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Objective: Atorvastatin is frequently used in combination with almonertinib in lung cancer patients who present with comorbid
dyslipidemia. Both drugs are metabolized by CYP3A4, potentially leading to drug-drug interactions (DDIs) that increase the risk of
adverse reactions. This study aimed to develop a liquid chromatography-tandem mass spectrometry (LC-MS/MS) method for
quantifying almonertinib and atorvastatin and evaluate the DDIs between these two drugs in rats.

Methods: An LC-MS/MS method was developed to determine almonertinib and atorvastatin in rat plasma and was fully validated in
accordance with the ICH M10 bioanalytical method validation guideline and Chinese Pharmacopoeia 2020 Edition. Rats were divided
into 5 groups (n=7 per group), and received the following treatments: almonertinib alone, atorvastatin alone, almonertinib combined
with atorvastatin, vehicle control, or almonertinib after a long-term regimen of atorvastatin. The plasma samples were collected from
each rat and analyzed using this method. The pharmacokinetic parameters were calculated and the DDIs were evaluated.

Results: An LC-MS/MS method was established and validated according to the requirements. Animal studies revealed that co-
administration of almonertinib with atorvastatin significantly increased Cp,.x, AUCq,, and AUCy., (all p < 0.05), prolonged t,,
(p < 0.05) and decreased CL,/F, V,/F (both p < 0.05) of both drugs. Following a 7-day administration of atorvastatin, the DDIs
between the two drugs generally weakened, but still differed significantly from those observed with single-drug administration.
Conclusion: The study successfully established an LC-MS/MS method for simultaneous determination of almonertinib and atorvas-
tatin and assessed the DDIs of these two drugs in rat. Animal experiment demonstrated significant DDIs between two drugs no matter
single dose or multiple doses were administered, which obviously increased the drug exposure and inhibited elimination. Close
attention should be paid to the combination regimens of these two drugs in clinical practice.
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Introduction

Lung cancer is the leading cause of cancer-related deaths worldwide, and non-small cell lung cancer (NSCLC) accounts
for approximately 85% of all lung cancers.'* The common methods for treating lung cancer include surgery, chemother-
apy, targeted therapy, and so on. Epidermal growth factor receptor (EGFR) is a driver of lung cancer, and cancers with
EGFR mutations are usually sensitive to treatment with EGFR tyrosine kinase inhibitors (TKIs).?> The third-generation
EGFR-TKI not only exhibits outstanding therapeutic efficacy but also reduces the adverse reactions associated with
traditional EGFR-TKI, such as rash and diarrhea, making it a first-line and second-line treatment option for EGFR
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T790M mutation-positive NSCLC.* Almonertinib is a third-generation EGFR-TKI indicated for treating advanced
NSCLC with EGFR 19del, L858R, and T790M mutations. It demonstrated superior efficacy compared to other TKIs
in patients with brain metastases.* ® Due to lung cancer (particularly among middle-aged and elderly patients) often
accompanied by hyperlipidemia, the concurrent use of almonertinib and statins is common in clinical practice.
Atorvastatin is a common lipid-lowering drug widely employed to reduce cardiovascular disease risk.” Moreover,
cardiovascular disease has been associated with an increased risk of lung cancer incidence and mortality,® further
highlighting the potential for frequent co-administration of these two drug classes. Therefore, understanding the drug—
drug interaction (DDI) between almonertinib and atorvastatin is of clinical relevance.

However, according to the Basic Principles for the Clinical Application of New Anticancer Drugs (2024 Edition),’
almonertinib should be avoided in combination with statins whenever possible. For patients with brain metastases from
EGFR-mutated lung cancer, almonertinib serves as a primary treatment drug.'® Unauthorized discontinuation or
substitution may lead to rapid tumor progression and pose a life-threatening risk. Meanwhile, cardiovascular disease
risks require long-term management; elevated lipid levels increase the risk of myocardial infarction or stroke, which will
similarly severely impact patient survival and quality of life, potentially even preclude continued anticancer therapy due
to cardiovascular events. Although other EGFR-targeted agents exist, almonertinib may be the optimal choice for patients
with brain metastases due to its efficacy and activity against brain metastases. Moreover, other EGFR-TKIs show similar
risks of DDI. Therefore, ensuring the safety and efficacy of these two drugs when used in combination, while avoiding
reduced efficacy or increased toxicity due to DDI, is a critical clinical consideration.

