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Purpose: Estradiol valerate (Progynova®) is used as hormone therapy to supplement estrogen deficiency. This study aimed to assess 
the bioequivalence of an estradiol valerate tablet and its generic form, under fasting and fed conditions.
Methods: A randomized, open-label, single-dose, 2-period crossover study was conducted on healthy postmenopausal Chinese female 
volunteers under fasting and fed conditions. For each period, the subjects received either a 1 mg tablet of estradiol valerate or its 
generic. Blood samples were collected before dosing and up to 72 hours after administration. Plasma levels of total estrone, estradiol, 
and unconjugated estrone were quantified using a validated liquid chromatography-tandem mass spectrometry method.
Results: A total of 54 volunteers were enrolled in this study. The primary pharmacokinetic parameters, including Cmax, AUC0-t, and 
AUC0-∞, were similar for the two drugs under both fasting and fed conditions, with 90% confidence intervals for the geometric mean 
ratios of these parameters, all meeting the bioequivalence criterion of 80–125%. A total of 48 adverse events (AEs) were reported in 
the fed study compared with 24 AEs in the fasting study.
Conclusion: Estradiol valerate and its generic form were bioequivalent and well tolerated under both fasting and fed conditions.
Keywords: bioequivalence, estradiol valerate, postmenopausal, pharmacokinetics, safety

Introduction
Estradiol is a crucial natural estrogen in females that plays a significant role in maintaining secondary sexual character-
istics, fertility, and various physiological systems. Insufficient estradiol levels can lead to menstrual irregularities, 
infertility,1 and various symptoms during perimenopause including hot flashes, vulvovaginal atrophy, dyspareunia, 
urinary incontinence, and sleep disorders.2 Hormone therapy (HT) is commonly used to alleviate these symptoms and 
to prevent related diseases.3 Estradiol valerate, an oral long-acting estrogen supplement, is important for HT.4 It has also 
been approved for the prevention of pregnancy and the treatment of heavy menstrual bleeding.5,6

After oral administration of estradiol valerate, cleavage of 17β-estradiol and valeric occurs during absorption in the 
intestine or first liver passage. This process results in the production of estradiol and its metabolites including estrone 
(Figure 1). Ninety-five percent of the administered dose is metabolized by cytochrome P450 3A enzyme, which then 
enters the systemic circulation thereafter.7 A maximum serum estradiol concentration of 73.3 pg/mL was achieved 
approximately 6 h after a single administration of a tablet containing 3 mg of estradiol valerate under fasting conditions.8 

For a tablet containing 2 mg estradiol valerate under fasting conditions, maximum serum estradiol concentrations of 
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30.79 pg/mL are achieved at approximately 8 hours.9 Estradiol binds extensively (98%) to serum proteins, primarily 
albumin (61%) and sex hormone-binding globulin (37%).10,11 Estradiol and its metabolites are mainly excreted in urine, 
with a terminal half-life of approximately 14–17 hours.8,12

Estradiol valerate tablets, which were initially developed in Germany, have been approved for multiple indications. 
Despite these applications, generic versions of estradiol valerate tablets have not been successfully developed. Generic 
drugs offer significant economic and societal benefits including reduced healthcare costs and improved medication 
accessibility. This study, designed according to FDA guidelines, aimed to assess the bioequivalence (BE) and safety of 
estradiol valerate tablets and its generic in healthy Chinese postmenopausal female volunteers under fasting and fed 
conditions.

Materials and Methods
Study Drugs
An estradiol valerate tablet (strength: 1 mg, batch number: 200101, expiry date: 2024/12) was produced by Zhejiang 
Xianju Pharmaceutical Co., Ltd. The reference preparation (strength: 1 mg; batch number: 371A; expiry date: 2022/4) 
was produced by DELPHARM Lille S.A.S.

Subjects and Ethics
Eligible participants were healthy postmenopausal females aged 45–65 years with a body mass index within the range of 
18–28 kg/m2. They weighed more than 45 kg and had been in the postmenopausal period for more than 12 months. Other 
eligibility criteria included endometrial thickness <5 mm, follicle-stimulating hormone (FSH) above 40 IU/l, and 
estradiol level <110 pmol/l. The health status of the subjects was evaluated based on their medical history, physical 
examination, 12-lead electrocardiography, low-dose chest CT, and laboratory tests.

