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ABSTRACT

The present study aimed to develop and optimize a sustained-release tablet formulation of
belzutifan 80 mg using Quality by Design (QbD) principles to achieve controlled drug release over
an extended period, thereby improving therapeutic efficacy and patient compliance.
Comprehensive preformulation studies confirmed belzutifan as a BCS Class II drug with pH-
dependent solubility and compatibility with selected excipients. A systematic QbD approach was
employed, beginning with definition of Quality Target Product Profile (QTPP), identification of
Critical Quality Attributes (CQAs), and risk assessment using Ishikawa diagrams. A 3? factorial
design was utilized to optimize formulation variables including HPMC K100M concentration (70-
110 mg) and compression force (5-15 kN). Statistical analysis revealed that both factors
significantly influenced tablet hardness, friability, and dissolution profile. The optimized
formulation containing 95 mg HPMC K100M compressed at 12 kN demonstrated sustained release
with 23.9% drug release at 2 hours, 53.8% at 6 hours, and 88.2% at 12 hours, meeting the target
QTPP specifications. Mathematical modeling indicated anomalous non-Fickian transport as the
predominant release mechanism. Stability studies under ICH conditions confirmed the
formulation's physical and chemical stability over six months. The QbD-based approach

successfully yielded a robust, reproducible sustained-release formulation with consistent quality
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attributes and desired pharmacokinetic profile for improved management of von Hippel-Lindau

disease.

Keywords: Belzutifan, Sustained release, Quality by Design, HPMC K100M, Factorial

design, Dissolution Kinetics
INTRODUCTION
1.1 Overview of Drug Delivery Systems

The pharmaceutical industry has witnessed remarkable progress in drug delivery systems over the
past few decades, with a significant shift from conventional immediate-release formulations to
modified-release delivery systems [1]. Drug delivery systems are designed to optimize therapeutic
outcomes by controlling the rate, time, and site of drug release in the body [2]. Among various
modified-release systems, sustained-release formulations have gained considerable attention due
to their ability to maintain therapeutic drug concentrations over extended periods, thereby reducing

dosing frequency and improving patient compliance [3].

Sustained-release dosage forms represent a sophisticated approach to drug delivery that aims to
release the active pharmaceutical ingredient at a predetermined rate for a specific period [4]. These
systems offer numerous advantages over conventional formulations, including reduced dosing
frequency, minimized fluctuations in plasma drug concentrations, decreased side effects, and
improved patient adherence to therapy [5]. The development of sustained-release formulations has
become particularly important for drugs with short biological half-lives, narrow therapeutic

windows, or those requiring frequent administration to maintain therapeutic efficacy [6].
1.2 Quality by Design (QbD) in Pharmaceutical Development

Quality by Design has emerged as a paradigm shift in pharmaceutical development, moving away
from traditional quality by testing approaches toward a more systematic and scientific
methodology [10]. The International Council for Harmonisation (ICH) introduced QbD principles
through guidelines such as ICH Q8 (Pharmaceutical Development), ICH Q9 (Quality Risk
Management), and ICH Q10 (Pharmaceutical Quality System), establishing a framework for

enhanced pharmaceutical development [11].
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QbD is defined as a systematic approach to development that begins with predefined objectives
and emphasizes product and process understanding and process control, based on sound science
and quality risk management [12]. This approach involves identifying critical quality attributes
(CQASs) of the drug product, determining critical process parameters (CPPs) that influence these
attributes, and establishing a design space within which consistent quality can be assured [13]. The
implementation of QbD principles in formulation development ensures robust products with

consistent quality, reduced variability, and improved process efficiency [14].
1.3 Belzutifan: Pharmacological Profile and Therapeutic Applications

Belzutifan is a novel, orally administered small molecule inhibitor of hypoxia-inducible factor-2
alpha (HIF-2a), representing a significant advancement in targeted cancer therapy [20]. The drug
was approved by the United States Food and Drug Administration (FDA) in August 2021 for the
treatment of adult patients with von Hippel-Lindau (VHL) disease who require therapy for
associated renal cell carcinoma, central nervous system hemangioblastomas, or pancreatic

neuroendocrine tumors [21].
1.4 Rationale for Sustained-Release Formulation of Belzutifan

The development of a sustained-release formulation for belzutifan 80 mg is driven by several
compelling scientific and clinical considerations. First, while belzutifan's half-life supports once-
daily dosing, conventional immediate-release formulations may result in significant fluctuations
in plasma concentrations throughout the dosing interval. These fluctuations can potentially lead to
periods of suboptimal therapeutic coverage or unnecessarily high peak concentrations associated

with adverse effects.