DDI refers to the combined effects that occur when patients take two or more drugs simultaneously or sequentially within
a certain timeframe. These interactions may enhance therapeutic effects or reduce adverse reactions, but may also diminish

efficacy or cause undesirable adverse reactions. The most common DDIs include multiple CYP isoenzymes and drug
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transporters.'! CYPs are the primary enzymes involved in drug metabolism, accounting for approximately 75% of the

metabolism of clinically used drugs,'"?

and are a major source of adverse reactions. Among the various CYP enzymes,
CYP3A4 is one of the most important enzymes, participating in the metabolism of numerous commonly used drugs.
Almonertinib is a substrate of CYP3A4.'* Atorvastatin is also primarily metabolized by the CYP3A4 in the liver."
When used in combination, they may competitively bind to CYP3A4. This competition may slow the metabolic rate of
both drugs, potentially leading to reduced their clearance and increased their exposure concentrations and peak
concentrations in the body. Abnormally elevated atorvastatin blood concentration is a major risk factor for dose-
dependent muscle toxicity (such as myalgia, myositis, or even rhabdomyolysis).'>'® P-glycoprotein (P-gp) is an efflux
pump widely expressed in the gut, blood-brain barrier, and hepatobiliary mucosa, which limits drug absorption and
promotes its excretion.'” Studies indicated that almonertinib was an inhibitor of P-gp,'® while atorvastatin has also been
confirmed as a P-gp substrate.'” When co-administered, almonertinib may potentially reduce atorvastatin’s efflux by
inhibiting P-gp function, thereby increasing its intestinal absorption and decreasing biliary excretion. Such an interaction
might further contribute to atorvastatin accumulation in the body, amplifying the risk of its adverse reaction. Both

almonertinib and atorvastatin can elevate blood creatine kinase (CK) levels,' >

a biomarker of skeletal muscle injury.
Nevertheless, given that both agents may individually affect muscle homeostasis, their concurrent use may theoretically
increase the risk of myopathy. Therefore, close monitoring of CK levels and muscle-related symptoms may be warranted
when these two drugs are co-administered.

Several studies have investigated DDIs between EGFR-TKIs and statins,”'* but no research has yet investigated DDIs
when atorvastatin is co-administered with almonertinib, as these two drug were commonly prescribed in lung cancer
patients. Several studies have reported DDIs involving almonertinib,>*?° indicating that almonertinib is susceptible to the
effects of CYP3A4 and P-gp metabolism or substrate drugs. Therefore, it is highly necessary to evaluate the DDI between
atorvastatin and almonertinib. In addition, methods for quantifying either atorvastatin or almonertinib have been developed
in the literatures,”*° but there is currently no LC-MS/MS method that can simultaneously measure both of them, as the
DDI between these two drugs may influence each other, and both the drugs may bring severe adverse reactions.

Therefore, this study developed and validated a rapid, sensitive LC-MS/MS method for simultaneous determination
of almonertinib and atorvastatin. This method was applied to assess in vivo DDI between these two drugs in rats, and the
findings may provide a reference for their clinical use and help to reduce adverse reactions.

Methods and Materials

Instruments

All analysis were analyzed using an Agilent 1290 series ultra-high performance liquid chromatography coupled to an
Agilent 6460 triple quadrupole mass spectrometer equipped with an electrospray ionization (ESI) source (Agilent
Technologies, Santa Clara, CA, USA). Data acquisition and processing were completed using Agilent Mass Hunter
data processing software (Version B.07.00).

Reagents and Standards

Almonertinib (98% purity, lot No.: H2409525) was supplied by Shanghai Aladdin Bio-Chem Technology Co., Ltd
(Shanghai, China). Atorvastatin (99% purity, lot No.: 25031901) was supplied by Dingrui Chemical (Shanghai) Co., Ltd
(Shanghai, China). The internal standard Ceritinib-D7 (IS, 98% purity, lot No.: 023GB162867) was supplied by Yuanye
Biotechnology Co., Ltd (Shanghai, China). Other reagents included acetonitrile (MS grade; Merck, Darmstadt,
Germany), formic acid (MS grade; Sinopharm Group, Shanghai, China), ammonium acetate (analytical grade,
Sinopharm Group), and methanol (HPLC grade; Sinopharm Group) were used in method development. Distilled water
was supplied by Watsons Distilled Water Co., Ltd. (Shenzhen, China).

