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Abstract 

Alpelisib is the first alpha-specific phosphatidylinositol-3-kinase (PI3K) inhibitor indicated for the treatment of hor‑
mone receptor-positive, human epidermal growth factor receptor 2-negative, PI3K catalytic subunit alpha-mutated, 
advanced, or metastatic breast cancer. Substantial attempts have been made to extend its clinical use to other types 
of cancer. Analytical methods proven to accurately quantify alpelisib would improve the reliability of the preclinical 
and clinical data of alpelisib. Therefore, we developed and validated a quantification method based on liquid chro‑
matography–tandem mass spectrometry for alpelisib in mouse and human plasma samples. Alpelisib and an internal 
standard (IS; enzalutamide) were separated from endogenous substances using an XTerra MS C18 column with a lin‑
ear gradient of 0.1% formic acid in water and 0.1% formic acid in acetonitrile. Multiple reaction monitoring transitions 
for alpelisib and the IS were m/z 442.1 > 328.0 and m/z 465.0 > 209.1, respectively. The calibration curve for alpelisib 
was confirmed to be linear in the range of 1–2000 ng/mL in both mouse and human plasma. The intra- and inter-day 
accuracy and precision met the acceptance criteria, and no significant matrix effects were observed. Alpelisib was 
stable under various storage and handling conditions, and the carryover effect was overcome using the injection loop 
flushing method. We successfully used this assay to study the in vitro metabolic profiles and in vivo pharmacokinet‑
ics of alpelisib in mice. Here, to the best of our knowledge, we report for the first time a valid quantitative method 
for alpelisib in mouse and human plasma, which could aid in providing valuable pharmacokinetic information on 
alpelisib to increase its clinical availability.
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Introduction
Phosphatidylinositol-3-kinase (PI3K) is a plasma mem-
brane-associated lipid kinase composed of three sub-
units: the p85 regulatory, p55 regulatory, and p110 
catalytic subunits (Yu et  al. 1998). The catalytic subunit 
p110 can also be divided into four isotypes: alpha, beta, 

gamma, and delta forms encoded by the PI3K catalytic 
subunit (PI3KC) A, PIK3CB, PIK3CG, and PIK3CD, 
respectively (Reif et  al. 2004). PI3K forms part of the 
PI3K/protein kinase B (PKB, also known as AKT)/mam-
malian target of rapamycin (mTOR) signaling pathway, 
which is critical for cellular functions such as cell growth, 
motility, metabolism, survival, and angiogenesis (Davis 
et  al. 2015). Additionally, activation of the PI3K/AKT/
mTOR pathway has been reported to be associated with 
tumor development and resistance to anticancer agents 
(Liu et al. 2009). Thus, enormous efforts have been dedi-
cated to evaluating the potential therapeutic effects of 
PI3K inhibitors, both alone and in combination, against 
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various cancer types (Wu et al. 2009; Heavey et al. 2014). 
The first approved PI3K inhibitor for the treatment of 
certain blood cancers was idelalisib (Zydelig®, devel-
oped by Gilead Sciences), which was approved in 2014 
(US FDA 2014). Since then, several anticancer drugs 
have been approved by the Food and Drug Administra-
tion (FDA) of the USA, including copanlisib (Aliqopa®, 
developed by Bayer) and duvelisib (Copiktra®, developed 
by Verastem), which are pan-PI3K inhibitors, in 2017 and 
2018, respectively (Brown 2019).

In 2019, the FDA approved the first alpha-specific PI3K 
inhibitor, alpelisib (Piqray®, developed by Novartis), for 
the treatment of hormone receptor (HR)-positive, human 
epidermal growth factor receptor 2 (HER2)-negative, 
PIK3CA-mutated, advanced, or metastatic breast can-
cer in combination with fulvestrant (Markham 2019; 
Narayan et  al. 2021). Alpelisib inhibits the alpha iso-
form of PI3K with much higher potency than other iso-
forms (IC50 values for alpha, beta, delta, and gamma 
forms: 4.6, 1156, 250, and 290  nM, respectively) (Juric 
et  al. 2018). Patients with HR-positive/HER2-negative/
PIK3CA-mutated, advanced, or metastatic breast cancers 
exhibited a statistically significant improvement in pro-
gression-free survival (PFS) when co-treated with fulves-
trant and alpelisib as compared to that with fulvestrant 
alone (median PFS: 11.1  months vs 3.7  months) (André 
et  al. 2019). Considering that the PI3K pathway is the 
most frequently activated oncogenic pathway in breast 
cancers and unselective blockage of the PI3K pathway by 
pan-PI3K inhibitors leads to unexpected adverse effects 
(Mukohara 2015), the alpha-specific PI3K inhibitor alpe-
lisib can be considered as a promising anticancer agent 
for treating breast cancer.

