind of diseases are not allowed to use the alpelisib, so doctors can adjust the
dosage of drug for the patients. Many studies have also identified adverse reactions including blood
glucose increased, diarrhea, rash and so on. In addition, some suggestions are provided for patients and
they need to follow the instructions in order to have an easier lives.

The article mainly reviewed the advancement of alpelisib about its working mechanism, structure,
characteristics, clinical studies and compared it with other similar drugs to provide reference to clini-
cians and patients.

2. The working mechanism of alpelisib

PI3K is an active intracellular Pl kinase (phosphatidylinositol kinase). PISBK/AKT/mTOR signaling
pathway is one of the major signaling pathways in cells. At present, three types of PI3K have been
found, among which class 1A PI3K is a heterodimer composed of P85 regulatory subunit and P110
catalytic subunit [7], which is obviously associated with human cancer [8]. P110a, p110p and p1106 are
three homologous class 1A catalytic isomers [9]. Normally, to initiate receptor tyrosine kinase activation,
the p85 regulatory subunit interacts with p110 and inhibits its activity, p110 is deregulated [10,11] and
PIP2 is phosphorylated at the matrix membrane to generate PIP3. The second messenger PIP3 leads to
phosphorylation of PDK-1 [12-14]. Furthermore, Akt phosphorylates downstream factors, including the
MTOR complex [15,16]. (Figure 1) On the other hand, tumor suppressor phosphatase and PTEN
dephosphorylated PIP3, thereby counteracting the effect of PI3K signaling [17].
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Figure 1. The signaling of mammalian rapamycin (mTOR)/Akt/phosphoinositol-3-kinase (PI13K) pathway
[24].
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Nearly 40% of ER+/HER?2 - patients have highly activated a-type PI3K (P110a) and PIK3CA gene
mutations, which lead to the activation of PI3K signaling pathway and promote tumor proliferation,
metastasis and invasion. PIK3CA gene mutations in women may develop breast cancer. Women with
mutations in the PIK3CA gene increased risk of suffering from not only breast cancer but also other
common female-associated cancers [3,14,18-20] Therefore, mutant PIK3CA is likely to become a
biomarker and a new risk factor for breast cancer, especially ER+/HER2 - breast cancer, as a biomarker
and a new therapeutic target [21-23].

Alpelisib is the first PI3K inhibitor whose inhibitory activity primarily targets PI3Ka. PI3K catalyzes
PIK3CA, leading to PI3Ka and Akt signaling activation, cell transformation and tumorigenesis. In vivo,
alpelisib inhibits the PI3K/Akt signaling pathway and reduces tumor growth, which shows that protein
inhibition of PI3K kinase induces an increase in ER (estrogen receptor) transcription in breast cancer
cells, manifests antitumor activity in the presence of Alpelisib.

3. Comparison drug and alpelisib

Alpelisib, Ribociclib and Everolimus are three breast cancer drugs with different drug targets, all devel-
oped by Novartis. CDK4/6 is overactive in many malignant tumors, especially HR-positive breast can-
cers, and shows significant activity, contributing to the proliferation and spread of cancer cells, while
CDKA4/6 inhibitors inhibit tumor cell proliferation by blocking the cell cycle during the growth phase.
Inhibitors of CDK4/6 may inhibit tumor cell proliferation by blocking the cell cycle during the growth
phase. PI3K/Akt/mTOR pathway causes Akt gene to go out of control and activates mTOR to trigger
abnormal cell growth. Cross-linking with a variety of intracellular signaling pathways can inhibit the
spread of breast cancer cells by inhibiting their own pathways.

Ribociclib is a cell cycle protein-dependent kinase 4 and 6 (D-CDKA4/6) inhibitor. These kinases are
excited by binding to cell cycle proteins and function as key players in signaling pathways that lead to
cell cycling progression and cell multiplication. Regulating cell cycle progression is phosphorylated by
this cell cycle protein-D-CDK4/6 complex through the retinoblastoma protein (pRb). ribociclib de-
creases pRb phosphorylation, resulting in G1 phase cessation of the cell cycle and inhibition of breast
cancer cell line multiplication. It was shown that in a human rat xenograft model, treatment of tumor
cells with a single drug, Rbociclib, resulted in a reduction in tumor volume associated with inhibition of
pRb phosphorylation.

Everolimus, an anticancer drug, is a small-molecule inhibitor of mTOR that interferes with the
growth of cancer cells and slows their spread in the body. Its mammalian target is a protein kinase,
which can block the activity of the target. Regulation stimulates cell growth and angiogenesis.