Chromatographic Conditions
Chromatographic separation was performed using an Atlantis™ T3 column (2.1 x 100 mm, 3 um). The mobile phase
consisted of 5 mM ammonium acetate containing 0.1% formic acid (phase A) and acetonitrile containing 0.1% formic
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acid (phase B). The gradient program was as follows: 0—1.0 min, 10% to 95% B; 1.0-3.5 min, held at 95% B; followed
by a 1.0 min re-equilibration step at 10% B. The total run time was 3.5 min. The flow rate was maintained at 0.3 mL/min.
Column temperature was maintained at 35°C, and the injection volume of 2 pL.

Mass Spectrometry Conditions

Analytes were ionized in positive ionization mode using an ESI source, with data acquired in multiple reaction
monitoring (MRM) mode. MS source parameters were set as follows: capillary voltage 4000 V; nebulizer pressure 45
psi; drying and nebulizer gas were nitrogen; drying gas temperature 350°C; drying gas flow 5 L/min; sheath gas heater
300°C; sheath gas flow 12 L/min. MS parameters are shown in Table 1. The mass spectrograms of almonertinib,
atorvastatin and IS are presented in Figure 1.

Stock, Working Solutions and Quality Control (QC) Samples Preparation

Stock solutions of analyte standards and IS at appropriate concentrations were prepared. Stock solutions of almonertinib,
atorvastatin, and ceritinib-d7 (IS) were prepared in methanol at concentrations of 1.0 mg/mL. Working solutions of
almonertinib and atorvastatin were obtained by serially diluting their respective stock solutions with 10% methanol to
yield concentrations of 20.0, 50.0, 100.0, 500.0, 1000.0, 2000.0, 5000.0, 7500.0, and 10000.0 ng/mL. These working
solutions were added to blank rat plasma to obtain final calibration standards at concentrations of 2.0, 5.0, 10.0, 50.0,
100.0, 200.0, 500.0, 750.0, and 1000.0 ng/mL. QC samples were obtained from separately prepared stock solutions, and
almonertinib and atorvastatin were prepared at four concentrations: 2.0 (lower limit of quantification, LLOQ), 5.0 (low
QC, LQC), 100.0 (medium QC, MQC), and 750.0 (high QC, HQC).

The working solution of ceritinib-d7 at 100 ng/mL was prepared in acetonitrile as IS. The stock solutions, working
solutions and QC samples were all stored at —80°C prior to analysis. Ceritinib-d7 was selected as the IS for the
simultaneous quantification of almonertinib and atorvastatin. The choice of ceritinib-d7 was made because its retention
time (with a retention time of approximately 1.99 min) was similar to that of the two analytes (the retention time of
almonertinib was 1.85 min, and that of atorvastatin was 2.22 min). Moreover, as a stable isotope-labeled analogue, it can
effectively compensate for the ionization efficiency and potential changes during sample processing.

Sample Pretreatment

Plasma samples were processed using a protein precipitation method. The sample preparation procedure was as follows:
100 pL of each plasma sample was mixed with 200 pL of acetonitrile solution (containing 100 ng/mL IS) in a 1.5 mL EP
tube. The mixture was vortex-mixed for 3 minutes, and then centrifuged at 14,500 X g at room temperature for
10 minutes. Finally, 2 pL of the supernatant was injected into the LC-MS/MS for quantitative analysis.

During the optimization of pretreatment methods, tests were conducted using different ratios of methanol (volume
ratio, ViV, 1:2, 1:3 1:4) and acetonitrile (volume ratio, V:V, 1:2, 1:3, 1:4) for protein precipitation. Analysis of retention
times and peak areas indicated that acetonitrile (1:2) demonstrated superior efficacy as a protein precipitant. Additionally,
we also tested various solvents for diluting the supernatant, and a mixed solvent of methanol and acetonitrile (1:1, V/V)
for dilution was tested, however, this approach did not improve almonertinib’s peak shape or response. The liquid-liquid
extraction and solid-phase extraction were tested too using the common solvents ethyl acetate, chloroform and the
extraction column Osis HLB, MCX, and MAX cartridge, but the recovery was less than 50% for all the tests. Compared
to liquid-liquid extraction and solid-phase extraction, protein precipitation is simpler, lower in cost, and less polluting.
Therefore, acetonitrile (1:2) was ultimately selected for protein precipitation prior to injection.

Table | Mass Spectrometric Parameters for the Analytes and IS

Analyte Transition | Fragmentator (V) | Collision Energy (eV)
Almonertinib 526.2—4l 1.1 180 32
Ceritinib-d7 (IS) | 565.4—516.8 116 25
Atorvastatin 559.1—-440.0 150 23
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Figure | The mass spectra of (a) almonertinib, (b) atorvastatin and (c) ceritinib-d7 (IS). ** indicates the undefined product ions.