As PIK3CA mutations are also frequently observed 
in various cancers other than breast cancer (Samuels 
and Waldman 2010), substantial attempts have been 
made to extend its clinical use to other cancer types. 
Oropharyngeal cancer (NCT03601507), meningiomas 
(NCT03631953), and gastric cancer (NCT04526470) are 
representative examples of the target diseases of ongo-
ing or planned clinical trials with alpelisib, and the tar-
get cancer types are expected to be extended further 
based on recent reports (Mollon et al. 2018; Tayyar et al. 
2021; Zaryouh et  al. 2021). The extension of its use to 
new cancer targets starts with various preclinical stud-
ies; in particular, in  vivo tumor xenograft mouse stud-
ies to show robust anticancer efficacy against the target 
cancer type are essential. To conduct safe clinical trials, 
it is imperative to understand the in vivo pharmacokinet-
ics of the drug to select the appropriate dose. Thus, the 
use of valid analytical methods to determine drug con-
centrations is inevitable in preclinical and clinical studies. 
To the best of our knowledge, valid analytical methods 

for the quantification of alpelisib in biological matrices 
have only been reported for rat plasma (Seo et al. 2021; 
Wang et al. 2021). However, large plasma sample volumes 
(100 µL) were used in these studies; therefore, the meth-
ods are not feasible for pharmacokinetic studies in mice, 
the most commonly used species for xenograft studies, 
considering that a small volume of blood is available from 
mice. Although Wang et  al. (2021) applied a simplified 
pretreatment method for rat plasma compared to that 
reported by Seo et  al. (2021), improvement of the peak 
shape for alpelisib in a chromatogram is required owing 
to the shoulder peak to produce reproducible results. 
Several clinical studies on alpelisib have been reported 
(Mayer et al. 2017; Juric et al. 2018); however, to the best 
of our knowledge, there are no valid analytical methods 
for the quantification of alpelisib in human plasma.

Therefore, we developed a rapid and sensitive analyti-
cal method for quantifying alpelisib in mouse and human 
plasma using liquid chromatography–tandem mass 
spectrometry (LC–MS/MS). We validated the use of the 
developed method in line with FDA and European Medi-
cines Agency (EMA) guidelines. Using a valid analytical 
method, we successfully quantified alpelisib in in  vitro 
and in vivo pharmacokinetic studies in mice.

Methods
Chemicals and reagents
Alpelisib and enzalutamide, which was used as an inter-
nal standard (IS), were purchased from MedChemEx-
press (Monmouth Junction, NJ, USA). High-performance 
liquid chromatography (HPLC) grade acetonitrile and 
methanol were purchased from J.T. Baker (Phillipsburg, 
NJ, USA). Formic acid was purchased from Sigma-
Aldrich (St. Louis, MO, USA). Ultrapure water, used as 
a component of the mobile phase, was obtained using a 
Milli-Q water system (Merck Millipore, Burlington, MA, 
USA).  Heparinized blank mouse and human plasma 
was obtained from Innovative Research, Inc. (Novi, MI, 
USA), and heparinized capillaries were purchased from 
Kimble Chase Life Science and Research Products, LLC 
(Rockwood, TN, USA). All other reagents were of ana-
lytical grade and were used without further purification.

Instruments
An LC–MS/MS system comprising an Agilent 1260 
series HPLC system (Agilent Technologies, Santa Clara, 
CA, USA) and an API 3200 mass spectrometer (AB 
SCIEX, Framingham, MA, USA) equipped with a turbo 
electrospray interface was used in this study. The mass 
spectrometer was operated in the multiple reaction 
monitoring (MRM) mode with positive electrospray ioni-
zation (ESI+) for the quantification of alpelisib and the 
IS. The optimized collision energy voltages were 33 and 
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35 V for alpelisib and the IS, respectively, and the source 
temperature was set at 550 °C. The most abundant prod-
uct ions were at m/z 328.0 from the precursor ion at m/z 
442.1 for alpelisib, and at m/z 209.1 from the precursor 
ion at m/z 465.0 for the IS. Chromatographic resolution 
of alpelisib and the IS was performed using a reversed-
phase HPLC column (XTerra MS C18, 50 mm × 2.1 mm, 
5  µm; Waters Corporation, Milford, MA, USA) with a 
linear gradient of 0.1% formic acid in water and 0.1% for-
mic acid acetonitrile (90%:10% → 5%:95%, v/v) at a flow 
rate of 0.4 mL/min for 5 min. The autosampler tempera-
ture was set at 10 °C. Instrument control and data analy-
sis were performed using Analyst software version 1.5.2 
(Applied Biosystems, Foster City, CA, USA).

Sample preparation
A 20  µL aliquot of mouse or human plasma sample 
was added to 80  µL of acetonitrile containing 300  ng/
mL of the IS to induce the precipitation of plasma pro-
teins. After vortexing for 10  min, the mixture was cen-
trifuged at 13,500×g for 10 min at 4 °C. The supernatant 
was transferred to a 96-well sample plate, and 10 μL was 
injected into the LC–MS/MS system.