The exclusion criteria were a history of significant illness or allergy, abuse of drugs or alcohol (2 units/day), excessive 
smoking (5 cigarettes/day), regular intake of caffeine or tea (8 cups/day), use of any drug within the past 14 days, use of 
any other investigational drugs within the past 90 days, and a positive result in the alcohol breath test or positive 
screening for drug abuse and nicotine. Subjects were also excluded if they had a history of breast cancer, endometrial 
cancer, or other estrogen-dependent tumors; a history of deep vein thrombosis or other thrombosis; gynecological 

Figure 1 Estradiol valerate and its metabolites.
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transvaginal color Doppler ultrasound indicating uterine fibroids or submucosal fibroids larger than 2 cm, adenomyosis, 
endometrial polyps, or ovarian tumors; use of estrogen or progestogen in the past 6 months; received thyroid hormone 
replacement therapy; received a vaccine in the past 7 days; underwent gynecological or surgical procedures in the past 6 
months; donated blood or experienced significant bleeding (450 mL) in the past 2 months; consumed grapefruit in the 
past 3 days; used drugs inhibiting or inducing hepatic drug-metabolizing enzymes in the past 30 days; or had an 
intolerance to venipuncture or a history of fainting or needle phobia.

This study was approved by the Independent Ethics Committee of Clinical Trials in Deyang People’s Hospital. This 
study was conducted in accordance with the principles of the Declaration of Helsinki and the requirements for Good 
Clinical Practice. All participants provided written informed consent prior to participating in the study. This trial was 
registered at the Chinese Clinical Trial Center (ChiCTR2300072157). The execution dates of the study were from 
April 7, 2022, to July 2, 2022.

Study Design
This study was conducted at the Phase 1 Clinical Trial Center of the Deyang People’s Hospital. It consisted of two 
separate parts: fasting and fed. Each part was a randomized, open-label, single-dose, 2-period crossover study.

Based on the results of a previous clinical study,13 the intra-individual coefficient of variation (CV) of estradiol was 
approximately 15% and the geometric mean ratio (GMR) was about 0.95 under fasting condition. To achieve an 
equivalence interval of 80–125% with 90% power and a bilateral significance level of 0.05, the calculated sample size 
was 16. Considering potential dropouts and visit losses, the final sample size for the fasting study was set at 24. For the 
fed study, the inter-individual CV was approximately 15%, and the GMR was approximately 0.90. The final sample size 
of this study was 30.

All participants were randomly assigned to the sequence reference test (RT) or the test reference (TR) at the 
beginning of the study. Sequence TR received the 1 mg test tablet of estradiol valerate in the first period and the 
reference tablet in the second period. Sequence RT had the opposite administration sequence. The two dosing periods 
were separated using a 7-day washout period.

The subjects were admitted to the study center one or 2 days before drug administration for further evaluation of their 
eligibility through inquiries and examinations. In the fasting study, the test or reference product was administered with 
240 mL of warm water after an overnight fast of at least 10 h. In the fed study, subjects fasted for at least 10 h and then 
consumed a high-fat, high-calorie breakfast (800–1000 kcal) within 30 min before drug administration. Standard diets 
were provided at 4 and 10 h after dosing. Water consumption was prohibited within 1 h before and 2 h after dosing, under 
both fasting and fed conditions. The intake of alcohol, food, or beverages containing caffeine or xanthine (such as coffee, 
tea, chocolate, and cola) was not permitted from 3 days before administration until the end of the study. Additionally, the 
participants were not allowed to leave the center freely and bring their own food, smoke, or drink.