Methodology Validation
Method validation was conducted according to the Chinese Pharmacopoeia (2020 edition) and the ICH M10, including
specificity, matrix effects, extraction recovery, linearity, lower limit of quantitation (LLOQ), intra-day and inter-day

precision and accuracy, carryover, and stability.?’®

Calibration Curves and LLOQ

Calibration curves for almonertinib and atorvastatin were evaluated at concentrations of 2.0, 5.0, 10.0, 50.0, 100.0, 200.0,
500.0, 750.0, and 1000.0 ng/mL. Linearity was evaluated by plotting the peak area ratio of each analyte to the IS against the
nominal concentration, using a least squares linear regression model with a weighting factor of 1/x%. Deviations (RE%)
between calculated and theoretical concentrations from the calibration standards were acceptable within +15%, and the
LLOQ should not exceed £20%.

Inter-Day and Intra-Day Precision and Accuracy

Inter-day and intra-day precision and accuracy were assessed by analyzing QC samples spiked at low, medium, and high
concentration levels and at the LLOQ over three consecutive days, with five replicates per concentration level per day. Precision
was determined as the relative standard deviation (RSD%), while accuracy was expressed as the relative error (RE%). For QC
samples at low, medium, and high concentrations, the acceptance criteria were set as RSD < 15% for precision and RE within
+15% for accuracy. For the LLOQ sample, RSD < 20% and RE within +20% were considered acceptable.

Matrix Effects and Extraction Recovery
Matrix effects were assessed by comparing the peak areas of analytes in post-extraction spiked samples with those in
solvent-substituted samples at equivalent concentrations. Specifically, blank plasma samples were extracted and then
spiked with working solutions to obtain post-extraction spiked samples at low, medium, and high QC concentration
levels (n = 3 per concentration level). Solvent-substituted samples were prepared at the same concentrations.
Extraction recovery was evaluated by comparing the peak areas of analytes in spiked samples with those in post-
extraction spiked samples at the same three concentration levels (n = 3 per concentration level). Spiked samples were
prepared by spiking blank plasma with working solutions prior to extraction, whereas post-extraction spiked samples
were prepared by spiking blank plasma extracts after extraction.

Stability

Stability was assessed using QC samples under the following conditions, autosampler for 24 h, room temperature for 6 h,
—80°C for 30 d, three freeze-thaw cycles (—80°C to room temperature), in three replicates and three concentration levels.
Fresh calibration curve was constructed to calculate the measured concentrations, and analytes were deemed as stable if

the deviations did not exceed £15% of the nominal concentrations.
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Carryover and Specificity

Carryover refers to the residual contamination observed in the instrument system after injecting the highest concentration
sample of calibration standards followed by a blank sample. The responses of analytes in the blank sample should not
exceed 20% of the LLOQ sample and should not exceed 5% of the IS. For the specificity, this study analyzed six
different lots of blank matrixes, blank matrix spiked with LLOQ sample and real samples. It is acceptable that the
responses of interfering substances do not exceed 20% of the LLOQ and 5% of the IS.

Evaluation of the DDI of Almonertinib and Atorvastatin in Rats

Healthy male Sprague-Dawley (SD) rats weighing 200-220 g were purchased from BiKaiKeYi biotech Co., Ltd
(Shanghai, China). This study protocol was approved and supervised by the Animal Ethics Committee of Shanghai
University of Traditional Chinese Medicine (PZSHUTCM2506150003). Rats underwent acclimatization feeding for one
week prior to the experiment (with ample food and water) and were maintained under appropriate conditions (12 h dark-
light cycle, temperature 23°C-25°C, relative humidity 50% + 10%). All rats were fasted for food for 12 h before the
experiment, with water provided. This animal study was carried out in accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory animals, and no obvious adverse reactions were found in this study. The rats
were sacrificed after the blood collection using the isoflurane and cervical dislocation.