Preparation of standard and quality control samples
Standard stock solutions (1000  µg/mL) of alpelisib and 
the IS were prepared in dimethyl sulfoxide (DMSO). 
Standard working solutions of alpelisib were prepared 
by serial dilution of the standard stock solution with 
methanol. The IS solution was prepared in acetonitrile 
at a final concentration of 300 ng/mL. Calibration stand-
ard samples for alpelisib were prepared by spiking 2 µL of 
standard working solution into 18 µL of blank mouse or 
human plasma to produce final concentrations of 1, 2, 10, 
50, 200, 400, 800, and 2000  ng/mL. In addition, mouse 
and human plasma quality control (QC) alpelisib sam-
ples of 3 ng/mL (low QC; LQC), 150 ng/mL (middle QC; 
MQC), and 1600 ng/mL (high QC; HQC) were prepared 
using the same process as that for the standard samples.

Method validation
The analytical method of alpelisib was evaluated in 
terms of selectivity, sensitivity, linearity, and intra-/
inter-day accuracy and precision in accordance with the 
FDA and EMA guidelines (EMA CHMP 2012; US FDA 
2018). The selectivity, defined as the extent to which an 
analyte in the plasma can be determined without inter-
ference from the matrix, was evaluated using six blank 
mouse or human plasma samples obtained from different 
individual sources. Interference from endogenous com-
pounds present in mouse or human plasma was investi-
gated by comparing the chromatograms obtained from 
blank plasma, plasma spiked with only alpelisib, plasma 

spiked only with the IS (zero blank), and plasma spiked 
with both alpelisib and the IS. Sensitivity, which is the 
lowest analyte concentration in the matrix that can be 
measured with acceptable accuracy and precision, was 
evaluated by the lowest limit of quantification (LLOQ) 
showing adequate accuracy and precision and ≥ 5 times 
the analyte response of the zero blank. The linearity of 
the assay was determined using standard samples con-
taining 1–2000  ng/mL alpelisib. Standard samples were 
processed as described above, and linear regression 
analysis was performed using a constructed calibra-
tion curve. The accuracy and precision of the analytical 
method were determined at four different concentrations 
(LLOQ, LQC, MQC, and HQC), which were prepared 
independently from the calibration samples, by repeating 
the experiments for three days (n = 6/day). The intra- and 
inter-day accuracy was determined by the deviation of 
the calculated concentrations from the nominal concen-
trations and presented as relative error [RE (%) = (calcu-
lated concentration-nominal concentration)/nominal 
concentration × 100]. The acceptance criteria of accuracy 
for inter- and intra-assay were defined within ± 15% of 
nominal concentrations, except for LLOQ, where the cal-
culated concentration should be within ± 20% of nominal 
concentrations. The intra- and inter-day precision was 
determined using the relative standard deviation [RSD 
(%) = standard deviation of the calculated concentration/
mean calculated concentration × 100] at each concen-
tration level. Precision was confirmed by the acceptance 
criteria of RSD ≤ 15%, except for LLOQ (RSD ≤ 20% for 
LLOQ).

Recovery, matrix effect, and process efficiency
The recovery, matrix effect, and process efficiency were 
evaluated in triplicate at three different QC levels, follow-
ing a previously reported method (Chae et al. 2012; Lee 
et al. 2012). The recovery was calculated by dividing the 
mean peak area of an analyte added before precipitation 
(set 3) by the mean peak area ratio of an analyte spiked 
in the post-precipitation matrix (set 2). The mean peak 
area of an analyte spiked in the post-precipitation matrix 
(set 2) was compared with that of an analyte spiked in the 
mobile phase (set 1) to calculate the matrix effect. The 
ratio of the mean peak area of an analyte added before 
precipitation (set 3) to that of an analyte in the mobile 
phase (set 1) was defined as the process efficiency. The 
recovery, matrix effect, and process efficiency were calcu-
lated for the IS (300 ng/mL) in the same manner.

Stability
The stability of alpelisib in mouse and human plasma 
was assessed using three QC samples in triplicate under 
various storage and handling conditions: bench-top, 
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long-term, freeze–thaw, and autosampler storage. For the 
assessment of bench-top stability, QC samples contain-
ing alpelisib were maintained at room temperature for 
6 h prior to sample preparation. The freeze–thaw stability 
assessment was performed by repeating three cycles of 
freezing at − 20 °C for at least 12 h followed by thawing 
at room temperature. To evaluate long-term stability, the 
samples were stored at − 20 °C for 1 month and then pro-
cessed as described above. To determine the autosampler 
stability, QC samples were processed by protein precipi-
tation and allowed to stand at 10 °C for 10 h. Stability was 
determined by comparing the measured concentrations 
of samples stored under the conditions mentioned above 
with nominal concentrations. The stability of stock solu-
tions of alpelisib and the IS was also assessed after stor-
age at − 20 °C for 6 months.

