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ABSTRACT

Megestrol is commonly used to address appetite loss, cachexia, and significant weight loss 
in cancer or acquired immune deficiency syndrome patients. This study aimed to assess the 
pharmacokinetics and determine the bioequivalence of two orally administered megestrol 
acetate suspensions (625 mg/5 mL) in healthy Korean male subjects. A randomized, open-
label, single-dose crossover study was conducted involving fifty-four healthy male subjects 
who were randomized into two sequence groups. Each subject received either a test or 
reference drug formulation of 625 mg/5 mL megestrol acetate with a two-week washout 
period between treatments. Plasma samples were collected before and up to 120 hours after 
administration, and their plasma drug concentrations were analyzed using validated liquid 
chromatography–mass spectrometry/mass spectrometry. The pharmacokinetic parameters 
were calculated, and bioequivalence was confirmed if the 90% confidence intervals of the 
geometric mean ratios were within the specified bounds of 80.00% to 125.00%. In total, 
fifty-two subjects completed the study, contributing to the pharmacokinetic analysis. The 
90% confidence intervals for the geometric mean ratios of the test formulation compared 
to the reference formulation were 93.85% to 108.90% for maximum plasma concentration 
and 91.60% to 101.78% for area under the concentration-time curve from the point of 
administration to last time point of blood sampling. Throughout the study, no serious or 
unexpected adverse events were observed.
The pharmacokinetic profiles of both formulations of megestrol acetate (625 mg) were 
comparable and well tolerated in healthy Korean male adult subjects. The test formulation 
met regulatory criteria for bioequivalence.
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INTRODUCTION

Cachexia refers to a phenomenon in which despite the intake of sufficient calories, there 
is a decrease in body weight, loss of appetite, or an imbalance in effects. The metabolic 
changes triggered by cancer cachexia, such as autophagy, elevated energy expenditure, 
nutrient sequestration by tumors, and proteolysis, collectively result in reduced oxidative 
capacity of cardiac muscle, disrupted mitochondrial homeostasis, and muscle atrophy, 
ultimately culminating in weight loss [1]. Cancer cachexia is multifactorial and cannot be 
fully reversed by nutritional support. It stems from both reduced food intake and metabolic 
abnormalities, which appear to be influenced by factors originating from the tumor and the 
host [2]. The incidence of cachexia symptoms, including loss of appetite and weight loss, 
in cancer patients varies depending on the underlying disease. These symptoms have been 
reported in approximately 14% to 85% or more of patients [3-5]. Some studies have indicated 
that approximately 77% of cancer patients with appetite loss report experiencing distress 
associated with this symptom [6]. Additionally, cachexia causes weight loss, negatively 
affects patient quality of life, and may reduce a patient's capacity to respond to chemotherapy 
[7]. Death normally occurs when weight loss is approximately 30% due to severe cachexia [8].

Megestrol acetate is a synthetic derivative (17α-acetoxy-6-methylpregna-4,6-diene-3,20-
dione) of a naturally occurring progestational agent that is similar to progesterone [9]. 
Megestrol acetate is a progestogen widely used in the palliative treatment of endometrial 
carcinoma and breast cancer, and in clinical use, appetite improvement and weight gain 
have been observed [10]. Some studies have indicated that approximately 95% of cancer 
patients report improved appetite [11]. The precise mechanism by which megestrol acetate 
induces weight gain is unclear [12]; however, the following mechanisms have been predicted: 
i) Megestrol acetate can increase neuropeptide Y (NPY) levels, and the orexigenic effects 
of orexigenic peptides, such as NPY, are mediated through neuronal nitric oxide synthase, 
which activates adenosine monophosphate kinase, resulting in a decrease in malonyl 
coenzyme A and increased food intake [13]. ii) Megestrol acetate inhibits calcium (Ca2+) 
channel currents. The inhibition of calcium channel currents by megestrol acetate may 
promote appetite by reducing the activity of ventromedial nucleus neurons involved in satiety 
mechanisms [14]. iii) The action of megestrol acetate includes the inhibition of inflammatory 
cytokines, including interleukin (IL)-1, IL-6, tumor necrosis factor alpha, and interferon 
gamma, leading to a reduction in cytokine secretion and a potential amelioration of cancer 
cachexia [12,15].