Thirty-five healthy SD rats were randomly divided into five groups (n=7 per group). The sample size was selected based on
previous pharmacokinetic interaction studies, which employed 6 animals per group.>> Almonertinib and atorvastatin were
both suspended in 0.5% CMC-Na, and the dosage was converted from the clinically used dosage in humans based on body
weight. Both drugs administered orally once daily. Group 1 received administration of 15 mg/kg almonertinib. Group 2 was
treated with 2 mg/kg atorvastatin. Group 3 received 15 mg/kg almonertinib plus 2 mg/kg atorvastatin. Group 4 was designated
as control group and only the solvent was given. The rats in Group 5 were treated with atorvastatin at 2 mg/kg qd for 7
consecutive days, followed by 15 mg/kg qd almonertinib on day 8, administered 30 min after the final dose of atorvastatin. The
time interval between almonertinib and atorvastatin was set at 30 min (Group 3 and 5). The 7-day atorvastatin pretreatment
period was selected based on the pharmacokinetic properties of atorvastatin in rats, which reaches steady-state plasma
concentrations after approximately 5—7 days of repeated dosing.?® This regimen was designed to simulate the clinical scenario
in which patients receive long-term lipid-lowering therapy prior to initiating almonertinib treatment.

Blood samples (approximately 200 uL) were collected via the orbital venous plexus into in EP tubes containing sodium
heparin at the following time points relative to almonertinib administration: 0 h (pre-treatment), 0.25h, 0.5h, 1 h,2 h, 3 h,
4h,6h,8h, 12 h, 24 h, and 48 h. For Group 5, almonertinib was administered 30 min after atorvastatin on day 8. Blood
samples were centrifuged at 3500xg for 10 min. The supernatant was collected and stored at —80°C until analysis.

Statistical Analysis

Pharmacokinetic parameters were calculated using non-compartmental analysis with DAS 2.1.1 software (Chinese
Society of Mathematical Pharmacology, Shanghai, China). Statistical analysis of primary pharmacokinetic parameters,
including AUC, Cpax, Tmax> ti2, CL,/F, and V,/F, was performed using SPSS 25.0 statistical software (SPSS Inc.,
Chicago, IL, USA). Data are presented as mean + standard deviation (SD). For comparisons among multiple groups, one-
way analysis of variance (ANOVA) followed by Tukey’s post hoc test was applied for normally distributed data with
equal variances; otherwise, the Kruskal-Wallis H-test followed by Dunn’s post hoc test was used. For comparisons
between two groups, Student’s ¢ test was used for normally distributed data, and the Mann—Whitney U-test was applied
for non-normally distributed data. A p-value < 0.05 was considered statistically significant.

Results

Method Validation

Specificity

The retention times for atorvastatin, almonertinib, and ceritinib-d7 were 2.22, 1.85, and 1.99 minutes, respectively. The
responses of the interfering compounds did not exceed 15% of the LLOQ and 5% of the IS, conforming to the criteria of
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Chinese Pharmacopoeia (2020 edition). Figure 2 displays representative chromatograms of almonertinib, atorvastatin,
and ceritinib-d7 in different plasma samples. These include blank plasma sample (a); blank plasma sample spiked with IS
(b); blank plasma sample spiked with LLOQ and IS (c); blank plasma sample spiked with two analytes and IS (d).

Linearity

Linear regression was performed using a 1/x> weighted linear regression model to generate calibration curves within the
concentration range of 2—1000.0 ng/mL. Table 2 presents representative calibration curves for the two drugs. The LLOQ
for both almonertinib and atorvastatin is 2.0 ng/mL. The back-calculated deviation for each calibration standard was less
than 9.95% for almonertinib, and less than 9.59% for atorvastatin.

Inter- and Intra-Day Precision and Accuracy

To evaluate inter- and intra-precision and accuracy, QC samples at low, medium, and high concentration levels, along with the
LLOQ, were prepared freshly on each of three consecutive days. Three batches were analyzed, with five replicates per batch. As
shown in Table 3, both intra-day and inter-day precision values did not exceed 10.3%, and the intra-day and inter-day accuracy
ranged from —13.3% to 8.8%. Overall, the intra-day and inter-day precision and accuracy results met the requirements.
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Figure 2 Representative MRM chromatograms of almonertinib, atorvastatin, and ceritinib-d7. (a) blank plasma sample; (b) blank plasma sample spiked with IS; (c) blank
plasma sample spiked with LLOQ; (d) real sample.
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Table 2 Linearity Regression Parameters of Two Analytes

Analyses Linearity Range (ng/mL) | Calibration Curve R? LLOQ (ng/mL) | Weighting Factor

Almonertinib 2-1000 y = 0.3730%x + 0.0340 | 0.9991 2 1/y2
Atorvastatin 2-1000 y = 0.0651*x + 0.0466 | 0.9990 2 1/y2

Table 3 Inter-Day and Intra-Day Accuracy and Precision of Two Analytes (n = 5)