Dilution effect
The dilution effect was evaluated for samples with con-
centrations above the upper limit of quantification 
(ULOQ). Plasma samples containing tenfold or fivefold 
concentrations of HQC were prepared from mouse or 
human plasma, respectively, and then diluted using blank 
plasma. The mixture was processed according to the 
method described above, and the analyte concentration 
was determined. Accuracy was determined by comparing 
the calculated concentrations to nominal concentrations 
and was considered acceptable when the deviation was 
within ± 15%. The acceptance criterion for precision was 
defined as RSD ≤ 15%.

In vitro and in vivo pharmacokinetic study of alpelisib
Metabolic stability of alpelisib was determined using 
mouse and human liver microsomes. Alpelisib dissolved 
in DMSO was diluted to a final concentration of 1 µM in 
a reaction mixture consisting of 160 µL potassium phos-
phate buffer, 1  mM β-nicotinamide adenine dinucleo-
tide phosphate, and 0.5  mg/mL human or mouse liver 
microsomes. This mixture was incubated at 37  °C, and 
the reaction was terminated at 0, 10, 30, and 60 min by 
adding ice-cold acetonitrile containing the IS. After cen-
trifugation of the samples, the supernatant was stored at 
− 20 °C until LC–MS/MS analysis.

The pharmacokinetic properties of alpelisib were 
investigated in  vivo using mice. Animal experiments 
were performed in accordance with the Guidelines 
for Animal Experiments of the Korea Research Insti-
tute of Bioscience and Biotechnology (approval num-
ber: KRIBB-AEC-20309). Male ICR mice (8  weeks old) 
were obtained from Orient Bio (Seongnam, Gyeonggi, 
Republic of Korea). They were maintained under a con-
trolled environment (12 h light/dark cycle; temperature, 
22 ± 2  °C; relative humidity, 50 ± 5%) with free access to 

water and food for at least 1 week. Mice were fasted for 
at least 8  h with free access to water before the experi-
ment. A dosing solution of alpelisib for intravenous (IV) 
administration was prepared in a solvent composed of 
saline, PEG400, ethanol, and DMSO (44:50:5:1) at a con-
centration of 2  mg/mL. A dosing solution of alpelisib 
for oral administration was prepared in a solvent of 20% 
2-hydroxypropyl-beta-cyclodextrin in water, saline, and 
ethanol (50:45:5) at a concentration of 5 mg/mL. There-
after, alpelisib was injected into the tail vein (10 mg/kg) 
or administered orally (50 mg/kg) to mice. Following IV 
administration of alpelisib, blood was collected from the 
retro-orbital sinus using heparinized capillaries at 0 (pre-
dose), 5, 15, and 30 min, and 1, 2, 4, 6, 8, and 24 h post-
dose. In the group assigned to oral administration, blood 
was obtained at 0 (pre-dose), 15, and 30  min, and 1, 2, 
4, 6, 8, and 24  h post-dose. The blood was centrifuged 
immediately after collection at 13,500 × g for 10  min at 
4  °C, and the plasma fractions were stored at − 20  °C 
until LC–MS/MS analysis.

A standard non-compartmental analysis was per-
formed to calculate the pharmacokinetic parameters for 
alpelisib using WinNonlin® Professional 8.1 software 
(Pharsight Corporation, Mountain View, CA, USA). The 
area under the plasma concentration–time curve from 
time zero to the last quantifiable point (AUC​last) was cal-
culated using the linear trapezoidal method, and the area 
under the plasma concentration–time curve from time 
zero to infinity (AUC​inf) was obtained using the linear 
trapezoidal method with standard extrapolation. The ter-
minal half-life (T1/2) was obtained by dividing 0.693 by 
λ, where λ represents the slope of the terminal phase in 
the log-linear phase of the concentration–time profile. 
The total clearance (CL) was calculated using dose/AUC​
inf, and the steady-state volume of distribution (Vss) was 
calculated using moment analysis. The maximum plasma 
concentration (Cmax) and Tmax, which represents the time 
to reach Cmax, were directly obtained from the plasma 
concentration–time profiles from individual mice. Oral 
bioavailability (F) was calculated by dividing the dose-
normalized AUC​inf after oral administration by that after 
IV administration.