Megestrol acetate can cause glucocorticoid-related side effects, including adrenal 
insufficiency [16]. Additionally, patients may experience adverse reactions such as 
rash, menstrual irregularities, hyperglycemia, diarrhea, headache, dizziness, lactate 
dehydrogenase elevation, nausea, abdominal pain, dyspnea, cough, and thrombosis. 
However, it has been reported that the incidence of thromboembolic phenomena is less than 
5%, and no serious unexpected adverse events (AEs) have been reported in studies using 
megestrol acetate oral suspension at doses up to 1,200 mg/day [17-19].

Megestrol acetate is a Biopharmaceutics Classification System (BCS) class II drug with low 
aqueous solubility (2 µg/mL) and high membrane permeability [20]. BCS Class II drugs 
may exhibit incomplete and variable absorption when administered orally, depending on 
gastrointestinal conditions [20]. It has also been difficult to optimize the dosage of megestrol 
acetate due to its pharmacokinetic characteristics, which are similar to those of other BCS 
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Class II drugs. These characteristics include reduced bioavailability and susceptibility to 
food intake when taken orally [21]. Although megestrol acetate has increased bioavailability 
when administered after a high-fat meal [22], in clinical use, it is usually administered under 
fasting conditions because it is used in patients with cachexia. This has led to improvements 
in formulation by using a new formulation with higher absorption rates. Several studies have 
shown that compared to tablets, suspensions of nanoparticles enhance the bioavailability of 
BCS Class II compounds, such as megestrol. They also aid in the oral absorption of the drug, 
reducing the effects of food [23-25].

This clinical trial was conducted to compare the bioequivalence between a test and reference 
drug with the same dosage and formulation.

METHODS

Subjects
This study targeted healthy adult male subjects aged 19 to 55 years with a body weight of 50 
kg or more and a body mass index (BMI) between 18.0 and 30.0 kg/m2. Subjects underwent 
a medical history assessment, physical examinations, clinical laboratory tests, 12-lead 
electrocardiography, a medication history assessment, a vital sign assessment, and other 
evaluations to determine eligibility for participation based on the inclusion/exclusion criteria.

This study was conducted at the Clinical Trial Center of Chungbuk National University 
Hospital in accordance with the protocol approved by the Ministry of Food and Drug Safety 
and the Institutional Review Board (IRB) of Chungbuk National University Hospital (IRB No. 
2022-04-030). Additionally, this study adhered to the principles of the Helsinki Declaration, 
Korean Good Clinical Practice, and applicable laws and regulations. Prior to performing 
any study-related procedures, the subjects provided written informed consent during the 
screening period (ClinicalTrials.gov identifier: NCT06147908).

Study design
The study was a randomized, open-label, two-way, single-dose oral crossover trial in healthy 
subjects (Fig. 1).
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Subjects were admitted to the clinical trial center on day -1 and randomly assigned in 1:1 
ratio to the two sequence arms (Sequence A: reference-test, Sequence B: test-reference). 
Fifty-four subjects were administered a single oral dose of either the reference or test 
investigational drug in a fasting state on day 1. Immediately thereafter, they were instructed 
to drink 10 mL of water twice, for a total of 20 mL of water consumed. This study utilized the 
Megace F suspension (Boryung Pharmaceuticals, Seoul, Korea) as the reference drug and 
the Daewon Megestrol ES suspension (Daewon Pharmaceutical, Seoul, Korea) as the test 
drug, both of which were administered at a dose of 625 mg/5 mL. Subjects were hospitalized 
until 24 hours postdose and then returned for outpatient visits until 120 hours postdose for 
pharmacokinetic blood sampling and safety testing. The washout period between each dose 
was two weeks.

PK evaluation
Blood samples for single-dose pharmacokinetic evaluation were obtained at predose, 10, 
20, 30 and 45 minutes and 1, 1.25, 1.5, 2, 3, 4, 5, 6, 8, 12, 24, 48, 72, 96 and 120 hours after 
administration. At each time point, approximately 6 mL of blood was collected into a K2 
ethylene diamine tetraacetic acid tube and centrifuged at 4°C and 3,000 rpm for 10 minutes. 
The plasma was then aliquoted into polypropylene tubes and stored at approximately −80°C 
until analysis.

Plasma concentrations of megestrol acetate were determined using liquid chromatography 
(SHIMADZU LC-40, SCIEX, Mundelein, IL, USA) with tandem mass spectrometry 
(TQ5500+(2), SCIEX) in positive ion mode in accordance with the Ministry of Food and Drug 
Safety bioanalytical method validation guidelines.