Compounds Nominal Intra-day Inter-Day
Concentration .. ..
Measured Precision | Accuracy Measured Precision | Accuracy
(ng/mL) Concentration RSD% RE% Concentration RSD% RE%
(mean % SD) (mean % SD)

Atorvastatin 2 2.1 £0.03 1.7 35 1.9 £0.1 6.3 —4.2
5 5.1 £0.04 0.7 2.8 47 £03 72 —6.1

100 904 + 3.1 35 —-10.6 89.2 + 24 2.6 —l12.1
750 692.0 + 382 5.5 -84 679.0 + 294 43 —-10.5

Almonertinib 2 22 £ 0.1 6.5 838 20+02 10.3 -2.5
5 45+ 0.1 23 -12.2 44 +0.1 24 —-13.8
100 904 + 2.8 3.1 —-10.6 90.9 + 3.1 34 -10.0

750 720.6 + 57.9 8.0 —4.1 752.2 + 57.6 77 0.3

Matrix Effects and Extraction Recovery

This method employed acetonitrile as the protein precipitant in the pretreatment step. Matrix effects and extraction recovery
were evaluated by analyzing samples at low, medium, and high concentration levels in triplicate. The matrix effects for
almonertinib and atorvastatin ranged from 87% to 91% and 100% to 101%, respectively. Within the commonly accepted
range for matrix effect evaluation (80%—120%), the interference from endogenous substances in biological samples was
minimal and had no significant impact on the quantitative analysis. The extraction recoveries for almonertinib and
atorvastatin in plasma samples were also acceptable, with values ranging from 88% to 93% and 92% to 96%, respectively.
The RSD% for both matrix effect and recovery was less than 15%. These results indicate that protein precipitation using

acetonitrile is effective and stable for extracting almonertinib and atorvastatin. The data are shown in Table 4.

Stability

Stability assessment was performed with three concentration levels (n = 3 per concentration level), and the results
showed that samples remained stable for up to 24 h in autosampler, up to 6 h at room temperature, and up to 30 d at
—80°C. Furthermore, samples remained stable after undergoing three freeze-thaw cycles (—80°C to room temperature).
Both RE% and RSD% values fell within acceptable ranges. The stability of almonertinib and atorvastatin in rat plasma
under various storage and processing conditions are presented in Table 5.

Table 4 Extraction Recovery and Matrix Effect of Two Analytes (n=3)

Compounds | Nominal Concentration (ng/mL) | Matrix Effects (mean £ SD) | RSD% | Recoveries (mean £ SD) | RSD%
Atorvastatin 5 101.2 + 3.1 1.9 92.6 + 5.1 37
100 101.1 +1.2 96.9 + 2.6
750 100.5 + I.8 959 % 1.6
Almonertinib 5 89.9+75 5.5 934 +38 4.1
100 9l.1 £ 44 90.4 + 4.6
750 878 £ 39 88.5 % I.1
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Table 5 Stability Results for Two Analytes (n = 3)

Compounds Nominal Room Temperature Autosampler Stability Three Freeze-Thaw Long Term for 30 Days
Concentration for 6 h Cycles (-80°C)
(ng/mL)
Precision | Accuracy | Precision | Accuracy | Precision | Accuracy | Precision | Accuracy
RSD% RE% RSD% RE% RSD% RE% RSD% RE%
Atorvastatin 5 27 -11.2 4.4 -8.0 8.0 6.7 27 -11.2
100 0.9 —-14.2 11.0 1.2 4.1 10.3 0.9 —-14.2
750 0.6 -9.3 9.5 2.7 3.1 10.3 0.6 -9.3
Almonertinib 5 7.8 -12.0 9.2 1.5 5.6 83 27 10.8
100 29 83 12.3 4.4 4.1 9.9 13.1 -38
750 5.8 1.8 6.3 -38 8.4 28 35 —-12.5

Carryover

Carryover was evaluated by measuring the peak area of the blank sample after the ULOQ of the calibration curve for
three cycles. The results showed that the peak areas of analytes in the blank sample after detecting the ULOQ sample of
almonertinib and atorvastatin were less than 20% of the peak areas of analytes in LLOQ (2.0 ng/mL), and 5% of the IS,
which met the requirements.

