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Abstract 
Background: Vonoprazan fumarate, a novel potassium-competitive acid block-
er, outperforms traditional proton pump inhibitors in acid suppression and can 
be effectively combined with antibiotics to eradicate Helicobacter pylori. Objec-
tive: The study aimed to determine if two Vonoprazan formulations— 
Vonoprazan Fumarate 20 mg Tablet of Beximco Pharmaceuticals Limited, 
Bangladesh (test product) and Takecab 20 mg Tablet of Takeda Pharmaceutical 
Company Limited, Japan (reference product)—met FDA’s bioequivalence re-
quirements by comparing their pharmacokinetic characteristics in healthy 
Bangladeshi adults. Methods: This was a single-center, randomized, open-label, 
two-period, two-sequence, laboratory-blind, double-crossover experiment. After 
10 hours of fasting, 18 subjects were randomly assigned to receive a single 
oral dose of either formulation. During each treatment period, blood samples 
were collected at specific times (pre-dose and up to 48 hours post-dose) to 
measure plasma Vonoprazan levels using liquid chromatography-tandem 
mass spectrometry. A non-compartmental model was used to calculate 
pharmacokinetic parameters using the plasma drug concentration-time pro-
file. A statistical comparison of the pharmacokinetic parameters of the two 
formulations of the test and reference product was conducted using SAS® sta-
tistical software to assess the bioequivalence. Primary pharmacokinetic pa-
rameters (Cmax, AUC0-t, and AUC0-∞) and secondary parameters (Tmax, T1/2, Kel, 
and AUC extrapolation) were calculated for both drug formulations. If the con-
fidence intervals for the natural log-transformed Cmax, AUC0-t, and AUC0-∞ val-
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ues fell between 80% and 125%, the drug products would be considered bio-
equivalent. Result: The geometric mean ratio of Vonoprazan between the test 
and reference groups was found to be 109.04% (99.47% - 119.53%), 101.37% 
(95.58% - 107.50%), and 101.24% (95.43% - 107.41%), with 90% confidence 
intervals (CIs) for the Cmax, AUC0–t, and AUC0–∞, and these outcomes met the 
regulatory requirements for assuming bioequivalence. Conclusion: The re-
sults demonstrated that the generic formulation of Vonoprazan 20 mg Tablet 
of Beximco Pharmaceuticals Limited is bioequivalent to the reference prod-
uct.  
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1. Introduction 

The healthcare system is significantly impacted by acid-related disorders 
(ARDs), and overexposure to acid is thought to be one potential mechanism of 
injury in ARDs [1]. Because of this, drugs referred to as acid inhibitors were de-
veloped to treat gastroesophageal reflux disease (GERD) and peptic ulcer disease 
(PUD) by stopping the stomach from producing an excessive quantity of acid 
[2]. As the final stage of the acid secretion pathway, the gastric proton pump 
enzyme H+, K+-ATPase, is the main target in the pharmacological therapy of ac-
id-related disorders [3]. The two major categories of drugs that inhibit this en-
zyme are proton-pump inhibitors (PPIs) and potassium-competitive acid block-
ers [P-CABs] [3]. 

Proton pump inhibitors (PPIs) have been widely utilized since 1991 to treat a 
wide range of upper gastrointestinal (GI) tract diseases, generally referred to as 
acid-related disorders [4]. Proton pump inhibitors (PPIs) have significantly en-
hanced the treatment of illnesses associated with acidity, yet certain medical 
needs persist and may require additional care. For example, about one-third of 
individuals with GERD fail to respond symptomatically, either partially or en-
tirely, to PPI treatment and may require further medical care [5]. For greater 
control of 24-hour intragastric acidity, approaches other than PPI medication 
have been considered, mainly using potassium-competitive acid blockers (P-CABs) 
[6] [7]. 