Blood Sample
Sample collection should encompass the absorption, distribution, and elimination of drugs. The sampling time should not 
be less than 3 times the terminal elimination half-life. Given that the terminal elimination half-life of estradiol is 
approximately 14–17 hours,12 sampling time was set at 72 h. In the fasting study, 24 blood samples were collected at 1 
h, 30 min, and 0 h before dosing; at 20 and 40 min; and at 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 24, 48, and 72 
h after dosing. Food intake can decrease the time to peak of estradiol and increase its maximum concentration, but it does 
not alter estradiol exposure.8,9,14 Therefore, in the fed study, 25 blood samples were collected at 1 h, 30 min, and 0 h before 
dosing, and at 15, 30, 45 min, 1, 1.25, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 7, 8, 9, 10, 12, 14, 24, 48, and 72 h after dosing. 
Approximately 6 mL of venous blood was collected and transferred to anti-coagulation tubes containing ethylene diamine 
tetraacetic acid-K2. The samples were centrifuged at 1200 × g for 10 minutes at 2–8°C within 60 min of collection. The 
plasma was then separated and placed into three labeled cryotubes, which were temporarily stored at −20°C within 90 min 
and subsequently transferred to a temperature not higher than −60°C within 24 h.
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Sample Analysis
The plasma concentrations of total estrone, estradiol, and unconjugated estrone were determined using a validated liquid 
chromatography tandem mass spectrometer (Hangzhou Leading Pharmatech Co., Ltd, Hangzhou, China). Plasma concentra-
tions after administration were corrected by subtracting the baseline concentration, which was calculated as the mean 
concentration 1, 0.5, and 0 h before dosing. Negative concentrations were adjusted to zero. The linear quantitation ranges 
were as follows: 0.10–50.00 ng/mL for the total estrone, 1.00–100.00 pg/mL for the estradiol, and 5.00–500.00 pg/mL for 
unconjugated estrone. Lower limits of quantitation (LLOQ) were 0.10 ng/mL for total estrone, 1.00 pg/mL for estradiol, and 
5.00 pg/mL for unconjugated estrone, respectively. The maximum precisions (CV%) of total estrone, estradiol, and unconju-
gated estrone were 4.6%, 14.4%, and 9.0%, respectively. The accuracies of the total estrone, estradiol, and unconjugated estrone 
across the assay range were all within −1.3%–10.7%. The analytes in whole blood remained stable for 2 h in an ice bath. 
Similarly, the analytes in the plasma maintained their stability after storage at room temperature for 46 h. The treated plasma 
samples remained stable even after storage at 4°C for 140 hours. Furthermore, the analytes in the plasma remained stable even 
after storage at −20°C and −80°C for 42 days. The analytes in the plasma remained stable after five freeze–thaw cycles.

Safety Analysis
The safety analysis included all subjects who were administered either a test or a reference estradiol valerate 
tablet. Safety assessment included vital signs (blood pressure, pulse, and temperature), physical examination, 
laboratory tests (hematology, biochemistry, urinalysis, coagulation function, and thyroid function), electrocardio-
graphy, and observation of adverse events (AEs). Vital signs were monitored before dosing and at 2, 6, 12, 24, 48, 
and 72 h after drug administration. Other examinations were performed at the beginning and end of each period. 
All recorded AEs were graded according to the National Cancer Institute Common Terminology Criteria for 
Adverse Events (CTCAE 5.0). Follow-up was conducted for all AEs until resolution or stabilization of the events.

Pharmacokinetic and Statistical Analysis
This study employed non-compartmental analysis using Phoenix WinNonlin 7.0 software (Certara Inc., Princeton, NJ, 
USA) and SAS 9.4 (SAS Institute, Inc., Cary, NC, United States) to calculate pharmacokinetic (PK) parameters, 
evaluate bioequivalence, and conduct statistical analysis on other data. The primary PK parameters included the 
maximum drug concentration in plasma (Cmax), area under the plasma concentration-time curve from time 0 to the last 
time point (AUC0-t), and area under the curve from 0 to infinity (AUC0-∞). The secondary PK parameters included the 
time to reach the peak concentration (Tmax), the elimination rate constant (λz), and observed elimination terminal half- 
life (t1/2). PK parameters were presented as the arithmetic mean value (mean) and standard deviation (SD). The value 
was treated as 0 when the plasma concentration was below the limit of quantification. A statistical analysis of the 
differences in PK parameters (Cmax, AUC0-t, AUC0-∞, t1/2) for total estrone, estradiol, and unconjugated estrone 
between the test formulation (Group T) and the reference formulation (Group R), both under fasting and fed 
conditions, was conducted using paired t-tests. The differences in Tmax for the same products between the two groups 
under both conditions were analyzed using the paired rank sum test. Additionally, we used the independent group t-test 
to analyze the demographic characteristics of the TR sequence and RT sequence groups under fasting and fed 
conditions, while the chi-square test was used to analyze the occurrence of adverse events. A p-value of less than 
0.05 was considered statistically significant.

After a natural logarithmic transformation, GMRs (test/reference) and its 90% confidence intervals (CIs) were 
calculated. The BE between the two formulations was considered acceptable if the 90% CIs for the GMR of Cmax, 
AUC0–t, and AUC0-∞ were within the range of 80–125%. The BE of the two formulations was based on the PK 
parameters of the total estrone, while the PK parameters of the estradiol and unbound estrone are only used as reference 
and not as criteria for determining BE.
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Results
Subjects
A total of 185 postmenopausal Chinese females were screened, and 54 eligible participants were enrolled in the study. All 
the enrolled participants were of Han ethnicity. The demographic characteristics of the subjects in the fasting and fed 
studies are presented in Table 1. The age, height, weight, and BMI of the participants were comparable across the 
treatment groups, both under fasting and fed conditions (p > 0.05). All participants, comprising 24 individuals in the 
fasting study and 30 individuals in the fed study, were randomized and successfully completed the trials (Figure 2).

