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Abstract: Vonoprazan fumarate is an acid-stable potassium-competitive acid blocker with rapid and 

sustained gastric acid suppression. Interest in gastro-retentive and mucoadhesive delivery arises from the 

possibility of controlling gastric drug release, but the literature requires careful interpretation. This review 

integrates evidence from five domains: peptic ulcer disease and acid suppression, vonoprazan 

pharmacology, gastro-retentive floating systems, mucoadhesive polymers, and Quality-by-Design with 

analytical validation, dissolution modelling and stability. The review shows that hollow microballoons can 

be prepared as low-density multiparticulates and that mucoadhesive polymers may provide temporary 

mucosal contact. However, in-vitro floating and ex-vivo adhesion are formulation attributes, not direct 

evidence of human gastric residence or clinical superiority. A development framework is proposed that 

connects drug properties, polymer selection, emulsion solvent diffusion-evaporation, critical quality 

attributes, Box-Behnken optimization, analytical controls and stability. The review concludes that the 

vonoprazan microballoon concept is scientifically testable, but final claims must be limited to the evidence 

generated. 
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I. INTRODUCTION 

Gastro-retentive drug delivery systems are designed to increase residence of a dosage form in the stomach or proximal 

gastrointestinal region. They include floating, high-density, expandable, raft-forming, magnetic and mucoadhesive 

systems. Their potential value depends on the drug, formulation design and gastric physiology; therefore, retention 

should not be assumed from dosage-form type alone [20-25]. 

Vonoprazan fumarate is a strong acid suppressant with a mechanism distinct from classical proton-pump inhibitors. It is 

pharmacologically relevant to acid-related disorders and H. pylori eradication regimens, but clinical utility of the drug 

does not automatically translate into clinical superiority of a modified-release carrier. The formulation question is 

whether the active can be incorporated reproducibly into a dosage form with controlled release, low apparent density, 

temporary mucosal interaction and acceptable stability [6-19]. 

The purpose of this review is to synthesize the literature most relevant to developing vonoprazan fumarate 

microballoons. The review emphasizes evidence boundaries, because many formulation manuscripts overstate the 
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meaning of static flotation tests, ex-vivo adhesion or release duration. A balanced review should define what in-vitro 

and ex-vivo data can show and what they cannot show. 

 
Figure 1. Evidence domains integrated in the review. 

 

II. LITERATURE-SEARCH FRAMEWORK 

The evidence base was organized into five linked domains: peptic ulcer disease and acid suppression; vonoprazan 

pharmacology and clinical evidence; gastro-retentive and floating systems; mucoadhesion and polymer selection; and 

QbD, analytical validation, release modelling and stability. Unverified placeholder records should be excluded, and 

every retained source should be traceable to a full citation. 

Table 1. Review domains and inclusion logic. 

Domain Evidence included Reason for inclusion 
Peptic ulcer disease Disease mechanism, H. pylori, NSAID risk and 

acid suppression 
Defines clinical context and claim 
boundary 

Vonoprazan Pharmacology, acid suppression, clinical/regulatory 
evidence 

Supports drug selection 

Floating systems Gastro-retentive principles, hollow microballoons, 
physiological limits 

Supports dosage-form concept 

Mucoadhesion Polymer interactions, hydration, tissue testing Supports temporary contact 
mechanism 

QbD and analytics ICH principles, validation, dissolution modelling, 
stability and residual solvents 

Supports development and data 
integrity 

 

III. PEPTIC ULCER DISEASE AND CLINICAL CONTEXT 

Peptic ulcer disease is associated primarily with H. pylori infection and NSAID or aspirin exposure, although smoking, 

stress and hypersecretory disorders can modify risk. Acid suppression supports healing, but cause-directed therapy 

remains necessary when infection or ulcerogenic medicines are involved [1-5]. 

A formulation intended for gastric drug delivery must therefore be judged first by pharmaceutical quality attributes. 

Claims about symptom relief, recurrence prevention, bleeding reduction or eradication success require clinical studies 
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and cannot be inferred from release profiles. This distinction is central to responsible development of a vonoprazan 

microballoon system. 

Immediate-release vonoprazan represents an existing drug-delivery approach. A modified delivery system should 

preserve dose accuracy and early availability while reducing burst release and improving reproducibility. A slower 

release curve alone is not evidence of therapeutic benefit. 