The single-dose pharmacokinetic parameters of megestrol acetate were determined using 
a noncompartmental method with Phoenix WinNonlin® Version 8.3.5 (Certara, Princeton, 
NJ, USA). The pharmacokinetic parameters of megestrol acetate, such as the maximum 
plasma concentration (Cmax) and time to reach Cmax (Tmax) were directly derived from observed 
individual plasma concentration–time profiles. The terminal elimination half-life (t1/2) 
was calculated as the natural logarithm of 2 divided by λz, the terminal elimination rate 
constant estimated during the linear decline phase of the natural logarithm-transformed 
individual plasma concentrations. The areas under the concentration–time curve from the 
point of administration to last time point of blood sampling (AUCt) and the areas under 
the concentration–time curve from the point of administration to infinity (AUCinf ) were 
calculated using the linear trapezoidal method (linear trapezoidal linear interpolation). The 
apparent clearance and volume of distribution were calculated as the administered dose 
divided by the AUC.

Safety evaluation
Safety was evaluated based on AEs, physical examinations, 12-lead electrocardiograms, vital 
signs and clinical laboratory tests, including urinalysis. Documentation of all AEs involved 
recording signs and symptoms and coded with system organ classes and preferred terms 
according to the Medical Dictionary for Regulatory Activities version 25.0. AEs were graded 
as mild, moderate or severe, and their causality was assessed to determine if they were related 
to megestrol acetate. An adverse drug reaction (ADR) was defined as an AE that could not be 
ruled out as being unrelated to megestrol acetate.
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Statistical analysis
Safety analysis were conducted on subjects who received at least one dose of the study drug, 
whereas pharmacokinetic analyses were performed on subjects who completed the entire 
study schedule.

For statistical analysis, SAS software (version 9.4; SAS Institute, Inc., Cary, NC, USA) was 
utilized. All descriptive statistics summarized continuous variables as the mean and standard 
deviation, and the categorical variables as the frequency and percentage. The bioavailability 
of megestrol acetate was assessed through the geometric mean ratios (GMRs) and the 2-sided 
90% confidence intervals (CIs) of the PK parameters (log-transformed Cmax and AUCt) using 
Phoenix WinNonlin® Version 8.3.5 (Certara). According to the regulations, bioequivalence 
was established if the 90% CI of the GMR was between 80.00% and 125.00%. The incidence 
rates of AEs and ADRs were compared among the treatment groups using Fisher’s exact test.

RESULTS

Demographics
Within a period of up to four weeks prior to the first dose administration, a total of eighty-five 
volunteers were screened, and demographic information for the fifty-four enrolled subjects in 
this study is presented in Table 1. Among the fifty-four enrolled subjects, twenty-seven were 
allocated to sequence group A (reference-test), and twenty-seven were allocated to sequence 
group B (test-reference). No statistically significant differences observed with in the sequence 
groups regarding demographic information (age, height, weight, BMI). Furthermore, none 
of the subjects had a history of clinically significant concurrent medication use or medical 
conditions prior to dosing. A total of fifty-two subjects completed the clinical trial.

Pharmacokinetics
The lower and upper limits of quantitation for megestrol acetate were 2 and 4000 ng/mL 
(coefficient of correlation (r) ≥ 0.9987), respectively, and the accuracy ranged from 99.4 to 
106.6% (the coefficient of variation ranged from 1.7 to 3.6%) at concentrations of 6, 160, 
1,600, and 3,200 ng/mL megestrol acetate. There were no samples that underwent reanalysis 
for exceeding the upper limit.

A graph of the mean concentration versus time after a single dose of 625 mg/5 mL 
megestrol acetate is shown in Fig. 2, which shows a similar time-concentration pattern for 
administration of the reference and test drugs. The pharmacokinetic parameters for both 
formulations of megestrol acetate are presented in Table 2. Both drugs were observed to have 
a Tmax of 1.5 hours (median), with Cmax and AUCt (mean ± SD) values of 911.19 ± 274.20 ng/
mL and 10,056.30 ± 3,163.78 h*ng/mL for the reference drug and 925.95 ± 283.41 ng/mL and 
9,868.35 ± 3,674.01 h*ng/mL for the test drug, respectively. The GMR and 90% CI of the test 
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Table 1. Demographics of the subjects who enrolled in the study
Demographics Sequence A (n = 27) Sequence B (n = 27) Total (n = 54) p-value
Age (yr) 24.26 ± 3.38 (19.00–33.00) 23.52 ± 4.47 (19.00–41.00) 23.89 ± 3.94 (19.00–41.00) 0.1504*