Table 1 Demographic Characteristics of Subjects in the Fasting and Fed Studies

Characteristics Fasting Fed

RT (N =12) TR (N =12) Total (N=24) P RT (N=15) TR (N=15) Total (N=30) P

Age (years) Mean ± SD 53.75 ± 3.08 54.33 ± 4.48 54.04 ± 3.77 0.714 54.67 ± 3.56 54.00 ± 3.12 54.33 ± 3.30 0.590

Median 53.00 54.00 53.00 54.00 53.00 53.50

Min, Max 49.00, 59.00 46.00, 61.00 46.00, 61.00 50.00, 62.00 49.00, 59.00 49.00, 62.00

Height (cm) Mean ± SD 153.61 ± 6.30 153.43 ± 4.06 153.52 ± 5.18 0.936 153.65 ± 3.79 152.91 ± 4.43 153.28 ± 4.07 0.624

Median 156.50 154.15 154.80 153.50 152.60 153.05

Min, Max 142.60, 161.50 146.80, 161.20 142.60, 161.50 147.90, 161.50 144.80, 162.20 144.80, 162.20

Weight (kg) Mean ± SD 56.68 ± 7.02 57.35 ± 5.22 57.01 ± 6.06 0.792 56.95 ± 6.56 56.11 ± 5.97 56.53 ± 6.18 0.717

Median 55.10 57.20 56.55 55.40 55.10 55.25

Min, Max 45.20, 67.10 50.10, 68.40 45.20, 68.40 47.00, 70.00 48.70, 68.50 47.00, 70.00

BMI (kg/m2) Mean ± SD 23.93 ± 2.04 24.33 ± 2.26 24.13 ± 2.12 0.654 24.05 ± 2.18 23.93 ± 2.12 23.99 ± 2.11 0.886

Median 24.20 23.40 23.65 23.50 24.10 23.70

Min, Max 20.30, 26.30 20.90, 27.40 20.30, 27.40 20.50, 27.80 20.90, 28.00 20.50, 28.00

Notes: The statistical method employed in this table is the independent group t-test. 
Abbreviations: BMI,body mass index; SD, standard deviation; P, p-value.

Figure 2 Study design and disposition of subjects. 
Abbreviations: T, test drug; R, reference drug; n, number of subjects.
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PK Results and BE Results
Linear and semi-logarithmic of the mean plasma concentration-time profiles of the total estrone, estradiol, and unconju-
gated estrone showed similarities between the reference and test estradiol valerate formulations under both fasting 
(Figure 3A–F) and fed conditions (Figure 4A–F). Blood samples from all 54 subjects were analyzed, and the major PK 
parameters of estrone, estradiol, and unconjugated estrone were calculated and summarized in Table 2 for both fasting 
and fed conditions. According to the BE set, all 90% CIs for the GMRs of Cmax, AUC0-t, and AUC0-∞ between the test 
and reference products were within the range of 80–125% under both fasting and fed conditions (Table 3).

Figure 3 Pharmacokinetic analysis in the fasting study. Linear and Semi-logarithmic of mean plasma concentration-time profiles of total estrone (A and D), estradiol (B and 
E), and unconjugated estrone (C and F) after single oral administration of test and reference estradiol valerate tablet in the fasting study. Data represent the mean value, and 
error bars represent the standard deviation.

Figure 4 Pharmacokinetic analysis in the fed study. Linear and Semi-logarithmic of mean plasma concentration-time profiles of total estrone (A and D), estradiol (B and E), 
and unconjugated estrone (C and F) after single oral administration of test and reference estradiol valerate tablet in the fed study. Data represent the mean value, and error 
bars represent the standard deviation.
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Table 2 Pharmacokinetic Parameters of Total Estrone, Estradiol, and Unconjugated Estrone After Single Oral Administration of Test and Reference Estradiol Valerate Tablet Under 
Fasting and Fed Conditions

Pharmacokinetic Parameters Mean ± SD (CV%) Median (Min, Max)

Cmax (ng/mL) AUC0-t (h*ng/mL) AUC0-∞ (h*ng/mL) t1/2 (h) Tmax (h)

Fasting Total estrone T (n=24) 11.77 ± 4.47 (38.03) 156.73 ± 74.64 (47.62) 161.49 ± 77.53 (48.01) 14.07 ± 3.84 (27.31) 2.00 (1.00, 5.00)