 

IV. VONOPRAZAN FUMARATE AS ACTIVE DRUG 

Vonoprazan is a potassium-competitive acid blocker that inhibits gastric H+/K+-ATPase without acid-catalysed 

activation. It accumulates in acidic secretory canaliculi and produces a sustained pharmacodynamic effect. The 

fumarate salt is the relevant pharmaceutical form for marketed products and formulation development [6-11]. 

The drug profile creates both opportunity and caution. Acid stability and potent pharmacodynamics support formulation 

investigation, but the existing sustained pharmacodynamic effect means that a controlled-release carrier must be 

justified by pharmaceutical performance rather than assumed clinical advantage. 

Solubility and phase distribution are especially important for microballoons. Drug movement from organic droplets into 

the aqueous PVA phase can reduce entrapment, while poor compatibility may create crystals on the particle surface. 

Quantitative solubility studies should therefore precede final polymer and solvent selection. 

Table 2. Drug-related considerations for a vonoprazan microballoon system. 

Drug feature Development implication Evidence boundary 
Acid stability Supports gastric formulation 

development 
Does not establish superiority of 
retention 

Potent acid suppression Provides therapeutic rationale Does not replace H. pylori-directed 
therapy 

Basic amine and ionization May affect solubility and 
compartmental accumulation 

Requires quantitative solubility and 
release data 

Fumarate salt Defined solid-state form for 
development 

Batch identity and stability must be 
confirmed 

Drug interactions and safety Need comparison with official 
product information 

Modified release needs separate 
safety evaluation 

 

V. GASTRO-RETENTIVE AND FLOATING SYSTEMS 

Floating systems are designed to remain buoyant by maintaining apparent density lower than gastric fluid. Hollow 

microballoons use a polymeric shell and internal void to reduce density. The literature supports the feasibility of this 

structure, but also shows that buoyancy depends on wettability, porosity, polymer composition, solvent removal and 

mechanical robustness [20-25,30-33]. 

Physiology limits translation. Fed or fasted state, motility, fluid volume, posture and pyloric sieving influence gastric 

residence. Static floating tests are useful formulation screens, but direct in-vivo evidence is required before claiming 

prolonged human residence. 

Multiple-unit microballoons may offer advantages over single-unit systems by distributing the dose and reducing all-or-

none emptying. However, individual particles remain subject to emptying and shear, and excessive aggregation can 

defeat the multiparticulate concept. 
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Figure 2. Literature

 

VI. MUCOADHESION AND 

Mucoadhesion is a dynamic process involving wetting, hydration, intimate contact, polymer

interpenetration and secondary bonding. Theories of mucoadhesion provide a conceptual basis, but test conditions 

strongly affect measured values [26-29,46,47].

Carbopol, chitosan and HPMC are plausible candidates because they differ in charge, hydration and chain behaviour. 

Carbopol can provide strong hydrogen bonding and swelling, chitosan can contribute cationic interaction with m

and HPMC can modify hydration and release. Excessive polymer hydration may increase density, cause aggregation or 

slow terminal release. 

Ex-vivo methods should report tissue source, anatomical region, procurement

preload, contact time, motion or detachment rate and comparator. Without these details, a percentage adhesion value is 

difficult to compare across studies. 

Table 3. Mucoadhesive polymer options and interpretation cautions.

Polymer Potential advantage
Carbopol 934P Strong hydration and hydrogen

bonding capacity
Chitosan Cationic interaction with mucus; 

film-forming tendency
HPMC K4M/K15M Hydration and release
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Figure 2. Literature-guided selection flow for gastro-retentive microballoons.

. MUCOADHESION AND POLYMER SELECTION 

Mucoadhesion is a dynamic process involving wetting, hydration, intimate contact, polymer

interpenetration and secondary bonding. Theories of mucoadhesion provide a conceptual basis, but test conditions 

29,46,47]. 

Carbopol, chitosan and HPMC are plausible candidates because they differ in charge, hydration and chain behaviour. 

Carbopol can provide strong hydrogen bonding and swelling, chitosan can contribute cationic interaction with m

and HPMC can modify hydration and release. Excessive polymer hydration may increase density, cause aggregation or 

vivo methods should report tissue source, anatomical region, procurement-to-test interval, storage, hydration,

preload, contact time, motion or detachment rate and comparator. Without these details, a percentage adhesion value is 

Table 3. Mucoadhesive polymer options and interpretation cautions.

Potential advantage Key caution 
Strong hydration and hydrogen-
bonding capacity 

Excess swelling may increase density 
or alter release 

Cationic interaction with mucus; 
forming tendency 

Performance depends on 
deacetylation and pH

Hydration and release-modifying May reduce buoyancy if hydration is 
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retentive microballoons. 