Several candidate compounds acting as P-CABs have been invented to identify 
an efficient medication for the treatment of acid-related disorders. However, 
most have been rejected during the clinical phase of experiments due to their 
inadequate efficacy and safety challenges (e.g., hepatotoxicity) [8]-[10]. To 
overcome the limitations of earlier medications in the class, Takeda Pharmaceu-
tical Company Limited (Japan) developed the potent and novel P-CAB 
(Vonoprazan) with a distinct chemical structure and pharmacological profile 
[11]. It offers advantages over the conventional proton-pump inhibitors (PPIs), 
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including fast onset of action [12], high accumulation and slow clearance [13], 
improved control over acid secretion at night [14], acid stability, and the ability 
to bind to the proton pump without the need for enteric coating or acid activa-
tion [15]-[17]. Furthermore, TAK-438 F has minimal CYP polymorphism, 
making it less susceptible to the effects of CYP inducers or inhibitors [18]. 

Vonoprazan has gained clinical interest for the treatment of disorders associ-
ated with acid reflux because of its potential benefits over proton pump inhibi-
tors [19]. It has shown potential as a treatment option for acid-related condi-
tions such as reflux oesophagitis, erosive oesophagitis, gastric ulcer, duodenal 
ulcer, peptic ulcer, gastro-oesophageal reflux, and Helicobacter pylori eradica-
tion [20] [21]. This innovative acid suppressant successfully lowers stomach acid 
and was recently licensed in Japan to treat acid reflux-related conditions [22]-[25]. 

Vonoprazan’s chemical name is 1-(5-(2-fluorophenyl)-1-(pyridin-3-ylsulfonyl)- 
1H-pyrrol-3-yl)-N methylmethanamine fumarate. Vonoprazan fumarate is slightly 
soluble in water [26]. It ionically and reversibly binds the stomach proton pump 
[27] [28]. Compared to conventional PPIs, which have much shorter half-lives 
(t1/2 = 1 - 2 hours), Vonoprazan has a much longer plasma half-life (t1/2 = about 7 
hours when taken in a fasting state), allowing for a once-daily dose for clinical 
use. It is rapidly absorbed and reaches the maximum plasma level (Cmax) within 
two hours [29]. 

The demand for generic versions of Vonoprazan is increasing since it offers a 
more cost-effective option for most patients, improving treatment adherence. To 
correlate the generic medication with the biopharmaceutical quality, therapeutic 
efficacy, and safety of the reference product, generic drugs must demonstrate 
their bioequivalence with their reference (innovator) medicine [30]. Bioequiva-
lence is shown when two drugs are pharmaceutically equivalent, and their bioa-
vailability after administration is within the allowed specified limits [31].  

This study aims to provide a comprehensive bioequivalence analysis of the 
two formulations of Vonoprazan Fumarate 20 mg tablets from Beximco Phar-
maceuticals Limited, Bangladesh, and Takecab 20 mg tablets from Takeda Phar-
maceutical Company Limited, Japan. The research confirms the bioequivalence 
of these formulations and focuses on key pharmacokinetic parameters and their 
potential clinical relevance. The findings will enhance clinicians’ and formula-
tors’ existing knowledge of Vonoprazan’s pharmacokinetic profile, ensuring in-
terchangeable use without compromising efficacy. 

2. Methods 
2.1. Study Design 

This was a single-site, open-label, randomized, balanced, laboratory-blind, sin-
gle-dose, two-treatment, two-sequence, two-period, two-way crossover oral bi-
oequivalence study of Vonoprazan Fumarate 20 mg tablet manufactured by 
Beximco Pharmaceuticals Limited, Bangladesh (T) and Takecab 20 mg (Vonopra-
zan Fumarate 20 mg) tablet of Takeda Pharmaceutical Company Limited, Japan, 
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in healthy adult male human subjects under fasting conditions. SAS was used for 
randomization and treatment allocation. All the study personnel, as well as the 
participants, were unblinded to the treatment assigned in each period. Never-
theless, during the analytical procedures, the analyst remains blinded to the se-
quence of treatment allocation. The clinical investigation was completed over 15 
days. Based on Vonoprazan’s reported plasma half-life, which ranges from 7 to 9 
hours [32] [33], a seven-day washout time was considered appropriate for this 
clinical study since it exceeds the seven half-lives recommended by the FDA 
[34]. 