R (n=24) 11.79 ± 2.94 (24.94) 148.52 ± 52.68 (35.47) 152.75 ± 54.53 (35.70) 13.71 ± 3.35 (24.44) 2.00 (0.67, 6.00)

P 0.965 0.260 0.253 0.628 0.662
Estradiol T (n=24) 18.90 ± 7.24 (38.31) 559.04 ± 233.87 (41.83) 563.02 ± 215.64 (38.30) 14.36 ± 4.77 (33.19) 10.00 (4.00, 48.00)

R (n=24) 20.47 ± 13.42 (65.56) 543.52 ± 191.37 (35.21) 575.99 ± 215.47 (37.41) 14.48 ± 4.17 (28.83) 10.00 (0.67, 14.00)

P 0.525 0.710 0.645 0.966 0.628
Unconjugated estrone T (n=24) 174.38 ± 50.63 (29.03) 3755.65 ± 1276.88 (34.00) 3903.86 ± 1382.49 (35.41) 13.05 ± 3.99 (30.61) 6.00 (2.50, 12.00)

R (n=24) 169.02 ± 53.45 (31.62) 3660.96 ± 1336.78 (36.51) 3779.91 ± 1440.75 (38.12) 12.92 ± 3.26 (25.22) 5.00 (3.50, 11.00)
P 0.467 0.527 0.454 0.849 0.703

Fed Total estrone T (n=30) 19.07 ± 7.33 (38.44) 198.25 ± 84.34 (42.54) 202.06 ± 86.50 (42.81) 12.40 ± 3.53 (28.50) 4.50 (1.50, 7.00)

R (n=30) 16.92 ± 6.61 (39.05) 180.30 ± 75.82 (42.05) 184.20 ± 75.96 (41.24) 12.59 ± 3.58 (28.41) 4.00 (1.50, 9.00)
P 0.018 0.006 0.008 0.719 0.688

Estradiol T (n=30) 34.54 ± 13.14 (38.04) 738.08 ± 215.49 (29.20) 814.33 ± 378.55 (46.49) 16.00 ± 14.16 (88.52) 2.25 (0.75, 14.00)

R (n=30) 33.98 ± 11.97 (29.64) 692.17 ± 203.79 (36.97) 739.87 ± 266.44 (38.71) 14.41 ± 8.84 (22.04) 2.00 (0.75, 12.00)
P 0.756 0.029 0.039 0.177 0.171

Unconjugated estrone T (n=30) 348.71 ± 103.36 (22.04) 5376.32 ± 1987.37 (36.97) 5521.38 ± 2137.10 (38.71) 12.06 ± 2.66 (22.04) 5.00 (2.00, 9.00)

R (n=30) 315.17 ± 94.15 (29.87) 5048.42 ± 1777.71 (35.21) 5191.23 ± 1824.84 (35.15) 12.39 ± 2.88 (23.22) 5.00 (2.00, 10.00)
P 0.005 0.048 0.071 0.569 0.271

Notes: The statistical methods employed in this table is paired t-tests and paired rank sum test. The CV% represents the inter-individual variation in the arithmetic mean of pharmacokinetic parameters. 
Abbreviations: SD, standard deviation; CV, coefficient of variation; T, test drug; R, reference drug; Cmax, maximum observed drug concentration in the plasma; Tmax, time from administration to maximum observed plasma 
concentration; AUC 0-t, area under the curve from time zero to the last quantifiable time point; AUC0-∞, area under the curve from zero to infinity; t1/2, terminal half-life; P, p-value.
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Table 3 Geometric Mean and the Corresponding 90% Confidence Intervals for the Primary Pharmacokinetic Parameters of Total Estrone, Estradiol, and Unconjugated Estrone After 
Single Oral Administration of Test and Reference Estradiol Valerate Tablet Under Fasting and Fed Conditions

Pharmacokinetic Parameters(Unit) Geometric mean CV (%) 90% Confidence Interval (%) Power (%)

Test Reference T/R ratio (%)

Fasting 

(n=24)

Total estrone AUC0-t (h*ng/mL) 145.39 140.91 103.18 11.81 97.33–109.37 99.99

AUC0-∞ (h*ng/mL) 149.74 144.87 103.36 11.83 97.49–109.58 99.99

Cmax (ng/mL) 11.02 11.43 96.38 17.68 88.35–105.14 97.19
Estradiol AUC0-t (h*pg/mL) 519.37 516.32 100.59 23.82 89.53–113.02 87.55