Mucoadhesion is a dynamic process involving wetting, hydration, intimate contact, polymer-chain mobility, 

interpenetration and secondary bonding. Theories of mucoadhesion provide a conceptual basis, but test conditions 

Carbopol, chitosan and HPMC are plausible candidates because they differ in charge, hydration and chain behaviour. 

Carbopol can provide strong hydrogen bonding and swelling, chitosan can contribute cationic interaction with mucus, 

and HPMC can modify hydration and release. Excessive polymer hydration may increase density, cause aggregation or 

test interval, storage, hydration, 

preload, contact time, motion or detachment rate and comparator. Without these details, a percentage adhesion value is 

Table 3. Mucoadhesive polymer options and interpretation cautions. 

Excess swelling may increase density 

Performance depends on 
deacetylation and pH 
May reduce buoyancy if hydration is 
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behaviour
Polymer blends Balance adhesion, buoyancy and 

release
 

VII. EMULSION SOLVENT D

In this method, drug and shell polymers are dissolved or dispersed in an organic phase and added into an aqueous 

stabilizer phase. Droplet formation, solvent diffusion, evaporation and polymer precipitation create a shell and internal 

cavity. Process variables such as viscosity, addition rate, stirring speed, phase ratio, temperature and drying affect the 

final product [30-33]. 

The method is attractive for laboratory development because it can produce hollow particles without complex 

equipment. Its limitations include solvent selection, residual solvent control, scale sensitivity, variable size distribution 

and possible drug migration into the external phase.

Each manufacturing run should be supported by a complete batch record. A failed batch may be scientifically valuable

because it reveals factor boundaries; excluding it without assignable cause can bias an optimization model.

Figure 3. Mechanistic links between polymer hydration, buoyancy, mucoadhesion and release.

VIII. QUALITY-

QbD translates product intent into measurable quality targets, critical quality attributes, material attributes, process 

parameters, risk assessment, designed experiments and a control strategy. For vonoprazan microballoons, CQAs 

include identity, assay, particle size, morphology, yield, drug loading, entrapment, buoyancy, mucoadhesion, release, 

residual solvent, moisture and stability [34

Analytical methods must be suitable for the decisions they support. Specificity, accuracy, precision, linearity, range

robustness, filter compatibility and solution stability are required for assay and dissolution decisions. A high regression 

coefficient alone is not a validation result [43].

Dissolution modelling should be descriptive, not overstated. Higuchi and Korsme

release mechanisms, but model fit does not prove a unique mechanism without residual inspection, parameter 

plausibility and correct geometry assumptions [39

Table 4. QbD elements for vonoprazan microballoons.

QbD element Application to microballoons
QTPP Capsule-filled hollow multiparticulate with controlled 

release 
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behaviour excessive 
Balance adhesion, buoyancy and 
release 

Requires mixture-specific 
optimization 

. EMULSION SOLVENT DIFFUSION-EVAPORATION MICROBAL

drug and shell polymers are dissolved or dispersed in an organic phase and added into an aqueous 

stabilizer phase. Droplet formation, solvent diffusion, evaporation and polymer precipitation create a shell and internal 

cosity, addition rate, stirring speed, phase ratio, temperature and drying affect the 

The method is attractive for laboratory development because it can produce hollow particles without complex 

ent selection, residual solvent control, scale sensitivity, variable size distribution 

and possible drug migration into the external phase. 

Each manufacturing run should be supported by a complete batch record. A failed batch may be scientifically valuable

because it reveals factor boundaries; excluding it without assignable cause can bias an optimization model.

Figure 3. Mechanistic links between polymer hydration, buoyancy, mucoadhesion and release.

 

-BY-DESIGN AND ANALYTICAL REQUIREMENTS

translates product intent into measurable quality targets, critical quality attributes, material attributes, process 

parameters, risk assessment, designed experiments and a control strategy. For vonoprazan microballoons, CQAs 

cle size, morphology, yield, drug loading, entrapment, buoyancy, mucoadhesion, release, 

residual solvent, moisture and stability [34-38]. 

Analytical methods must be suitable for the decisions they support. Specificity, accuracy, precision, linearity, range

robustness, filter compatibility and solution stability are required for assay and dissolution decisions. A high regression 

coefficient alone is not a validation result [43]. 

Dissolution modelling should be descriptive, not overstated. Higuchi and Korsmeyer-Peppas models can help compare 

release mechanisms, but model fit does not prove a unique mechanism without residual inspection, parameter 

plausibility and correct geometry assumptions [39-42]. 