4. Structure and characteristics of alpelisib

In May, 2019, FDA approved a new drug called alpelisib and it was being treated for breast cancer. The
form of alpelisib is a white powder, and it is sold in tablets. There are several specifications of this drug,
such as 50 mg, 150 mg, and 200 mg. The recommended dosage is 300 mg and when patients are taking
this drug, it is better to take it with food. Patients should try their best to take the drug regularly, which
means that if a patient take it at three o’ clock in the afternoon, it is better to follow this schedule for
every single day. It is still possible that patients forget to take it, but it is better to remember to take it in
nine hours [25]. However, if it is over than nine hours, patients do not need to take it, and the drug still
needs to take as usual on the next day. To remind, alpelisib should be taken as a whole, which means
that it is not allowed to eat by pieces, or chew it, or crush it [25].

Secondly, if some adverse reactions happened to patients, the dosage can be decreased to 250 mg, or
the reaction is more serious, it can be reduced to 200 mg. If it is possible that the dosage must be de-
creased to under 200 mg, the patients should not use alpelisib because this drug is not suitable for them
[25]. The common adverse reactions include hyperglycemia, stomatitis, nausea, diarrhea, cravings, rash,
fatigue, so the dosage needed to reduce, or suspend or discontinue taking the alpelisib when these ad-
verse reactions happened on patients [25]. Throughout looking for some previous cases, they showed
that for patients who got severe adverse reactions which were some severe allergic reactions include
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dyspnea, flushing, rash, fever, or tachycardia [25]. Although the reactions above did not happen fre-
guently, once they happened, patients did not allow to use alpelisib anymore which was permanent
discontinuation [25]. SJS, TEN and EM were three serious skin reactions that may occur after taking
alpelisib. Thus, if these situations happened, patients also have to stop taking this drug until they knew
which disease they got. At the same time, if patients got the three skin reactions above, they have to
discontinue taking the medicine. In a contrast, if the patients did not get three skin reactions, doctors
could adjust the dosage or maybe doctors could suggest they to take the drug in another way.

As mentioned above, it was better to take with foods, and there was a suggestion which was also to
take alpelisib with fulvestrant [25]. This is because fulvestrant is an estrogen receptor antagonist that
binds to estrogen receptors in breast cancer cells, and it works by binding and blocking the estrogen
receptor, which slows the growth of cancer [26]. Then, for the pahrmacokinetics of Alpelisib, the expo-
sure of this drug was proportional to the increase in dose in the range of 30 to 450 mg. The time to reach
Cmax was about 2 - 4 hours. Daily diet had no essential impact on the exposure of Alp. But, when
patients were eating high- fat and high- calorie diets, the AUC increased 73%, and Cmax rose by 84%;
when patients were eating low- fat and low-calorie diet, the AUC increased 77%, and Cmax rose by
145% [25]. In vitro, chemical breakdown and enzymatic hydrolysis made up the majority of Alp's me-
tabolism. Alpelisib was mostly metabolized by cytochrome P, CYP in the liver. BZG791 was a primary
metabolite, and CYP3A4 was a only small part of metabolism. On the contrary, without eating anything,
the most amount of metabolism was through excreting which could excrete about 81% ( 36% for the
original drug, 32% for BZG791). The other small amount of metabolite was passed through urine which
was about 14% ( 2% for original drug, 7.1% for BZG791) [25].

5. Clinical studies

Alpelisib's PI3K selectivity and pharmacokinetics led to successful breast cancer trials and the drug's
FDA approval in 2019 [27]. Novartis has 23 clinical trials planned for the treatment of PIK3CA gene
mutated breast cancer, of which one lacks complete data. The remaining 22 trials have a cumulative
total of 2,853 breast cancer patients, including 15 Phase | trials with 1,390 patients, 2 Phase I/11 trials
with 91 patients, 4 Phase Il trials with 800 patients, and 1 Phase 11 trial with 572 patients. At the time
of FDA approval, the majority of clinical trials had been completed, with a few clinical trials still in data
processing. Numerous phase Il and 11 clinical studies on alpelisib are now being conducted to identify
the best suitable patient category for the medicine as well as other tumor indications and drug combina-
tion regimens. According to preliminary findings, alpelisib may be effective for solid tumors, gas-
troesophageal junction adenocarcinoma, advanced lung cancer, and advanced gastric cancer. Two rep-
resentative clinical trials were reviewed in this article.