AUC0-∞ (h*pg/mL) 521.09 533.92 97.60 14.83 90.40–105.36 99.62

Cmax (pg/mL) 17.81 18.13 98.22 29.90 84.96–113.55 62.93
Unconjugated estrone AUC0-t (h*pg/mL) 3560.13 3462.61 102.82 13.44 96.22–109.87 99.94

AUC0-∞ (h*pg/mL) 3682.68 3559.67 103.46 13.78 96.65–110.74 99.85

Cmax (pg/mL) 168.12 161.60 104.04 14.26 96.97–111.62 99.65
Fed  

(n=30)

Total estrone AUC0-t (h*ng/mL) 182.74 164.81 110.88 13.53 104.51–117.64 95.69

AUC0-∞ (h*ng/mL) 186.16 169.20 110.03 13.36 103.78–116.64 97.61

Cmax (ng/mL) 17.83 15.68 113.68 18.71 104.78–123.32 61.40
Estradiol AUC0-t (h*pg/mL) 708.49 658.47 107.60 12.07 102.06–113.43 99.89

AUC0-∞ (h*pg/mL) 756.36 693.09 109.13 13.04 103.08–115.53 98.94

Cmax (pg/mL) 32.82 32.08 102.31 19.88 93.83–111.55 98.50
Unconjugated estrone AUC0-t (h*pg/mL) 5076.92 4734.95 107.22 11.76 101.84–112.89 99.95

AUC0-∞ (h*pg/mL) 5198.40 4870.12 106.74 12.28 101.16–112.63 99.94

Cmax (pg/mL) 335.05 302.27 110.84 13.45 104.52–117.56 95.97

Notes: The CV% represents the intra-individual variation in the geometric mean of pharmacokinetic parameters. 
Abbreviations: CV, coefficient of variation; n, number of subjects; AUC 0-t, area under the curve from time zero to the last quantifiable time point; AUC0-∞, area under the curve from zero to infinity; Cmax, maximum observed drug 
concentration in plasma.
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Safety Results
Thirteen participants experienced treatment emergent adverse events (TEAEs) under fasting condition. Among these, 13 
TEAEs were reported in 8 subjects who received the test drug, and 11 TEAEs were recorded in 8 subjects after 
administration of the reference drug. All TEAEs were of mild intensity and resolved without intervention. In the fed 
study, 21 participants experienced TEAEs. Among them, 28 TEAEs were reported in 13 subjects who received the test 
drug and 20 TEAEs were observed in 11 subjects who received the reference drug. All TEAEs were mild, except for one 
case of increased triglyceride levels after administration of the test drug, which was classified as grade 2 (Table 4). No 
serious adverse events (SAE) were observed during the fasting and fed studies.

The most frequent TEAEs in the fasting study were increased uric acid (25.0%), while increased thyroid-stimulating 
hormone (30.0%) was most commonly observed in the fed study (Table 5). Except for one case (anxiety state) that was 
monitored by the physician and stabilized, 84.7% of the TEAEs (61/72) recovered, and an additional 11 TEAEs were 
classified as being in remission. Aside from the subjects who received combination medication after completing the PK 
sample collection owing to anxiety, no other subjects used combination medication during the fasting and fed studies.

No significant differences were found in the overall incidence of TEAEs, AEs across various organ systems, or the 
severity levels of AEs between the test and reference formulations, whether administered under fasting or fed conditions 
(p > 0.05).

Discussion
This study aimed to compare the PK profiles and assess the BE of estradiol valerate tablet and its generic formulation. 
A total of 54 volunteers completed the study, with BE determined based on the primary PK parameters for total estrone, 
estradiol, and unconjugated estrone in fasting and fed studies. Both drugs were well tolerated and no SAE was reported. 
This study was conducted on healthy postmenopausal females, comprising fasting and fed conditions. The PK parameters 
of the total estrone served as the primary indicators for equivalence assessment, whereas the PK parameters of the 
estradiol and unconjugated estrone provided supplementary data. These procedures were aligned with the US Food and 
Drug Administration-recommended BE guidelines for estradiol valerate.15

There is indeed a scarcity of prior PK studies on the single-dose administration of 1 mg estradiol valerate tablets. 
Only one BE study has been published on the estradiol valerate tablets monopreparation.12 The study involved 32 
postmenopausal Caucasian females and compared two 2 mg estradiol valerate tablets solely under fasting conditions. 
Blood samples were collected for up to 48 h after dosing, revealing bioequivalence between both formulations. 
Compared with the PK parameters of a single dose of the compound preparation containing 2 mg estradiol valerate 
administered under fasting conditions, this study found a longer tmax and a shorter t1/2. This suggests that the mono-
preparation of estradiol valerate in the 1 mg dosage form is absorbed more slowly and eliminated more rapidly. Our 
findings revealed that in vivo exposure to estradiol and estrogen was higher in the fed study than in the fasting study, 
consistent with prior research outcomes.8 Estrogen and estradiol possess notable lipid solubility, indicating that a high-fat 
diet can augment body exposure.