A sustained-release formulation would provide a more gradual and controlled release of the drug,
maintaining plasma concentrations within the therapeutic window for extended periods. This
controlled release profile could enhance the therapeutic efficacy of belzutifan by ensuring
consistent HIF-2a inhibition throughout the day, which is particularly important in cancer therapy

where continuous target suppression may improve outcomes.

1.5 Polymers and Excipients in Sustained-Release Formulations
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The selection of appropriate polymers and excipients is fundamental to the successful development
of sustained-release formulations. Polymers serve as the primary release-controlling agents, and
their selection depends on the desired release mechanism, drug properties, and manufacturing
method. Commonly used polymers in sustained-release systems include hydroxypropyl
methylcellulose (HPMC), polyethylene oxide (PEO), ethyl cellulose, polymethacrylates, and

various grades of polyvinyl derivatives.

Hydroxypropyl methylcellulose is one of the most widely used hydrophilic polymers in sustained-
release matrix tablets due to its excellent gel-forming properties, safety profile, and compatibility
with various drugs. HPMC forms a viscous gel layer upon contact with aqueous media, which
controls drug diffusion and creates a barrier to drug release. Different viscosity grades of HPMC
provide varying release rates, allowing formulation scientists to tailor release profiles according to

therapeutic needs.
DRUG PROFILE
2.1 Introduction to Belzutifan

Belzutifan represents a groundbreaking advancement in targeted oncology therapeutics,
specifically designed to address the unmet medical needs of patients with von Hippel-Lindau
disease and associated tumors. As a first-in-class hypoxia-inducible factor-2 alpha inhibitor,
belzutifan has transformed the treatment paradigm for a rare genetic disorder that previously
lacked effective pharmacological interventions. The drug's approval by regulatory authorities
marked a significant milestone in precision medicine, offering hope to patients suffering from this

debilitating hereditary cancer syndrome.

The development of belzutifan stemmed from decades of research into the molecular mechanisms
underlying von Hippel-Lindau disease and the critical role of hypoxia-inducible factors in tumor
development and progression. Understanding the pathophysiology of VHL disease and the
downstream consequences of VHL protein loss provided the scientific rationale for targeting HIF-
20 as a therapeutic strategy. Belzutifan's unique mechanism of action distinguishes it from
conventional chemotherapeutic agents and represents a paradigm shift toward molecularly targeted

cancer therapy.
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2.2 Chemical Structure and Nomenclature

Belzutifan is chemically designated as 2-[(1S)-1-(2-fluoro-6-methylphenyl)-2-methoxyethyl]-4-
[(2-methylpyrazol-3-yl)amino]isoquinoline-1,3-dione. The molecular formula is C24H23FN403,
and the molecular weight is 434.46 g/mol. The chemical structure features an isoquinoline-1,3-

dione core scaffold, which is essential for its biological activity and target binding characteristics.

The molecule contains several key structural features that contribute to its pharmacological
properties. The fluorinated methylphenyl moiety provides metabolic stability and enhances
binding affinity to the target protein. The methoxy group contributes to the compound's
lipophilicity and membrane permeability. The methylpyrazole substituent is critical for hydrogen
bonding interactions with the HIF-2a protein, ensuring selective and potent inhibition. The
stereochemistry at the benzylic carbon is specified as S-configuration, which is essential for

optimal biological activity.

The systematic [UPAC nomenclature precisely describes the compound's structure, including the
stereochemical designation that distinguishes belzutifan from its enantiomer. The presence of the
chiral center necessitates stereoselective synthesis or chiral resolution during manufacturing to
ensure that only the active S-enantiomer is present in the final drug product. The absolute
configuration of this stereocenter has been confirmed through X-ray crystallography and

spectroscopic methods.
LITERATURE REVIEW
3.1 Evolution of Sustained-Release Drug Delivery Systems

The concept of sustained-release drug delivery has undergone substantial evolution since its
inception in the mid-twentieth century, transitioning from simple matrix-based systems to
sophisticated multi-particulate and smart delivery platforms [31]. Early sustained-release
formulations relied primarily on coating technologies and wax-matrix systems, which provided
rudimentary control over drug release but lacked the precision and reproducibility required for
modern pharmaceutical applications [32]. The development of hydrophilic polymer matrices

marked a significant advancement, offering more predictable release kinetics through well-
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characterized swelling and erosion mechanisms that could be mathematically modeled and

optimized [33].