Table 4. QbD elements for vonoprazan microballoons. 

Application to microballoons Documentation required
filled hollow multiparticulate with controlled Target profile and claim boundary
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specific 

EVAPORATION MICROBALLOONS 

drug and shell polymers are dissolved or dispersed in an organic phase and added into an aqueous 

stabilizer phase. Droplet formation, solvent diffusion, evaporation and polymer precipitation create a shell and internal 

cosity, addition rate, stirring speed, phase ratio, temperature and drying affect the 

The method is attractive for laboratory development because it can produce hollow particles without complex 

ent selection, residual solvent control, scale sensitivity, variable size distribution 

Each manufacturing run should be supported by a complete batch record. A failed batch may be scientifically valuable 

because it reveals factor boundaries; excluding it without assignable cause can bias an optimization model. 

 
Figure 3. Mechanistic links between polymer hydration, buoyancy, mucoadhesion and release. 

L REQUIREMENTS 

translates product intent into measurable quality targets, critical quality attributes, material attributes, process 

parameters, risk assessment, designed experiments and a control strategy. For vonoprazan microballoons, CQAs 

cle size, morphology, yield, drug loading, entrapment, buoyancy, mucoadhesion, release, 

Analytical methods must be suitable for the decisions they support. Specificity, accuracy, precision, linearity, range, 

robustness, filter compatibility and solution stability are required for assay and dissolution decisions. A high regression 

Peppas models can help compare 

release mechanisms, but model fit does not prove a unique mechanism without residual inspection, parameter 

Documentation required 
Target profile and claim boundary 
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CQAs Assay, size, morphology, buoyancy, mucoadhesion, 

release, stability 
Methods and acceptance logic 

CMAs Drug solid state, polymer grade, solvent quality, PVA 
characteristics 

Supplier, grade, batch and CoA 

CPPs Stirring, addition rate, phase ratio, temperature, 
drying 

Calibrated process record 

Control strategy Material, process, in-process and finished-product 
controls 

Integrated checklist and change 
control 

 

IX. STABILITY, RESIDUAL SOLVENTS AND SAFETY BOUNDARIES 

Residual solvent control is a central safety requirement for solvent diffusion-evaporation products. The drying endpoint 

cannot be judged solely by appearance; solvent-specific testing should be performed when applicable. Solvent selection 

should balance pharmaceutical function and toxicological risk [38]. 

Stability studies should monitor appearance, aggregation, moisture, assay, degradation, buoyancy, mucoadhesion and 

dissolution. Short-term development stability can support formulation selection, but shelf life requires a suitable ICH-

aligned data package [37]. 

Safety interpretation should remain proportional. Use of an approved drug substance does not make a novel carrier 

automatically safe, and a carrier with favourable in-vitro performance should not be described as clinically superior 

before comparative evidence exists. 

 

X. CRITICAL SYNTHESIS AND RESEARCH GAP 

The literature supports the individual components of the concept: vonoprazan has strong acid-suppressing 

pharmacology, hollow microballoons can float, mucoadhesive polymers can interact temporarily with mucosa, and 

QbD can organize development. The unresolved gap is integration: the same formulation must simultaneously achieve 

acceptable yield, loading, hollow morphology, buoyancy, mucoadhesion, controlled release, residual solvent and 

stability. 

The most important risk is overinterpretation. A static floating test is not human gastric retention; an ex-vivo adhesion 

value is not permanent attachment; and a slow release profile is not clinical benefit. The development pathway must 

therefore begin with pharmaceutical feasibility and proceed to in-vivo or clinical evaluation only after product quality 

is reproducible. 

Future work should focus on authenticated batch-level experimental data, representative microscopy, validated assay 

and dissolution methods, residual solvent measurement, confirmation batches and direct in-vivo evaluation when 

justified. Data integrity should require full retention of raw observations, failed batches, calculation files and model 

diagnostics. 
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Figure 4. Evidence domains and boundary of claims for the review. 

 

XI. CONCLUSION 

The literature supports a rational formulation-development pathway for vonoprazan fumarate gastro-retentive 

mucoadhesive microballoons. The concept is scientifically plausible when it is framed as a pharmaceutical platform 

requiring evidence of dose accuracy, buoyancy, temporary mucoadhesion, controlled release, residual-solvent control 

and stability. The literature does not justify unsupported claims of improved bioavailability, gastric residence or clinical 

superiority. A robust QbD and data-integrity framework is therefore essential for future experimental development. 
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