Results and discussion
LC–MS/MS conditions
The LC–MS/MS conditions were optimized to produce 
a symmetric peak shape and reproducible results with-
out significant interference. The ESI + mode was applied 
because of the lower noise and higher signal intensity 
for alpelisib compared to that for the negative ion mode. 
Enzalutamide was selected as the IS owing to its struc-
tural similarity to alpelisib. The most abundant precursor 
ions [M + H]+ for alpelisib and the IS were observed at 
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m/z 442.1 and 465.0, respectively. The m/z of 328.0 was 
selected as the product ion of alpelisib because it showed 
greater sensitivity than that shown by other fragmenta-
tions. Thus, the final selected MRM transition for alpelisib 
was 442.1 > 328.0, and that for the IS was 465.0 > 209.1 
(Fig. 1), which resulted in the highest signals and stable 

product ions. Various compositions of the mobile phase 
(e.g., 0.1% formic acid in water/0.1% formic acid in ace-
tonitrile, 10  mM ammonium acetate in water/10  mM 
ammonium acetate in acetonitrile, and 5  mM ammo-
nium acetate in 0.1% formic acid in water/methanol/
acetonitrile) were investigated to determine the optimal 

Fig. 1  Structures and mass fragmentation of a alpelisib and b the internal standard (enzalutamide)
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peak shape and sensitivity, along with acceptable selec-
tivity. The final chosen conditions for the mobile phase 
comprised a linear gradient of 0.1% formic acid in water 
and 0.1% formic acid in acetonitrile (90%:10% → 5%:95%, 
v/v). In addition to the mobile phase, the column type 
is a critical component that produces high sensitiv-
ity and selectivity. Reverse phase columns including an 
XTerra MS C18 column (2.1 mm × 50 mm, 5 µm, 125 Å; 
Waters Corporation), ZORBAX Eclipse XDB-C8 column 
(2.1 × 50  mm, 3.5  µm, 80 Å; Agilent Technologies), and 
ZORBAX Eclipse XDB-Phenyl column (2.1 × 50  mm, 
5  µm, 80  Å; Agilent Technologies) were tested in this 
study considering the physicochemical properties of 
alpelisib. The ZORBAX Eclipse XDB-C8 column showed 
the highest sensitivity; however, carryover issues could 
not be resolved even with various injection loop flush-
ing methods [0.2% formic acid in 50% acetonitrile, 0.1% 
formic acid in 70% methyl alcohol, isopropyl alcohol: 
acetonitrile: methyl alcohol: water mixed at a ratio of 
1:1:1:1 (v/v/v/v), 0.1% formic acid in 100% methyl alco-
hol, and 100% methyl alcohol]. In contrast, the XTerra 
MS C18 column produced an appropriate sensitivity 
without a carryover effect when the injection loop was 
flushed with 100% methanol; therefore, this column was 
finally selected for the analysis of alpelisib in plasma. To 
the best of our knowledge, this is the first study to report 
a method for overcoming the carryover effects in chro-
matographic analysis. In addition, improved symmetric-
ity and reduced tailing effect were observed with this 
method compared to those in a previously reported study 
(Wang et al. 2021).

Sample preparation
We attempted to develop a simple and rapid sample 
preparation method compared to a previously reported 
method (Seo et al. 2021), while providing sufficient sen-
sitivity and negligible interference from the matrix. 
Various ratios of plasma and acetonitrile for sample 
preparation were investigated, and the final selected ratio 
was 1:4 (20 µL of plasma and 80 µL of acetonitrile), which 
allowed high sensitivity and selectivity and provided an 
efficient process for sample preparation.

Selectivity and sensitivity
Figure 2 shows chromatograms for blank plasma, plasma 
spiked only with the IS (zero blank), plasma samples at 
a concentration of 1  ng/mL (LLOQ) of alpelisib, and 
mouse plasma samples obtained 1  h after oral admin-
istration of alpelisib at a dose of 50  mg/kg. The reten-
tion times for alpelisib and the IS were 2.8 and 2.9 min, 
respectively, and no significant interference was identi-
fied at the retention time of alpelisib or the IS in blank 
plasma obtained from six individual mice or humans. The 

LLOQ, which was confirmed to meet the requirement 
(≥ 5 times the response at the retention time of the ana-
lyte in the zero blank) in accordance with the guidance, 
was determined to be 1  ng/mL with adequate accuracy 
and precision from six replicates in three runs. Therefore, 
we confirmed that this analytical method is sufficiently 
selective and sensitive for the detection of alpelisib in 
mouse and human plasma.

Calibration curve
The calibration curve for alpelisib was confirmed to 
be linear in the range of 1–2000  ng/mL in mouse and 
human plasma. The typical regression equation for the 
curve was y = 0.0224x + 0.00154, where x is the concen-
tration ratio of alpelisib/IS and y is the peak area ratio 
of alpelisib/IS. The coefficient of determination (r) was 
higher than 0.990 in each validation run, confirming the 
acceptable linearity of this analysis method. In addition, 
more than 75% of the nonzero standard samples met the 
acceptance criteria in each validation run, satisfying the 
acceptance criteria for the calibration curve defined in 
the guidelines.

Accuracy and precision
Accuracy and precision were determined using LLOQ, 
LQC, MQC, and HQC samples (1, 3, 150 and 1600 ng/
mL, respectively). The RE was within ± 5%, and the 
RSD was less than 10% in both matrices (Table 1). These 
results indicate that the analytical method developed in 
this study is accurate and precise enough to be applied 
for the quantification of alpelisib in mouse and human 
plasma.