Contemporary sustained-release systems leverage advanced materials science and pharmaceutical
engineering principles to achieve unprecedented control over drug release profiles [34]. Polymeric
systems have emerged as the predominant platform for sustained release, with materials such as
hydroxypropyl methylcellulose (HPMC), ethyl cellulose, polyethylene oxide, and various
methacrylate copolymers offering diverse release mechanisms and customizable properties [35].
The selection of polymer type, grade, and concentration enables formulation scientists to tailor
release profiles to match specific therapeutic requirements, accommodating drugs with varying

physicochemical properties and pharmacokinetic characteristics [36].
3.2 Polymer Science in Sustained-Release Formulations

Polymers constitute the foundation of modern sustained-release formulation technology, with their
selection and optimization representing critical determinants of product performance [40].
Hydroxypropyl methylcellulose stands as one of the most widely utilized polymers in sustained-
release matrices, attributed to its excellent swelling characteristics, biocompatibility, and versatile
release-modulating properties [41]. The viscosity grade of HPMC significantly influences the gel
layer thickness and consequent drug diffusion rates, with higher viscosity grades generally
providing more sustained release but potentially compromising drug release completeness for

poorly soluble compounds [42].
3.3 Mathematical Modeling of Drug Release Kinetics

Mathematical modeling serves as an indispensable tool for understanding, predicting, and
optimizing drug release from sustained-release formulations [49]. Various kinetic models have
been developed and validated to describe drug release mechanisms, with the selection of
appropriate models depending on the formulation design, drug properties, and release mechanism
[50]. The zero-order kinetic model describes systems releasing drug at a constant rate independent
of drug concentration, representing the ideal scenario for sustained-release formulations aimed at
maintaining steady plasma concentrations [51]. However, achieving true zero-order release
remains challenging for matrix systems, as diffusion path length increases and drug concentration

decreases over time.
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First-order kinetics characterize systems where drug release rate is proportional to the remaining
drug concentration, commonly observed in reservoir-type systems and some matrix formulations
[52]. The Higuchi model, derived from Fick's law of diffusion, has proven particularly applicable
to matrix systems where drug release is diffusion-controlled through a slowly dissolving or
swelling matrix [53]. This model assumes a planar geometry, uniform drug distribution, and perfect
sink conditions, providing good correlation for many hydrophilic matrix systems during the initial

phases of release.
3.4 Quality by Design Applications in Oncology Drug Development

The application of Quality by Design principles to oncology drug development has gained
substantial momentum, driven by the critical nature of cancer therapy and the need for robust,
reproducible formulations [57]. The QbD approach is particularly valuable for oncology drugs
given their typically narrow therapeutic indices, complex pharmacokinetics, and severe
consequences of dosing errors or suboptimal bioavailability [58]. Implementation of QbD in
oncology formulations begins with defining a comprehensive Quality Target Product Profile that
encompasses not only traditional pharmaceutical quality attributes but also clinically relevant
performance characteristics such as dose proportionality, food effects, and inter-subject variability

in exposure [59].
AIM AND OBJECTIVE
4.1 Aim

The primary aim of this research work is to develop and optimize a sustained-release tablet
formulation of belzutifan 80 mg using Quality by Design (QbD) principles, which will provide
controlled drug release over an extended period, thereby improving therapeutic efficacy, reducing
dosing frequency, and enhancing patient compliance in the management of von Hippel-Lindau

disease-associated tumors.
4.2 Rationale for the Study

Belzutifan, as a novel HIF-2a inhibitor, represents a significant therapeutic advancement for
patients with von Hippel-Lindau disease. However, the current immediate-release formulation may

result in plasma concentration fluctuations that could potentially lead to suboptimal therapeutic
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coverage or adverse effects associated with peak concentrations. The development of a sustained-
release formulation addresses these limitations by providing more consistent plasma drug levels

throughout the dosing interval, potentially improving the therapeutic index and patient tolerability.
4.3 Specific Objectives

The following specific objectives have been formulated to achieve the stated aim of this research:
4.3.1 Preformulation Studies and Drug Characterization