The generic development of estradiol valerate presents a significant challenge, owing to the endogenous nature of 
estradiol. The levels of estradiol in the human body are regulated through metabolism and physiological processes, which 
can be influenced by estrogen-containing food intake. When estradiol valerate tablets are administered to the body, it 
becomes complex and difficult to determine whether the detected estradiol is absorbed from the drug or already present 
in the body. To address this, we conducted baseline measurements of serum estradiol and FSH levels before adminis-
tration to exclude any interference from endogenous estrogen. Low baseline concentrations of estradiol, total estrone, and 
unconjugated estrone were observed. Furthermore, a washout period of 7 days was implemented, exceeding the seven 
elimination half-lives of estradiol valerate, to minimize any potential influence from the administration of the first period.

The safety profile of the tested formulation was comparable to that of a reference formulation. Both formulations 
were well tolerated, with no reports of SAE. AEs were predominantly related to laboratory examinations. The AEs 
observed in this study were generally consistent with those listed on the estradiol valerate label. The most frequently 
reported AEs included increased serum uric acid, thyroid-stimulating hormone, and triglyceride levels. Studies have 
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Table 4 Summary of Adverse Events Adverse Drug Reaction in Fasting and Fed Studies

Fasting Fed

T (n=24) R (n=24) Total, n (%) P T (n=30) R (n=30) Total, n (%) P

Instance n (%) Instance n (%) Instance n (%) Instance n (%)

Total AEs 13 8 (33.33) 11 8 (33.33) 13 (54.17) 1.000 28 13 (43.33) 20 11 (36.67) 21 (70.00) 0.598

TEAE 13 8 (33.33) 11 8 (33.33) 13 (54.17) 1.000 28 13 (43.33) 20 11 (36.67) 21 (70.00) 0.598
ADR 2 2 (8.33) 0 0 (0.00) 2 (8.33) 0.489 6 6 (20.00) 3 3 (10.00) 9 (30.00) 0.472

AE of grade 1 13 8 (33.33) 11 8 (33.33) 13 (54.17) 1.000 27 13 (43.33) 20 11 (36.67) 21 (70.00) 0.598

AE of grade 2 0 0 0 0 0 / 1a 1 (3.33) 0 0 1 (3.33) 1.000
AE of grade 3 and above 0 0 0 0 0 / 0 0 0 0 0 /

SAE 0 0 0 0 0 / 0 0 0 0 0 /

SADR 0 0 0 0 0 / 0 0 0 0 0 /

Notes: The statistical method employed in this table is the chi-square test. Values are presented as number of AEs (incidence rate, n%). aIncreased triglyceride. 
Abbreviations: T, test drug; R, reference drug; n, number of subjects; Aes, adverse events; TEAE, treatment-emergent adverse event; SAE, serious adverse event; ADR, adverse drug reaction; SADR, serious adverse drug reaction; P, 
p-value.
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Table 5 The Number of Treatment-Emergent Adverse Events and Incidence Rate According to the System Organ Class in Fasting and Fed Study

System Organ Class Preferred Terms Fasting Fed

Test 
(n=24)

Reference 
(n=24)

Total 
(n=24)

P Test 
(n=30)

Reference 
(n=30)

Total 
(n=30)

P

Infections and infestations Upper respiratory tract infection 0 0 0 / 0 1 (3.33) 1 (3.33) 1.000

Respiratory, thoracic and mediastinal 

disorders

Irritable cough 0 0 0 / 0 1 (3.33) 1 (3.33) 1.000

Investigations Increased thyroid stimulating 

hormone

2 (8.33) 0 2 (8.33) 0.489 6 (20.00) 3 (10.00) 9 (30.00) 0.472

Increased uric acid 2 (8.33) 4 (16.67) 6 (25.00) 0.666 3 (10.00) 4 (13.33) 7 (23.33) 1.000
Increased triglyceride 1 (4.17) 1 (4.17) 2 (8.33) 1.000 4 (13.33) 0 4 (13.33) 0.112