Recovery, matrix effect, and process efficiency
The recovery, matrix effect, and process efficiency of this 
method were determined at three QC levels for alpelisib 
(3, 150, and 1600 ng/mL) and one concentration for the 
IS (300 ng/mL) (Table 2). The recoveries for alpelisib were 
90.8–100% and 91.1–101% in mouse and human plasma, 
respectively, and those for the IS were 102% and 98.0% 
in mouse and human plasma, respectively, indicating that 
the present sample processing method provides adequate 
recoveries for both the analyte and IS. Mean peak areas 
of alpelisib spiked post-precipitation were 96.8–99.9% 
and 96.8–101% of the mean peak areas in a neat solution 
in mouse and human plasma, respectively, and those for 
the IS were 99.8% in both matrices, suggesting that no 
significant matrix effect exists for the analysis of alpe-
lisib and the IS using this method. Overall, the process 
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Fig. 2  Typical multiple reaction monitoring chromatograms of alpelisib and the internal standard (IS; enzalutamide). a Blank mouse plasma; b blank 
mouse plasma spiked with the IS (300 ng/mL); c lowest limit of quantification (LLOQ; 1 ng/mL) sample in mouse plasma; d mouse plasma sample 
collected at 1 h after oral administration of alpelisib at a dose of 50 mg/kg in mice; e blank human plasma; f blank human plasma spiked with the IS 
(300 ng/mL); and g LLOQ (1 ng/mL) sample in human plasma
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Fig. 2  continued
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efficiency was within 85–115% for alpelisib and the IS in 
both matrices.

Stability
The stability of alpelisib was evaluated at three different 
QC levels (LQC, MQC, and HQC; 3, 150, and 1600 ng/

mL, respectively) in both mouse and human plasma 
under various storage and handling conditions, which 
were relevant to the present LC–MS/MS analytical 
method (Table  3). When QC samples were maintained 
at room temperature for 6 h, deviations in the measured 
concentrations were less than 5% compared to those of 

Fig. 2  continued

Table 1  Intra-/inter-day accuracy and precision of alpelisib in mouse and human plasma

RE, Relative error, calculated as (calculated concentration − theoretical concentration)/theoretical concentration × 100%; RSD, relative standard deviation, calculated 
as standard deviation of concentration/mean concentration × 100%;  and SD, standard deviation

Nominal concentration (ng/mL)

LLOQ LQC MQC HQC

1 3 150 1600

(A) Mouse plasma

Intra-day (n = 6)

  Measured concentration (ng/mL; mean ± SD) 1.00 ± 0.03 3.05 ± 0.27 149 ± 6 1530 ± 70

  Accuracy (RE, %) 0.000 1.61 − 0.667 − 4.17

  Precision (RSD, %) 3.23 8.85 4.29 4.42

Inter-day (n = 18)

  Measured concentration (ng/mL; mean ± SD) 0.998 ± 0.030 2.97 ± 0.19 145 ± 9 1570 ± 60

  Accuracy (RE, %) − 0.189 − 1.11 − 3.26 − 1.98

  Precision (RSD, %) 3.02 6.37 6.15 3.80

(B) Human plasma

Intra-day (n = 6)

  Measured concentration (ng/mL; mean ± SD) 0.998 ± 0.010 3.08 ± 0.09 154 ± 1 1550 ± 10

  Accuracy (RE, %) − 1.13 2.56 2.33 − 3.13

  Precision (RSD, %) 0.961 2.97 0.798 0.816

Inter-day (n = 18)

  Measured concentration (ng/mL; mean ± SD) 0.977 ± 0.019 3.03 ± 0.12 153 ± 6 1610 ± 70

  Accuracy (RE, %) − 2.29 0.963 2.30 0.451

  Precision (RSD, %) 1.98 3.83 3.76 4.09
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nominal concentrations. Long-term storage of mouse 
and human QC samples at – 20 °C for 1 month and three 
freeze–thaw cycles was determined to be adequate in 
terms of the stability of alpelisib, as the measured con-
centrations were close to the theoretical values. The sta-
bility in post-preparative samples (storage at 10  °C for 
10 h, which is identical to the conditions in the autosa-
mpler) ranged from 91.0–99.9% and 102–108% in mouse 
and human plasma, respectively, with RSD less than 8%. 
In addition, the stock solutions of alpelisib and the IS 
were stable with storage at – 20  °C for 6 months (97.9–
106% of the nominal concentrations). Collectively, these 
results implied that alpelisib was stable under all condi-
tions tested in this study.