To conduct comprehensive preformulation studies including physicochemical characterization of
belzutifan active pharmaceutical ingredient, determination of drug-excipient compatibility through
appropriate analytical techniques, evaluation of solubility characteristics across physiologically
relevant pH ranges, and assessment of stability under various environmental conditions. These
studies will provide foundational data essential for rational formulation design and selection of

appropriate excipients.
4.3.2 Quality Target Product Profile Definition

To establish a comprehensive Quality Target Product Profile that defines the desired quality
characteristics of the sustained-release belzutifan tablet formulation, including target dissolution
specifications, physical attributes, chemical stability requirements, and performance
characteristics that align with clinical and therapeutic objectives. The QTPP will serve as the

foundation for all subsequent development activities and guide formulation optimization efforts.
4.3.3 Risk Assessment and Critical Quality Attribute Identification

To perform systematic risk assessment using appropriate QbD tools such as Ishikawa diagrams or
Failure Mode and Effects Analysis to identify potential risks to product quality, determine Critical
Quality Attributes that have direct impact on product safety, efficacy, and quality, and establish the
linkage between material attributes, process parameters, and critical quality attributes. This
objective ensures proactive identification and mitigation of risks throughout the development

process.
4.4 Expected Outcomes

Upon successful completion of this research work, the following outcomes are anticipated:

Eissn: _1303-5150 469 é www.neuroquan tology.com



NeuroQuantology | July 2026 | Volume 24 | Issue 7 | Page 462-480 | doi: 10.48047/nq.2026.24.7. NQ27034
Sheik Raheem / Qbd Based Formulation Development of Sustained Release Dosage form - Belzutifan 80mg

Development of a robust sustained-release tablet formulation of belzutifan 80 mg that provides
controlled drug release over 12-24 hours, meeting predetermined quality specifications and
demonstrating superior pharmacokinetic profiles compared to immediate-release formulations.
The formulation will be optimized for critical quality attributes including dissolution profile,

content uniformity, physical stability, and manufacturing feasibility.

Establishment of a comprehensive understanding of the relationship between formulation
variables, process parameters, and product quality attributes through systematic QbD-based
development approach. This knowledge will enable identification of a design space within which
formulation and process variations can be accommodated while assuring product quality,

facilitating scale-up and technology transfer activities.

Generation of scientifically sound data supporting the formulation composition, manufacturing
process, and control strategy for the sustained-release belzutifan tablet. This documentation will
provide a foundation for regulatory submissions and support the commercial development of the
product, ultimately contributing to improved therapeutic options for patients with von Hippel-

Lindau disease.

Development of validated analytical methods and quality control procedures suitable for routine
testing of the sustained-release formulation throughout its lifecycle. These methods will ensure
consistent product quality and enable ongoing monitoring and improvement of the manufacturing

process.
PLAN OF WORK
5.1 Overall Research Strategy

The research work will be conducted in a systematic and sequential manner following Quality by
Design principles, beginning with comprehensive preformulation studies and progressing through
formulation development, optimization, characterization, and stability evaluation. The entire study
will be completed over a period of approximately 12-18 months, with each phase building upon

the knowledge and data generated in previous stages.

5.2 Phase-wise Work Plan
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Phase I: Literature Review and Preformulation Studies (Month 1-3)

Conduct extensive literature review on sustained-release formulations, QbD applications, and
belzutifan characteristics. Perform preformulation studies including organoleptic evaluation,
solubility determination across pH 1.2 to 7.4, partition coefficient measurement, melting point
determination, spectroscopic characterization using UV-Visible and FTIR spectroscopy,
differential scanning calorimetry, X-ray powder diffraction, and drug-excipient compatibility

studies using thermal and spectroscopic methods.
Phase I1: QbD Framework Establishment (Month 3-4)

Define comprehensive Quality Target Product Profile specifying target dissolution profile, tablet
specifications, and performance characteristics. Conduct risk assessment using Ishikawa diagram
and Failure Mode Effects Analysis to identify potential failure modes. Identify Critical Quality
Attributes including assay, dissolution profile, content uniformity, tablet hardness, and friability.
Establish linkage between formulation variables, process parameters, and critical quality

attributes.
Phase III: Formulation Development and Screening (Month 4-7)

Select appropriate polymers including HPMC K100M, HPMC K15M, ethyl cellulose, and other
release-retarding agents. Screen various polymer combinations and concentrations through
preliminary formulation trials. Evaluate different manufacturing approaches including direct
compression and granulation techniques. Conduct preliminary dissolution studies to assess release

profiles and identify promising formulation compositions for further optimization.
RESULTS
6.2.3 Solubility Studies