Increased LDL cholesterol 3 (12.50) 0 3 (12.50) 0.234 1 (3.33) 0 1 (3.33) 1.000

Increased cholesterol 1 (4.17) 0 1 (4.17) 1.000 1 (3.33) 0 1 (3.33) 1.000
Increased glucose 0 0 0 / 1 (3.33) 0 1 (3.33) 1.000

Increased γ- glutamyl 

transpeptidase

0 0 0 / 2 (6.67) 0 2 (6.67) 0.492

Increased Alanine 

aminotransferase

0 0 0 / 1 (3.33) 1 (3.33) 2 (6.67) 1.000

Increased Aspartate 
aminotransferase

0 0 0 / 0 1 (3.33) 1 (3.33) 1.000

Urine white blood cell positive 0 1 (4.17) 1 (4.17) 1.000 3 (10.00) 2 (6.67) 5 (16.67) 1.000

Urine red blood cell positive 0 2 (8.33) 2 (8.33) 0.489 0 0 0 /
Decreased White blood 0 1 (4.17) 1 (4.17) 1.000 0 0 0 /

Decreased Neutrophil 0 0 0 / 0 1 (3.33) 1 (3.33) 1.000

Increased eosinophil 0 0 0 / 0 1 (3.33) 1 (3.33) 1.000
Increased pulse 0 0 0 / 2 (6.67) 1 (3.33) 2 (6.67) 1.000

Increased blood pressure 2 (8.33) 0 2 (8.33) 0.489 2 (6.67) 2 (6.67) 2 (6.67) 1.000

Decreased blood pressure 1 (4.17) 1 (4.17) 2 (8.33) 1.000 0 1 (3.33) 1 (3.33) 1.000
Psychiatric disorders Anxiety state 0 0 0 / 0 1 (3.33) 1 (3.33) 1.000

Neurological disorders Tongue numbness 0 0 0 / 1 (3.33) 0 (0.00) 1 (3.33) 1.000

Headache 1 (4.17) 0 1 (4.17) 1.000 0 0 0 /
Skin and subcutaneous tissue disorders Rash 0 1 (4.17) 1 (4.17) 1.000 0 0 0 /

Gastrointestinal disorders Abdominal pain 0 0 0 / 1 (3.33) 0 1 (3.33) 1.000

Notes: The statistical method employed in this table is the chi-square test. Values are presented as number of AEs (incidence rate, n%). 
Abbreviations: T, test drug; R, reference drug; n, number of subjects; P, p-value.
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indicated that estrogen stimulation can lead to thyroid cell proliferation and subsequent elevation of thyroid hormones,16– 

18 which was more commonly observed in our study. Therefore, the AEs were determined to be related to the study 
drugs. Estradiol has been shown to upregulate the intestinal ATP-binding cassette subfamily G member 2 expression via 
the phosphatidylinositol 3-kinase/protein kinase B pathway, promoting the excretion of urate and consequently reducing 
serum urate levels.19 Studies have also demonstrated the ability of estrogen to reduce serum uric acid levels in 
postmenopausal women.20 Thus, the elevated levels of uric acid detected in this study were deemed unrelated to the 
administered drug. In recent years, population-based observational studies have found that estrogen therapy is associated 
with a reduction in the incidence and mortality of cardiovascular diseases.21–23 Estradiol has been found to downregulate 
serum total cholesterol, triglyceride, and low-density lipoprotein cholesterol levels while increasing high-density 
lipoprotein cholesterol levels in menopausal and postmenopausal women.24–26 This may be accomplished by modulating 
the expression of the hepatic apolipoprotein A5, thereby reducing triglyceride levels.27 However, the lipid-related AEs 
observed in this study included increased serum triglyceride, cholesterol, and low-density lipoprotein cholesterol levels. 
The incidence of lipid-related AEs was higher in the test preparation than in the reference preparation. Additionally, the 
fed study demonstrated a higher incidence compared to the fasting study. This difference could be attributed to the 
metabolic and dietary status of postmenopausal subjects, and individual variations among subjects. There have been 
rarely reported cases where estrogen therapy has resulted in a significant increase in plasma triglycerides in patients with 
pancreatitis. However, no statistically significant difference in incidence was found between the test and reference 
preparation in our study. This suggests the need for further research with more evidence.

Conclusions
This was a phase 1 clinical trial of estradiol valerate tablet and its generic conducted in healthy postmenopausal female 
subjects. The results of this study confirmed the BE of the estradiol valerate tablet and its generic in this population. In 
addition, the estradiol valerate tablet demonstrated a safety profile similar to that of the generic version.
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