Height (cm) 174.23 ± 4.52 (166.90–182.80) 173.43 ± 5.52 (163.50–182.10) 173.83 ± 5.01 (163.50–182.80) 0.5585†

Weight (kg) 70.93 ± 7.05 (53.50–85.60) 69.71 ± 8.12 (57.00–87.60) 70.32 ± 7.56 (53.50–87.60) 0.5590†

BMI (kg/m2) 23.38 ± 2.26 (18.00–27.20) 23.17 ± 2.47 (18.50–29.30) 23.28 ± 2.35 (18.00–29.30) 0.7533†

Values are represented as the arithmetic mean ± standard deviation (range).
Sequence A = Reference-Test; Sequence B = Test-Reference, Reference = Megace F suspension; Test = Daewon Megestrol ES suspension.
*Wilcoxon’s rank-sum test; †Independent t test.



drug compared to the reference drug for Cmax and AUCt of megestrol acetate were calculated 
as 101.09% (93.85–108.90%) for Cmax and 96.56% (91.60–101.78%) for AUCt, respectively 
(Table 3).
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Figure 2. Mean (standard deviation) plasma concentration-time profiles of megestrol acetate after oral 
administration of a single dose. (A) Megestrol acetate (linear scale), inserted graph shown the megestrol acetate 
(linear scale) during initial 12 hours, (B) Megestrol acetate (semilog scale).



Safety
Treatment-emergent AEs were reported in 7 of the seven subjects who received at least one 
dose of megestrol acetate during the study. Five of the seven AEs occurred in the reference 
drug group, and two occurred in the test drug group. Of the 7 AEs, 3 were identified as ADRs 
(upper abdominal pain, diarrhea, headache) occurring in three subjects. However, these 
reactions were not statistically significant when comparing the incidence of AEs between the 
two products (Table 4). All ADRs were judged to be mild in severity, and subjects recovered 
without further action. No SAEs occurred. Two concomitant medications were reported in 
one subject receiving an investigational drug; the reported concomitant medication was 
administered to treat an AE not related to the investigational drug after all pharmacokinetic 
blood sampling had been completed. Otherwise, there were no clinically significant findings 
in 12-lead electrocardiograms or vital signs.

DISCUSSION

The aim of this study was to compare and evaluate the safety and pharmacokinetic 
characteristics of two megestrol acetate suspensions (625 mg/5 mL).

Consequently, considering the GMR and 90% Cis of the investigational drug compared to 
the control for Cmax and AUCt, both parameters met the bioequivalence criteria (80.00 to 
125.00%). The lack of pharmacokinetic differences between the two formulations suggests 
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Table 2. Summary of the PK parameters of plasma megestrol acetate after oral administration of a single dose
PK parameters (units) Test (n = 52) Reference (n = 52)
Cmax (ng/mL) 925.95 ± 283.41 (30.61) 911.19 ± 274.20 (30.09)
AUCt (hr·ng/mL) 9,868.35 ± 3,674.01 (37.23) 10,056.30 ± 3,163.78 (31.46)
AUCinf (hr·ng/mL) 10,484.34 ± 4,196.91 (40.03) 10,750.65 ± 3,863.77 (35.94)
Tmax* (hr) 1.50 [0.33–5.00] 1.50 [0.50–6.00]
t1/2 (hr) 31.74 ± 9.70 (30.55) 34.52 ± 13.80 (39.97)
Values are represented as the arithmetic mean ± standard deviation (CV%).
PK, pharmacokinetic; Cmax, maximum plasma concentration; AUCt, area under the plasma concentration-time 
curve from the point of administration to the last time point of blood sampling; AUCinf, area under the plasma 
concentration-time curve from the point of administration to infinity; Tmax, time to peak plasma concentration; 
t1/2, terminal half-life.
*Median [minimum - maximum].