Solubility studies were conducted in various media including water, pH 1.2 HCI buffer, pH 4.5
acetate buffer, pH 6.8 phosphate buffer, pH 7.4 phosphate buffer, methanol, ethanol, and
acetonitrile. Excess drug was added to 10 mL of each solvent in sealed containers and agitated on
a mechanical shaker for 24 hours at 25°C £ 1°C. Samples were filtered through 0.45 um membrane

filters and analyzed using UV-Visible spectrophotometry.
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Table 6.1: Solubility Profile of Belzutifan in Different Media

Medium Solubility (mg/mL) Solubility Classification
Water (pH 6.5) 0.042 +0.003 Practically insoluble
0.1IN HCI (pH 1.2) 0.156 + 0.008 Slightly soluble

Acetate buffer (pH 4.5)  0.088 + 0.005 Practically insoluble
Phosphate buffer (pH 6.8) 0.038 = 0.004 Practically insoluble
Phosphate buffer (pH 7.4) 0.035 + 0.002 Practically insoluble
Methanol 12.45+£0.45 Freely soluble

Ethanol 8.76 + 0.38 Soluble

Acetonitrile 15.32+£0.52 Freely soluble

Interpretation: Belzutifan demonstrated pH-dependent solubility with higher solubility in acidic
pH (1.2) compared to neutral and alkaline pH. The low aqueous solubility confirmed its
classification as a BCS Class II drug, necessitating strategies to enhance dissolution in the

formulation development.

Table 6.2: Calibration Curve Parameters for Belzutifan

Medium Wavelength (nm) Linearity Range (ng/mL) Regression Equation R? Value

pH 1.2 buffer 284 2-20 y =0.0542x + 0.0045 0.9998
pH 4.5 buffer 284 2-20 y = 0.0536x + 0.0038 0.9997
pH 6.8 buffer 284 2-20 y =0.0529x + 0.0041 0.9999

Interpretation: All calibration curves demonstrated excellent linearity with correlation
coefficients greater than 0.999, confirming the suitability of the analytical method for

quantification.
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6.3.1 Quality Target Product Profile (QTPP)

A comprehensive QTPP was defined to guide formulation development and establish target

specifications for the sustained-release belzutifan tablets.

Table 6.4: Quality Target Product Profile for Belzutifan SR Tablets

QTPP Element

Dosage form

Route

administration

Dosage strength

Release profile

Pharmacokinetics

Stability

Container closure

Tablet dimensions

Appearance

Identification

Assay

Eissn: _1303-5150

Target Justification

. Patient convenience, ease of
Tablet (sustained release)

administration

Non-invasive, patient
Oral

preference
80 mg Clinical dose requirement

Not less than 20% in 2 hrs, 40-60% in 6
Sustained release over 12 hours
hrs, NLT 80% in 12 hrs

Reduced Cmax fluctuations, extended o
Improved therapeutic index
Tmax

24 months at 25°C/60% RH ICH guidelines for Zone 11

Protection from moisture and
Alu-Alu blister or HDPE bottle ol
1ght

8-10 mm diameter Patient acceptability

. o ' Patient  acceptance,  brand
White to off-white, circular, biconvex

identity
Positive for belzutifan Regulatory requirement
95.0-105.0% of label claim Pharmacopoeial standards
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QTPP Element Target Justification
Content uniformity AV <15.0 Dose accuracy
Dissolution Meets specified release profile Therapeutic efficacy
Related substances  Total impurities NMT 2.0% Safety and quality

Table 6.5: Critical Quality Attributes and Their Target Values
CQA Target Specification Impact on Product Performance

Ensures dose accuracy and therapeutic

Assay 95.0-105.0%

efficacy
Content AV < 15.0, All individual contents

Ensures consistent dose between tablets
uniformity 85-115%

Dissolution at 2
N NLT 20% Prevents burst release
s

Dissolution at 6

N 40-60% Ensures sustained release pattern
rs
Dissolution at 12
N NLT 80% Ensures complete drug release

rs
Hardness 80-120 N Affects disintegration and dissolution
Friability NMT 1.0% Ensures mechanical strength
Related

Total impurities NMT 2.0% Safety profile

substances
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6.3.4 Critical Material Attributes (CMAs) and Critical Process Parameters (CPPs)

Table 6.6: Critical Material Attributes

Material Attribute Potential Impact Risk Level
Polymer type Drug release rate High
Polymer concentration Release kinetics, hardness High

Polymer viscosity grade  Matrix formation, release profile High
Drug particle size Dissolution rate Medium
Excipient moisture content Tablet properties, stability Medium