Animal Study for Assessing the DDIs Between Almonertinib and Atorvastatin

This newly developed method was applied to investigate the DDIs between almonertinib and atorvastatin in rats. In the
Figure 3, the mean plasma concentration-time curves for almonertinib (15 mg/kg) and atorvastatin (2 mg/kg) across five
groups were presented. The co-administration of almonertinib and atorvastatin significantly influenced the disposal of
each other. Table 6 summarizes the pharmacokinetic parameters of almonertinib and atorvastatin. Compared with single
administration of almonertinib (Group 1), co-administration with atorvastatin significantly increased almonertinib’s Cax,
AUCy, and AUCy.,, by 1.21, 2.20 and 4.01-fold, respectively, and prolonged the half-life time of almonertinib (all
P<0.05), while obviously decreased CL,/F by 66.3% (P < 0.05), and the V_/F of almonertinib also showed a decreasing
trend. For the atorvastatin, the co-administration with almonertinib also exerted significant effects on its pharmacokinetic
parameters; its Cp,.x, AUC., and AUC,_,, increased significantly by 1.96, 2.49 and 3.07-fold, respectively, and the half-
life time remarkably prolonged (all P < 0.05), while CL,/F decreased by 60.2% (all P < 0.05), and the V,/F of
atorvastatin displayed a decrease trend too. The T, of both almonertinib and atorvastatin was not influenced by each
other. There is an obviously DDIs between almonertinib and atorvastatin. To further evaluate the effect of long-term
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Figure 3 The mean plasma concentration-time profiles of almonertinib after oral atorvastatin alone and following multiple-doses almonertinib. (a) the mean plasma
concentration-time curves for almonertinib; (b) the mean plasma concentration-time curves for atorvastatin.
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Table 6 Comparative Pharmacokinetic Parameters of Almonertinib and Atorvastatin

Parameter Almonertinib | Atorvastatin Combination Long-Term
Almonertinib Atorvastatin Almonertinib Atorvastatin
Crnax(ng/mL) 268.9 + 244.9 72+ 16 325.6 + 114.9% 14.1 +7.3% 99.0 + 37.7+ 10.6 + 1.6
Tmax(h) 03 £0.1 03 +0.1 0.3 £ 0.0l 03 +0.1 04 £ 0.1 04 £0.1
ti2(h) 304 = 12.1 587 +24.2 52.0 + 17.6* 75.0 + 40.0 48.0 + 22.4 737 £ 374

AUC (ng*h/mL) | 1513.9 % 1532 | 78.6 + 10.8 | 3327.0 + 1292.0% | 195.6 + 80.0% | 1504.5 + 656.9% | 172.4 + 108.2%
AUC,...(ng*h/mL) | 1913.2 + 1282.8 | 193.4 + 86.1 | 7677.3 + 1569.0% | 594.2 + 484.4* | 3042.4 + 1200.8* | 629.0 + 339.5%
CLJF 75+ 46 120 + 4.6 2.5 + |.0% 48+ 0.1* 5.6 +2.0" 5.3 + 2.6%

V,/F 325.1 £ 1765 | 934.8 + 320.5 123.1 + 7.8 412.3 + 543 371.8 £ 200.3% | 4524 + 192.0%

Notes: *P<0.05, compared with almonertinib or atorvastatin alone; “P<0.05, compared with combination group. Values are expressed as meanSD.

administration of atorvastatin on the almonertinib, following multiple doses of atorvastatin, almonertinib was given
on day 8, and its C,,,x decreased significantly by 2.71-fold, while AUC,_,, increased by 1.59-fold, additionally, the CL,/F
of almonertinib decreased by 25.3% (all P<0.05), compared with the single administration of almonertinib. Compared
with single administration of atorvastatin, the C,,.x, AUCy_, and AUC,_,, in long-term group increased by 1.46, 2.19, and
2.40-fold, respectively, while CL,/F decreased by 56.15%. The DDIs of two drugs weakened in long-term group
compared with combination group, especially to atorvastatin. In a word, significant pharmacokinetic DDI occurred
between almonertinib and atorvastatin.

Discussion

The concurrent use of multiple medications can lead to DDIs, causing adverse reactions and compromising therapeutic
efficacy. Therefore, identifying potential DDIs to prevent adverse reactions is crucial in combination regimens. Reports
indicated that the prevalence of DDIs among elderly hospitalized patients reached as high as 45%,%° among that the
incidence of DDIs induced by CYP3A4 and P-gp significantly increased, primarily involving cardiovascular-related
medications.*® Given the high incidence of lung cancer in elderly patients, who often require long-term concomitant
statin regimen for conditions such as cardiovascular disease and hyperlipidemia, evaluating the DDIs between almo-
nertinib and atorvastatin is of great importance.