Dilution effect
The reported concentration of alpelisib after oral admin-
istration of 3 mg/kg in mice is 686 ng/mL (EMA CHMP 
2020). Assuming a dose-proportional increase in sys-
temic exposure to alpelisib, the expected mouse plasma 
concentrations after oral or IV administration of the 

Table 2  Recovery, matrix effect, and process efficiency of alpelisib and the internal standard in mouse and human plasma 
(mean ± SD, n = 3)

a Matrix effect (%) = mean peak area of an analyte added post-precipitation (set 2)/mean peak area of an analyte in neat analyte solution (set 1) × 100
b Recovery (%) = mean analyte peak area of an analyte added before precipitation (set 3)/mean peak area of an analyte added post-precipitation (set 2) × 100
c Process efficiency (%) = mean analyte peak area of an analyte added before precipitation (set 3)/mean peak area of an analyte in neat analyte solution (set 1) × 100

Nominal concentration (ng/mL)

LQC MQC HQC

3 150 1600

(A) Alpelisib

Mouse plasma

  Recovery (%)a 90.8 ± 1.3 91.0 ± 0.3 100 ± 0

  Matrix effect (%)b 99.9 ± 1.5 96.8 ± 0.7 99.8 ± 0.8

  Process efficiency (%)c 92.2 ± 1.4 88.4 ± 0.7 98.9 ± 0.6

Human plasma

  Recovery (%) 93.1 ± 0.7 91.1 ± 0.3 101 ± 1

  Matrix effect (%) 101 ± 1 96.8 ± 0.3 97.3 ± 0.4

  Process efficiency (%) 94.7 ± 1.0 88.0 ± 0.7 98.5 ± 1.6

Nominal concentration (ng/mL)

300

(B) Internal standard (enzalutamide)

Mouse plasma

  Recovery (%) 102 ± 2

  Matrix effect (%) 99.8 ± 1.3

  Process efficiency (%) 100 ± 1

Human plasma

  Recovery (%) 98.0 ± 2.2

  Matrix effect (%) 99.8 ± 1.5

  Process efficiency (%) 96.6 ± 1.9

Table 3  Stability of alpelisib in mouse and human plasma 
(mean ± SD, n = 3)

Storage condition Nominal concentration (ng/
mL)

LQC MQC HQC

3 150 1600

(A) Stability in mouse plasma

  Bench top (room temperature 
for 6 h)

104 ± 4 102 ± 0 99.1 ± 1.1

  Long term (− 20 °C for 1 month) 96.0 ± 1.6 101 ± 2 100 ± 2

  Freeze–thaw (3 cycles) 104 ± 1 110 ± 1 99.5 ± 4.1

  Autosampler (10 °C for 10 h) 99.9 ± 3.3 91.0 ± 4.9 93.7 ± 7.5

(B) Stability in human plasma

  Bench top (room temperature 
for 6 h)

102 ± 1 103 ± 1 102 ± 1

  Long term (− 20 °C for 1 month) 104 ± 1 100 ± 3 100 ± 1

  Freeze–thaw (3 cycles) 105 ± 1 104 ± 1 97.9 ± 1.0

  Autosampler (10 °C for 10 h) 108 ± 1 106 ± 1 102 ± 1
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planned dose (50 or 10 mg/kg for oral or IV administra-
tion, respectively) were above the ULOQ of the present 
method, highlighting the necessity of evaluating dilution 
integrity in mouse plasma. The RE and RSD for tenfold 
dilution in mouse plasma were 0.217 and 0.474%, respec-
tively. In addition, considering that the reported Cmax of 
alpelisib after oral administration of 300 mg (a currently 
approved dose) in humans is 2380 ng/mL (Bertho et  al. 
2021), the integrity of the fivefold dilution was tested 
in human plasma. The RE and RSD for fivefold dilution 
in human plasma were 0.833 and 2.34%, respectively. 
These results indicated that the dilution method was 
accurate and precise for samples with concentrations 
of up to 20,000 and 10,000 ng/mL in mice and humans, 
respectively.

Pharmacokinetic study of alpelisib in mice
Cytochrome P450 (CYP)-mediated metabolism is the 
most prevalent metabolic process in drugs. Thus, we 
determined the metabolic stability of alpelisib using 
mouse and human microsomes that exhibit CYP activ-
ity to investigate the mechanism of alpelisib elimination. 
The residual levels of alpelisib after incubation in the 
mouse and human microsomes are shown in Fig. 3. The 
remaining amount of alpelisib was 83.8% and 87.2% after 
incubation in mouse and human microsome reaction 
mixtures for 60 min, respectively, indicating that phase I 
metabolism mediated by CYPs is not likely a major route 
for the elimination of alpelisib. Other metabolic pro-
cesses may be involved in the degradation of alpelisib, but 
further investigation of the metabolic pathway of alpe-
lisib is required.