2.2. Study Center and Study Duration 

The study was conducted at one of Bangladesh’s earliest DGDA-approved Con-
tract Research Organizations (CRO). The clinical part of the study was carried 
out at Novus Clinical Research Services Limited from January 25 to February 04, 
2024, while the analytical stage was carried out from February 15 to March 04, 
2024. 

2.3. Ethical Standards/Compliance with Ethics Guidelines 

The study adhered to the most recent versions of the Declaration of Helsinki and 
the International Council for Harmonization’s current guidelines for good clin-
ical practice [35] [36]. The study documents, including the protocol and consent 
form, were reviewed and approved by the Bangladesh Medical Research Council 
(BMRC) of the National Research Ethics Committee (NREC) on November 2023 
(Reference No.: BMRC/NREC/2022-2025/272). The study was also approved by 
the Directorate General of Drug Administration (DGDA) on January 2024 (Ref-
erence No.: DGDA/CTP-04/2016/1303). 

2.4. Study Products 

Table 1 shows the Identification of both Investigational Products. 
 
Table 1. Identification of the investigational product(s). 

IMP details Test product (T) Reference product (R) 

Trade Name - Takecab® 

Generic Name Vonoprazan Fumarate Vonoprazan Fumarate 

Specification 20 mg/tablet 20 mg/tablet 

Batch/Lot No. 49322501 546244 

Expiry Date 10/2025 01/2026 

Manufacturer 
Beximco Pharmaceuticals Ltd., 

Bangladesh 
Takeda Pharmaceutical 

Company Limited, Japan 

2.5. Study Population 

The participants had to go through a pre-study screening process. Randomly, 48 
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Bangladeshi volunteers were chosen from Novus’s registered volunteer database 
if they could participate, communicate well with the researchers, be available 
during the study period, and give written informed consent. Following a 
pre-study medical evaluation, 18 healthy participants were enrolled in the study 
as subjects. Volunteers aged 18 - 55 with a Body Mass Index (BMI) between 18 
and 30 kg/m2 were recruited for the study [37]. All participants underwent a 
thorough health assessment, including measurements of blood pressure (BP), 
pulse rate, temperature, and respiration rate during a physical examination and 
interview. Additionally, they underwent a 12-lead ECG, chest radiography, he-
matology and blood chemistry tests, urinalysis, tests for alcohol and drug abuse, 
and a COVID antigen test. Furthermore, serological examinations included 
testing for antibodies to HIV, hepatitis B, and hepatitis C. All tests were con-
ducted at the diagnostic center of Novus Clinical Research Services Limited. Se-
lected participants were required to be free of any significant disease or clinically 
significant abnormal laboratory values upon evaluation of medical history, 
physical examination, and laboratory tests.  

Individuals with known allergies or hypersensitive intolerances to Vonopra-
zan, chronic illnesses, bleeding disorders, or abnormal health conditions as-
sessed by baseline medication, medical history, and vital signs were excluded 
from the study. Subjects with difficult vein accessibility were also excluded. Par-
ticipants were advised to avoid medications impacting liver drug-metabolizing 
enzymes for at least one month before and during the trial. They were also in-
structed not to use any prescribed medications for 14 days or over-the-counter 
(OTC) products for seven days before and during the trial. Participants were 
asked to abstain from consuming alcohol, beverages, or food containing xan-
thines for 48 hours before the study and until the final blood sample was col-
lected. Moreover, individuals who had experienced blood loss or donated more 
than 350 milliliters of blood in the three months before the experiment were in-
eligible to participate. 

2.6. Drug Administration 

On the day before medication administration, eligible participants checked into 
the clinical pharmacology unit and fasted for 10 hours (except for water) to es-
tablish baseline plasma measurements. Randomization was done using SAS 
(Version 9.4; SAS Institute Ind., USA) by a statistician to allocate individuals to 
dosing-order subgroups, T/R and R/T. Each participant received a test or refer-
ence formulation tablet with 240 milliliters of water. Participants were prohibit-
ed from drinking water for one hour before and after drug administration. Fol-
lowing dosing, participants were closely monitored while seated for four hours. 