To simulate the recommended patient dosage in clinical practice, the final dosing regimen was determined based on
clinically equivalent dose and referred to published studies on almonertinib and atorvastatin dosing.?>' The adminis-
tered doses were 15 mg/kg for almonertinib and 2 mg/kg for atorvastatin, and oral gavage was used for administration.
The half-life time(t;,) of almonertinib is approximately 30 h, similar with its t;, in lung cancer patients, but much longer
than a study reported t,, in rat(2.18+1.05 h),®*' while that of atorvastatin is about 57 h, significantly longer than that
reported in human(8.8 + 2.06 h) or in rat(2.74 +0.23 h),”>? and this results may be explained by the differences in
experimental conditions, sample size, strains of animals and so on; importantly, a study reported that the CMC-Na in
solvent showed inhibitory effect on absorption process,* and this study added 0.5% CMC-Na, which may detain some
drugs in the intestine.

This study found that compared with monotherapy, the combined use of the two drugs increased the C., of
almonertinib by approximately 1.21-fold and the C.,. of atorvastatin by approximately 1.96-fold, along with
a marked prolongation of half-life. Concurrently, CL,/F and V,/F were significantly reduced. Therefore, it can be
hypothesized that almonertinib and atorvastatin interact with each other, may inhibit their metabolism and elimination,
as the T,.. showed no obviously change after combination. Additionally, we found that the AUC,., value of
almonertinib observed increased approximately 4-fold. This might be due to the small sample size, which limited the
reliability of the statistics, but all seven rats showed an increase in exposure, and no obvious outliers dominated the
average effect. We speculate that these alterations may be attributed to both drugs being metabolized by the CYP3A4,
and almonertinib and atorvastatin are substrates for P-gp and BCRP efflux transporters; inhibition of CYP3A4 and P-gp
and/or BCRP can lead to increased systemic exposure of both drugs.'*!” Although no mechanistic experiments were
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conducted in this study to confirm these pathways, the observed pharmacokinetic changes are consistent with such
a mechanism. Some studies reported that the combination of erlotinib and simvastatin caused rhabdomyolysis in
patients,** suggesting that vigilance regarding muscle-related adverse reactions may also be warranted for the almoner-
tinib—atorvastatin combination, even though no such events have been reported to date.

Since achieving steady-state plasma concentrations requires 5—7 half-lives for a drug in vivo, this study designed
a 7-day oral administration of atorvastatin to achieve steady-state concentrations in rats before co-administration, which
could comprehensively investigate the effects of atorvastatin administration on the almonertinib disposal. After a long-
term of atorvastatin administration, it was found that the C,,,x of both drugs decreased significantly compared with the
combination group. This may be attributed to prolonged exposure of atorvastatin to CYP3A4/P-gp/BCRP, which may
induce upregulation of these enzymes, leading to accelerated catabolism and elimination. However, this interpretation
remains speculative and requires further investigation, as the present study did not assess enzyme or transporter
expression levels. The CYP3A4/P-gp pathways exist in both rats and human. Although quantitative extrapolation
requires caution, the qualitative DDI observed is relevant to clinical practice. Co-administration may increase drug
exposure and myopathy risk. Monitoring creatine kinase and muscle symptoms is advisable, and prospective clinical
studies are warranted.

This study has several limitations; (1) the mechanisms mentioned are largely speculative and require further
investigations; (2) no animal model of lung cancer was used to observe pharmacokinetic interactions; (3) species
differences exist between rats and humans. These represent major limitations. Our findings should therefore be
considered as preliminary evidence of a potential DDI. Therefore, further researches in clinical settings are needed to
confirm whether similar DDIs occur in humans.

Conclusion

This study established a rapid, sensitive, and reliable LC-MS/MS method for the simultaneous quantification of
almonertinib and atorvastatin in rat plasma. The method features a short run time (3.5 min) and simple, cost-effective
plasma sample preparation. Co-administration significantly altered the pharmacokinetic profiles compared with mono-
therapy, resulting in increased exposure and prolonged half-life of both drugs. Following 7-day’s atorvastatin pretreat-
ment, these interaction effects were attenuated, suggesting that the duration of atorvastatin exposure may influence the
extent of the interaction. While the observed exposure increases may theoretically elevate the risk of dose-dependent
adverse reactions, this study did not directly assess safety endpoints. The findings should be interpreted with caution, as
the study was conducted in healthy rats and mechanistic experiments were not performed. Further pharmacokinetic and
clinical studies are warranted to clarify the clinical significance of this DDI.
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