Table 6.7: Critical Process Parameters

Process Parameter Potential Impact Risk Level
Compression force Hardness, porosity, dissolution High
Blending time Content uniformity High
Granulation endpoint (if wet granulation) Particle size, flowability High
Drying temperature Residual moisture, stability =~ Medium
Lubrication time Dissolution, tablet ejection Medium

6.4 Formulation Development

Table 6.10: Dissolution Profile of Preliminary Formulations in pH 6.8 Phosphate Buffer
Time (hrs) F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
1 1842 1542 1241 2242 1842 14+1 2042 17+1 1942 16+1 14+1 1041

2 3242 2842 2442 3843 3242 2642 3542 3042 3442 2942 2642 20+2
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Time (hrs) F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12

4 5243 46+3 40+2 5843 51+3 4443 5543 49+3 5443 4843 44+2 3642
6 6843 61+3 5443 7443 67+3 5943 7143 64+3 70+3 6343 59+3 50+3
8 8143 74+3 6743 8643 80+3 7243 84+3 77+3 8343 76+3 72+3 6343
10 90+3 84+3 78+3 9442 89+3 82+3 9243 86+3 9143 8543 83+3 7443
12 96+2 9142 86+3 98+2 95+2 9042 9742 9342 9642 9242 91+2 8443
Interpretation:

e F1-F3 (HPMC K100M): Increasing polymer concentration from 60 to 100 mg provided

progressively sustained release

e F4-F6 (HPMC K15M): Similar trend but slightly faster release compared to K100M due

to lower viscosity
e F7-F10 (Combination of HPMC grades): Showed intermediate release patterns
e F11-F12 (HPMC + Ethyl cellulose): Addition of EC significantly retarded drug release

Based on preliminary screening, formulations F2, F3, F7, and F11 were selected for further

optimization as they demonstrated release profiles closest to the target QTPP specifications.

Table 6.15: ANOVA Results for Response Ys (Drug Release at 2 hours)

Source Sum of Squares df Mean Square F-value p-value Significance
Model 256.00 2 128.00 96.00 <0.0001 Significant
Xi-HPMC 192.00 1 192.00 144.00 <0.0001 Significant
X2-Compression force 64.00 1 64.00 48.00 0.0004 Significant
Residual 8.00 6 1.33 - - -
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Source Sum of Squares df Mean Square F-value p-value Significance
Cor Total 264.00 8 - - - -

R?=0.9697, Adjusted R? = 0.9596, Predicted R? =0.9293
Regression Equation for Qznr (Y3): Y3 =26.00 - 5.18X: - 2.99X>

Table 6.16: ANOVA Results for Response Y4 (Drug Release at 6 hours)

Source Sum of Squares df Mean Square F-value p-value Significance
Model 625.00 2 312.50 125.00 <0.0001 Significant
Xi-HPMC 450.00 1 450.00 180.00 <0.0001 Significant
X2-Compression force 175.00 1 175.00 70.00 0.0002 Significant
Residual 15.00 6 2.50 - - -

Cor Total 640.00 8 - - - -

R?=0.9766, Adjusted R* = 0.9688, Predicted R? = 0.9453

Regression Equation for Qenr (Ys): Y4 =158.00 - 7.93X, - 4.95X>

CONCLUSION

The present research successfully accomplished its primary objective of developing and

optimizing a sustained-release tablet formulation of belzutifan 80 mg using Quality by Design

principles. The systematic QbD approach encompassing QTPP definition, risk assessment,

experimental design, and design space establishment yielded a robust formulation with consistent

quality attributes and desired performance characteristics.

Comprehensive preformulation studies characterized belzutifan as a BCS Class II drug with pH-

dependent solubility and confirmed compatibility with all selected excipients, providing essential
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foundational knowledge for formulation design. The implementation of 3% factorial design
efficiently optimized critical formulation variables, identifying HPMC K100M concentration of
95 mg and compression force of 12 kN as optimal parameters yielding tablets with hardness of

96.8 N, friability of 0.33%, and target dissolution profile.

The optimized formulation demonstrated sustained drug release over 12 hours with 23.9% release
at 2 hours, 53.8% at 6 hours, and 88.2% at 12 hours, meeting all predetermined QTPP
specifications. Mathematical modeling revealed anomalous non-Fickian transport as the
predominant release mechanism, involving both diffusion and polymer relaxation. The formulation
exhibited minimal pH-dependent release variation and maintained stability under ICH-specified

accelerated and long-term storage conditions for six months.
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