2.7. Blood Sampling 

A pre-dose (0.00 hour) pharmacokinetic blood sample was taken on the dosing 
day, one hour before the study drug’s administration, to establish the baseline 
plasma level. Blood samples (5 mL) were collected in K2EDTA tubes from the 
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forearm vein at specific intervals ranging from 0.25 to 48.00 hours after drug 
administration. The collected samples were subjected to centrifugation (3500 
RPM for 10 minutes at 5˚C ± 3˚C) to separate plasma, which was then trans-
ferred to polypropylene tubes and stored at −70˚C until liquid chromatog-
raphy-tandem mass spectrometry (LC-MS/MS) analysis was performed. 

2.8. Safety Evaluation 

Clinical laboratory testing (hematology, clinical biochemistry, serology, and 
urine analysis), physical examinations, vital signs, ECGs, and subject-reported 
adverse events (AEs) monitoring were all included in the safety assessments. 
Following administering the medication, vital signs (blood pressure, pulse rate, 
respiration rate, and body temperature) were recorded at 1.00, 3.00, 5.00, 7.00, 
9.00, 11.00, 13.00, 24.00, and 48.00 hours. Throughout the trials, spontaneous 
reports of adverse events were collected and assessed for severity and correlation 
with the study medication. Upon completion of the study, clinical laboratory 
determinations were performed and evaluated to monitor adverse events. 

2.9. Bioanalytical Method 

The concentration of Vonoprazan in plasma was measured using protein pre-
cipitation and a validated LC-MS/MS method, with Linagliptin as the internal 
standard. Chromatographic separation utilized an ACE 3 C18-AR column with a 
size of 4.6 × 50 mm and a 3.0 µm particle size at a column temperature of 30˚C 
and a flow rate of 0.600 mL/min. The lower limit of quantitation (LLOQ) for 
Vonoprazan was 0.500 ng/mL, with a dynamic range of 0.500 to 75 ng/mL. The 
method was found to be linear across this concentration range, with a correla-
tion coefficient greater than 0.99. Quality control (QC) samples at concentra-
tions of 0.500, 2.00, 15.00, 25.00, and 50.00 ng/mL were analyzed and distributed 
equally among the volunteers’ plasma samples to evaluate method accuracy and 
precision. Vonoprazan’s within-run precision and accuracy ranged from 2.23% 
to 9.27% and 96.4% to 120.7%, respectively, whereas its between-run precision 
and accuracy ranged from 4.16% to 9.57% and 102.4% to 111.8%, respectively. 

After completing both study periods, pharmacokinetic analysis was conducted 
for each participant. Key pharmacokinetic parameters including the maximum 
observed plasma concentration (Cmax), area under the plasma concentra-
tion-time curve from administration to the last observed quantifiable concentra-
tion at time t (AUC0-t), area under the plasma concentration-time curve extrap-
olated to infinity (AUC0-∞), time to reach maximum observed plasma concentra-
tion (Tmax), and plasma half-life (t½) were calculated based on the plasma con-
centrations of Vonoprazan. 

2.10. Statistical Analysis 

Statistical analysis was conducted using the SAS® statistical software, Version 9.4 
of SAS Institute Ind., USA. ANOVA was used to evaluate the log (Ln) trans-
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formed pharmacokinetic parameters (AUC0-t and AUC0-∞) at a significance 
level of 5% (α = 0.05). The terms sequence, period, and formulation were used 
in the ANOVA model. When the 90% confidence intervals (CIs) for the geo-
metric mean ratios of Cmax, AUC0-t, and AUC0-∞ for both analytes fall between 
80% and 125% for the Ln-transformed data, bioequivalence will be declared 
[38] [39]. 

3. Results 
3.1. Subject Disposition and Demographics 

Each of the eighteen enrolled participants who received the Vonoprazan test or 
reference therapy completed the trial. Table 2 summarizes the baseline de-
mographics of all subjects who completed the study. 
 
Table 2. Demographic details of subjects who completed the study (N = 18). 