Table 3. Geometric mean ratio [90% CI] of Cmax and AUCt of megestrol
PK parameters (units) Geometric mean ratio (Test/Reference)

Point estimate 90% CI
Cmax (ng/mL) 101.09 93.85–108.90
AUCt (hr·ng/mL) 96.56 91.60–101.78
CI, confidence interval; Cmax, maximum plasma concentration; AUCt, area under the plasma concentration-time 
curve from the point of administration to the last time point of blood sampling; PK, pharmacokinetic.

Table 4. Summary of adverse drug reactions by system organ class and preferred term
System organ class/
Preferred term

Test (n = 53) Reference (n = 53) p-value
No. of subject (%) No. of case No. of subject (%) No. of case

Total 1 (1.89) 1 2 (3.77) 2 1.0000*

Gastrointestinal disorders
Abdominal pain upper 1 (1.89) 1 0 (0.00) 0
Diarrhea 0 (0.00) 0 1 (1.89) 1

Nervous system disorders
Headache 0 (0.00) 0 1 (1.89) 1

*Fisher’s exact test.



equivalent efficacy and clinical interchangeability. Moreover, the ADRs that were observed 
in this clinical trial were abdominal pain, diarrhea, and headache, all of which are known 
adverse reactions according to previous studies of megestrol acetate. Throughout the 
study, all adverse reactions were mild and resolved without intervention, and no serious or 
unexpected adverse reactions were observed. There were no significant differences observed 
between the two formulations regarding safety. Therefore, the bioequivalence of the 
investigational drug was confirmed.

The investigational drug in this study was a megestrol acetate nanomolecular suspension. A 
suspension is a dispersed system in which insoluble solid particles are dispersed in a liquid 
medium, and nanosuspensions have been defined as drugs with particle sizes ranging from 
10–1,000 nm [26]. Nanosuspensions can enhance the absorption rate of drugs, thereby 
enabling a reduction in drug dosage [25,26]. When treating cancer or acquired immune 
deficiency syndrome (AIDS) patients for cachexia with megestrol acetate tablets, a maximum 
dose of 800 mg/day is administered [20]. In contrast, when utilizing the nanosuspension 
formulation for the same indication, a daily dose of 625 mg/5 mL is administered [19].

Furthermore, nanosuspensions have the following advantages: First, patients who are 
unconscious or critically ill generally cannot take tablet medications orally [27]. The liquid 
formulation of the nanosuspension is convenient for patients who have difficulty taking 
tablets, such as those with missing teeth or swallowing disorders, and can be administered 
via a gastrostomy tube [28,29]. Nanosuspensions can also be formulated for various routes 
of administration, including oral, nonoral (e.g., pulmonary, topical), allowing for versatile 
delivery options. Additionally, solidification enables the conversion of various formulations, 
such as powders, tablets or capsules [26]. Third, nanosuspensions enhance the stability and 
solubility, thereby reducing variability in bioavailability due to dietary influences [26,30]. 
Thus, the use of nanosuspensions with increased solubility and reduced dietary impact in 
this study is advantageous for real clinical applications.

Furthermore, the investigational drug utilized in this study was a viscous nanosuspension. 
Such formulations pose challenges in precise dosing and may result in interindividual 
variances in drug absorption times due to viscosity. To address these issues, previous studies 
have administered the drug with water [23]. In this study, the subjects were instructed to 
ingest the investigational drug with water. Furthermore, residual drug in the container was 
minimized by rinsing with 20 mL of water (twice, 10 mL each). Therefore, in comparative 
pharmacokinetic studies of suspension formulations, careful attention should be given to the 
method of administration to ensure precise dosing.

There were several limitations to this study. The results were based on single-dose 
administration in fasting healthy adult males, not in patients with the indicated conditions. 
In real-world application to patients, administration is possible for patients of both sexes 
and is expected to occur over a prolonged period rather than as a single dose considering 
the pathophysiology of cachexia. Furthermore, while actual patients may be on various 
concomitant medications, this study was conducted under restricted concomitant medication 
conditions, thus not reflecting potential drug interactions. Megestrol is a medication used 
for appetite stimulation and weight gain; however, due to the comparative pharmacokinetic 
evaluation nature of this study, efficacy assessment was not possible because single-dose 
administration and postdosing weight measurements were not conducted.
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In conclusion, the pharmacokinetic profiles both formulations of megestrol acetate (625 mg) 
were comparable and well tolerated in healthy subjects. The test formulation of megestrol 
acetate met the regulatory criteria for bioequivalence, indicating its suitability for clinical use.
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