5.1. SOLAR-1 (NCT02437318)

SOLAR-1 is a randomized, double-blind, placebo-controlled phase 3 study aimed at evaluating the ef-
ficacy and safety of a-specific PI3K inhibitor + fulvestrant in patients with advanced PIK3CA mutation,
HR+ and HER2- breast cancer [28].

In this trial, alpelisib and fulvestrant were compared with placebo and fulvestrant. Patients were di-
vided into two groups based on the presence of PIK3CA mutations in tumor tissue. Progression-free
survival in the PIK3CA mutant group was the primary goal of the study. Integrated responsiveness and
security were added as secondary objectives [28]. The SOLAR-1 study showed that the addition of
alpelisib to fulvestrant therapy was statistically and clinically significant. After more than three years of
follow-up, three times as many patients in the alpelisib plus fulvestrant group as in the placebo plus
fulvestrant group continued treatment [29].

Clinical trials have shown alpelisib’s activity in patients with advanced breast cancer with a PIK3CA,
HR-positive and HER2-negative mutation occurring during or after treatment with aromatase inhibitors
[28]. As a result, integrating genetic testing for PIK3CA mutations into regular clinical practice may
help in therapy selection. Moreover, this drug's diagnostic kit is used to assess individuals who are can-
didates for alpelisib treatment so that doctors can test the mutation of the PIK3CA gene which is a
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biomarker and establish treatment plans based on the molecular type of breast cancer. As a result, al-
pelisib may change how people with advanced breast cancer are treated. It is anticipated that alpelisib
will provide tumor patients with more treatment options as research into the drug progresses.

5.2. BYLieve (NCT03056755)

The SOLAR-1 trial, on which alpelisib's first approval was based, began before CDK4/6i therapy be-
came a first-line treatment standard. In SOLAR-1, prior therapy with early CDK4/6i in combination
with an aromatase inhibitor improved progression-free survival in the alpelisib+fulvestrant group in
comparison with the placebo+fulvestrant group [30].

BYLieve is a phase 2 multicenter, open-label, uncontrolled trial currently evaluating the safety and
efficacy of alpelisib combined with fulvestrant in hormone receptor-positive (HR+), HER2-negative
(HER2-) and PIK3CA-mutated advanced breast cancer (ABC) patients [31].

Consistent with the results of the solar-1 study, BY Lieve demonstrated that alpelisib + fulvestrant is
an active treatment option with controlled toxicity for patients with confirmed pik3ca-mutated disease
who immediately received cdk4/6i with Al [31,32]. Although BY Lieve had three parallel groups, each
was evaluated individually, and the study was not intrinsically comparable in nature. In an absence of a
comparator, analysis was performed to match the real-world cohort to offer further perspective into the
results. Regardless of the treatment regimen, the combination of alpelisib with fulvestrant was consist-
ently improvement in patients of BYLieve cohort A when compared to standard therapies for patients
with HR+, HER2-, PIK3CA-mutated ABC, and previous CDK4/6i-based therapy [33].

6. Conclusion

Breast cancer is one of the common malignant tumors that affect women. There are some drugs used in
treatment, however, the tolerability of these drugs will continue to be an issue due to their different
virulence properties. In 2019, the GDA approved its use in conjunction with fulvestrant for the treatment
of advanced or metastatic breast cancer that includes PIK3CA mutations and is HR+/HER2-. Alpelisib
is now the focus of multiple clinical trials to discover the optimal patient groups for the drug, as well as
alternative tumor indications and drug combination regimens. As research develops, it is expected that
tumor patients will have access to more effective therapies in the future. Numerous studies revealed that
patients who take alpelisib could nevertheless experience a wide range of negative side effects. Never-
theless, it is still a good choice for people who suffer from breast cancer if they follow precautions and
be careful with the usage and dosage. Breast cancer has existed for a long time, and it is one of the most
serious cancers for women, with a high fatality rate.If drugs can act on all three common signalling
pathways, mammalian rapamycin (mTOR)/Akt/phosphoinositol-3-kinase (PI3K), then there may be fur-
ther therapeutic benefits for breast cancer Despite the fact that scientists have conducted extensive re-
search on breast cancer and that there are numerous drugs and technologies available around the world,
there is still room for improvement in these drugs and technologies, which means that they cannot com-
pletely cure breast cancer. Thus, in the future, scientists and doctors still need to work in this field and
study further on it.
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