Characteristic Values 

Total number of male subjects 18 

Age, mean (SD), range, years 25 (2.7344), 20 - 33 

Weight, mean (SD), range, kg 66.64 (9.4126), 51.15 - 87.00 

Height, mean (SD), range, cm 166.20 (5.4939), 156 - 174 

BMI, mean (SD), range, kg/m2 24.13 (2.6193), 19.30 - 29.80 

3.2. Pharmacokinetic Properties 

Table 3 summarizes the major pharmacokinetic parameters of Vonoprazan un-
der fasting conditions. 
 
Table 3. Summary results of pharmacokinetic parameters. 

Takecab 20 mg tablet i.e. Vonoprazan Fumarate 20 mg (Reference Product) 

Variable N Arithmetic Mean SD CV% Min Median Max 

Tmax (hr) 18 1.531 0.4012 26.2 0.75 1.65 2.00 

Cmax (ng/mL) 18 35.0669 5.30023 15.1 27.072 35.140 47.149 

AUC0-t 
(hr * ng/mL) 

18 322.4877 84.19805 26.1 167.221 339.739 467.481 

AUC0-∞ 
(hr * ng/mL) 

18 340.2188 83.07971 24.4 181.085 358.885 482.675 

AUC_% 
Extrap_obs (%) 

18 5.5785 3.71879 66.7 1.850 3.613 13.367 

T½ (hr) 18 8.2283 1.38669 16.9 6.135 8.646 10.676 

Kel (hr−1) 18 0.0867 0.01543 17.8 0.065 0.080 0.113 

Vonoprazan Fumarate 20 mg tablet (Test Product) 

 N Arithmetic Mean SD CV% Min Median Max 

Tmax (hr) 18 1.629 0.5967 36.6 0.75 1.50 3.00 
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Continued 

Cmax (ng/mL) 18 39.0124 9.58088 24.6 21.845 38.350 55.525 

AUC0-t 
(hr * ng/mL) 

18 326.1952 84.98408 26.1 185.947 323.019 456.491 

AUC0-∞ 
(hr * ng/mL) 

18 343.9048 84.14690 24.5 199.389 343.720 470.143 

AUC_% 
Extrap_obs (%) 

18 5.4578 3.76077 68.9 1.425 3.541 12.520 

T½ (hr) 18 8.0532 1.81257 22.5 4.208 7.960 11.444 

Kel (hr−1) 18 0.0910 0.02432 26.7 0.061 0.087 0.165 

 
Overall, plasma concentrations (Figure 1 and Figure 2) and exposure to 

Vonoprazan were similar between the two treatments. 
 

 

Figure 1. Linear mean plots for Vonoprazan plasma concentration (ng/ml) vs Time (Hr). 
 

 

Figure 2. Semilog mean plots for Vonoprazan plasma concentration (ng/ml) vs Time (Hr). 
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Table 4 shows the geometric means, geometric mean ratios (test/reference), 
90% confidence interval, and intra-subject percentage CV of the bioequivalence 
statistics derived from the log-transformed data for Cmax, AUC0–t, and AUC0–∞. 
The 90% confidence intervals for Vonoprazan Cmax, AUC0–t, and AUC0–∞ were 
99.47% - 119.53%, 95.58% - 107.50%, and 95.43% - 107.41%, respectively. The 
90% confidence intervals of the geometric mean ratios for the three parameters 
all fell within the predetermined range of 80% to 125%. Therefore, these findings 
suggest that the bioequivalence requirements were met. 
 

Table 4. Statistical results of Ln-transformed test product (T) vs reference product (R) Vonoprazan. 

Parameter 

Geometric Least Squares Means 
(GEOLSM) T/R Ratio 

(%) 

90% Confidence Interval Intra Subject 
CV (%) 

Power 
(%) 

Test Product Reference Product Lower Limit (%) Upper Limit (%) 

Cmax 
(ng/mL) 

37.836 34.699 109.04 99.47 119.53 15.89 97.50 

AUC0-t 
(hr * ng/mL) 

314.963 310.710 101.37 95.58 107.50 10.12 99.98 

AUC0-∞ 
(hr * ng/mL) 

333.399 329.312 101.24 95.43 107.41 10.19 99.98 

Cmax = Maximum plasma drug concentration, AUC0-t = AUC from time 0 (baseline) to the last measurable concentration, AUC0-∞ 
= AUC from baseline extrapolated to infinity. 