To investigate the in  vivo pharmacokinetic properties 
of alpelisib, it was administered intravenously or orally at 
a dose of 10 or 50 mg/kg, respectively, and plasma sam-
ples collected at designated times were used to determine 

the alpelisib concentration. In each run, to quantify the 
concentrations of alpelisib in mouse plasma, it was con-
firmed that ≥ 67% of the QC samples and ≥ 50% of the 
QCs per level were within ± 15% of the nominal concen-
trations in accordance with the FDA and EMA guide-
lines. Samples with concentrations above the ULOQ 
were diluted tenfold to be within the linear range of the 
calibration curve. The plasma concentration–time pro-
files following IV and oral administration of alpelisib are 
shown in Fig. 4, and the pharmacokinetic parameters are 
summarized in Table 4. After IV administration of 10 mg/
kg, the plasma concentration of alpelisib decreased 
almost monoexponentially with an estimated T1/2 of 
1.09 ± 0.07  h. AUC​inf and Vss were 25,700 ± 5,700  ng·h/
mL and 648 ± 87 mL/kg, respectively. The calculated CL 

Fig. 3  Residual levels of alpelisib (%) after incubation with 
β-nicotinamide adenine dinucleotide phosphate in human (closed 
circles) and mouse liver microsomes (open circles). Each data point 
represents the mean ± SD (n = 3 for each group) Fig. 4  Plasma concentration–time curve (semilogarithmic scale) 

of alpelisib after intravenous (IV, 10 mg/kg; closed circles) or oral 
administration (PO, 50 mg/kg; open circles) in mice. Each data point 
represents the mean ± SD (n = 4 for each group)

Table 4  Pharmacokinetic parameters of alpelisib after 
intravenous (10 mg/kg) or oral administration (50 mg/kg) in mice 
(mean ± SD, n = 4)

a Calculated by (AUC​PO/DosePO)/(AUC​IV/DoseIV) × 100

AUC, Area under the plasma concentration–time curve; CL, total clearance; 
Cmax, maximum plasma concentration; F, bioavailability; SD, standard deviation; 
T1/2, terminal half-life; Tmax, time to reach Cmax; and Vss, steady-state volume of 
distribution

Parameter Intravenous Oral

Tmax (h) – 0.875 ± 0.250

Cmax (ng/mL) – 11,400 ± 6,000

T1/2 (h) 1.09 ± 0.07 7.86 ± 4.93

AUC​last (ng·h/mL) 25,600 ± 5,600 73,500 ± 24,300

AUC​inf (ng·h/mL) 25,700 ± 5,700 84,000 ± 16,400

CL (mL/h/kg) 402 ± 85 –

Vss (mL/kg) 648 ± 87 –

F (%)a – 65.4
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value following IV administration was 402 ± 85  mL/h/
kg, which was similar to the reported value for alpelisib 
(EMA CHMP 2020), showing a relatively slow rate com-
pared to the hepatic blood flow rate in mice (5400 mL/h/
kg) (Davies and Morris 1993). Following oral administra-
tion, the plasma concentrations increased rapidly with 
a Tmax of 0.875 ± 0.250 h and Cmax of 11,400 ± 6,000 ng/
mL, which was very close to the expected value with 
the assumption of dose proportionality of systemic 
exposure (11,433  ng/mL expected using results with 
3  mg/kg administration assuming a dose-proportional 
increase in systemic exposure). The T1/2 was estimated 
to be 7.86 ± 4.93 h after oral administration of alpelisib, 
showing differences from that after IV administration 
(1.09 h). When we assume a dose-independent increase 
in systemic exposure to alpelisib after oral administra-
tion, as mentioned above, mechanisms other than satura-
tion in the elimination process may explain the different 
T1/2 values depending on the dosing route. Thus, further 
investigation is warranted to elucidate the observed dif-
ferences in T1/2. The percentage of the AUC extrapolated 
from the last quantifiable drug concentration to infinity 
was less than 20% for IV and oral administration (0.626% 
and 12.6%, respectively), indicating that the sampling 
schedule of the study was well determined and the LLOQ 
of the present analytical method was sufficiently low 
for application in this pharmacokinetic study. With the 
assumption that absolute bioavailability with IV admin-
istration is 1, the oral bioavailability (F) of alpelisib was 
calculated as 65.4% in mice.

Conclusion
An LC–MS/MS method was developed and validated to 
quantify alpelisib in mouse and human plasma samples. 
Selectivity, sensitivity, linearity, intra-/inter-day accuracy, 
and precision were determined to be adequate accord-
ing to the FDA and EMA guidelines. Alpelisib was stable 
under various handling and storage conditions, and no 
significant matrix effect or carryover was observed. We 
successfully used this assay to study the in vitro metabolic 
profiles and in vivo pharmacokinetics of alpelisib in mice. 
Here, to the best of our knowledge, we report for the first 
time a valid quantitative method for alpelisib in mouse 
and human plasma, which could aid in providing valuable 
pharmacokinetic information on alpelisib to increase its 
clinical availability.
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