 
The ANOVA results (Table 5) show that using logarithmic-transformed data, 

no sequence, period, or formulation effects were observed (p ≥ 0.5) for any PK 
parameters. 
 
Table 5. p-values for sources of variations obtained from the analysis of variance 
(ANOVA). 

ANOVA p-values 

Parameters LCmax LAUC0-t LAUC0-∞ 

Sequence 0.1235 0.5760 0.5072 

Period 0.3063 0.2314 0.1993 

Formulation 0.1196 0.6916 0.7205 

3.3. Safety Analysis 

During the trial, Vonoprazan demonstrated good tolerability. Only two subjects 
reported adverse events of diarrhea and vertigo, both of which were moderate 
and not considered possibly or probably related to the study treatment by the 
investigator. These events did not lead to any premature discontinuation of the 
trial by participants, nor were any deaths or serious adverse events reported. The 
laboratory safety tests, 12-lead ECGs, and vital signs showed no clinically signif-
icant abnormalities. Additionally, the general health status of all participants was 
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deemed clinically fit after the study’s clinical phase. 

4. Discussion 

The study compared the pharmacokinetics of a generic formulation of Vonoprazan 
20 mg film-coated tablet to those of the reference drug. Determining the bioe-
quivalence of a generic medication with its reference drug is crucial as it con-
firms the similarity in pharmacokinetic parameters, which is essential for ensur-
ing that the absorption rates and extent of both formulations are identical. The 
increasing use of generic products has amplified the significance of bioequiva-
lence research. 

Our findings demonstrated that the pharmacokinetic profiles of the reference 
and test drugs were highly similar, with the geometric mean ratio (GMR) and its 
90% confidence interval (CI) of Cmax, AUC0–t, and AUC0–∞ falling within the 80% 
to 125% bioequivalence acceptability range in terms of absorption rate and ex-
tent when administered as a single dose under fasting conditions. 

In this study, the insignificant variations in Tmax and Cmax reported between 
the Vonoprazan formulations, while statistically within the acceptable bioequiv-
alence range, are unlikely to have a significant clinical impact. These slight dif-
ferences may have a minor impact on the time-to-peak therapeutic effect (Tmax) 
and may barely influence the extent of the drug’s effects (Cmax). However, since 
every parameter meets the bioequivalence criteria, these slight variations are un-
likely to have a significant impact on the drug’s effectiveness. 

Although pharmacokinetic similarity is indicated through bioequivalence, 
therapeutic efficacy can also be influenced by additional factors such as formula-
tion variations, patient variability, and clinical aspects. Therefore, while the ge-
neric formulation may act as a cost-effective alternative to the reference drug, 
further studies may be needed to ensure that therapeutic outcomes remain con-
sistent across different patient populations and clinical situations. 

5. Limitations 

The study aimed to offer valuable insights into Vonoprazan’s bioequivalence. 
Still, there are a few limitations, such as a small sample size, a single-dose design, 
and a lack of specific evaluation of concomitant medications’ influence on 
Vonoprazan pharmacokinetics. Future research could benefit from larger sample 
sizes and multiple dosing regimens to better understand the variability in 
Vonoprazan pharmacokinetics over time and under different dosing regimens. 
It’s also crucial to consider potential drug-drug interactions and examine the 
impact of co-administered medications on Vonoprazan’s bioavailability and 
metabolism.  

6. Conclusion 

This bioequivalence study’s findings offer valuable insights into the pharmaco-
kinetic profile of Vonoprazan. By conducting a thorough analysis and compari-
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son of pharmacokinetic parameters between the test and reference formulations, 
we have substantiated that the test formulation of Vonoprazan is bioequivalent 
to the reference formulation. The absence of significant differences in the rate 
and extent of absorption supports this. These results indicate that healthcare 
providers can confidently prescribe or dispense Vonoprazan, as the test and ref-
erence formulations are interchangeable and produce similar therapeutic effects 
in patients due to their comparable systemic exposure and pharmacokinetic 
properties. 
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