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leukemia (AML). Even though Gilteritinib is very important for patients it has a problem that many
modern kinase inhibitors have. Gilteritinib does not dissolve well in water and this changes depending on
the pH. This makes it hard for the drug to dissolve and can contribute to variable oral absorption.
Nanosuspension technology helps by breaking drug particles down to a small size, much smaller than a
micron. These tiny particles are kept stable in a water-based liquid. This is a way to make Gilteritinib
dissolve faster and more effectively without needing a lot of extra ingredients like lipids or large amounts
of surfactants. High-speed homogenization is a "top-down" way to shrink particle size using mechanical
force. This method is cheap, economical and does not use organic solvents. When combined with Quality
by Design (QbD) framework the work becomes more organized. This framework includes checking risks
finding material traits (CMAs) and important process steps (CPPs) using Design of Experiments (DoE)
and setting a design space around critical quality attributes (CQAs). This makes the whole process easy
to repeat and meets rules. This review looks at why to use these methods, how to use the QbD approach
and how to test a Gilteritinib nanosuspension made through high-speed homogenization. Comparative
literature on analogous small-molecule kinase inhibitors like gefitinib and ibrutinib were evaluated to
inform formulation design, alongside an analysis of critical process parameters, testing protocols, and
prospective formulation hurdles specific to gilteritinib.
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Introduction

Gilteritinib is a selective tyrosine kinase inhibitor used to treat FLT3-mutated acute myeloid leukemia. However how well it works is
limited because Gilteritinib does not dissolve well in water. Because it does not dissolve easily, it generally cannot be absorbed well by
the digestive tract. Instead of entering the bloodstream to work, the solid drug particles pass through the body and exit through waste,
leading to very low or no therapeutic effect. These physicochemical limitations necessitate the exploration of approaches designed to
enhance drug solubility. Nanosuspension technology is a revolutionary formulation solution designed to overcome the poor water
solubility and low bioavailability of hydrophobic drugs. By reducing pure drug particles down to the sub-micron nanometer range
(typically between 10 and 1,000 nm), this method drastically increases particle surface area, which helps the drug dissolve faster. To make
sure the development goes smoothly Quality by Design framework can be used. This helps to find and control the materials and steps that
decide if the final drug is good or not. In this case high-speed homogenization is a method used to shrink the particles so they can be used
on a large scale. The QbD approach helps to clearly define the quality of the drug and the steps needed to get there. By using math and
statistics like Box-Behnken or central composite methods researchers can test how to use stabilizer and how many times to run the
homogenization to keep the liquid stable. These methods help find the time for homogenization and the right force to use.

This keeps the drug crystals safe while stopping the particles from sticking. Also putting these details into a design space helps to
understand how different parts of the formula work together to make sure the drug always works the way. With these steps there is still a
gap in what is known till now. It is necessary to understand how high-speed homogenization affects Gilteritinib stablility over a time
especially to stop particles from growing larger during storage . To fix this it important to study more about how stabilizers and other
ingredients work.

Nanosuspension Technology: Rationale

A nanosuspension is a mixture of drug particles. These particles are usually between 100 and 1000 nm in size. They sit in a water-based
liquid and are kept from clumping by a polymer or a surfactant. Compared to ways to help drugs dissolve such as solid dispersions or
liposomes nanosuspensions have many benefits for a powerful drug like Gilteritinib:

®  You can put a lot of drug in the mixer without needing many extra ingredients because the particles are mostly just the drug itself.

o It works whether the drug dissolves in water or oil. This is different from lipid systems that need the drug to dissolve in oil.

e It increases how much drug can dissolve and how fast it dissolves. This happens because the surface area is bigger and the tiny
size helps the solubility.

e The final form can be things. A nanosuspension can be given as a liquid. It can be turned into tablets, capsules or powders. There
are two ways to make these. "Bottom-up" method use precipitation while "top-down" method use things like media milling or
high-speed homogenization. High-speed homogenization is very good for early lab work because it is cheap and does not use
solvents and works well with a QbD approach.

Quality by Design Framework

QbD is a science-based way to make drugs consistent, reliable, and safe. When making a Gilteritinib nanosuspension the QbD steps
usually look like this:

Quality Target Product Profile (OQTPP)

The QTPP is the goal for the product. For Gilteritinib the goal is a Gilteritinib fumarate nanosuspension that dissolves well, has the right
particle size, stays stable and can be made in large amounts.

Critical Quality Attributes (CQAs)
Based on the goal the CQAs for a Gilteritinib nanosuspension will likely include:

e Particle size / Z-average diameter

e Polydispersity index (PDI)

e  Zeta potential (this shows if the liquid is stable)
e  Saturation solubility and how fast it dissolves

e How much drug is in the mix

e Ifitis even throughout

e How stable the drug stays over time
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Risk Assessment

Critical Material Attributes (CMAs) and Critical Process Parameters (CPPs). We often use a fishbone diagram to find which things might
change the quality of the Gilteritinib nanosuspension. For high-speed homogenization these are the things to watch:

Critical Material Attributes (CMAs)
e  The size of the Gilteritinib particles before we start
e The type and amount of stabilizer (such as polyvinylpyrrolidone/PVP K-30, poloxamer 188 hydroxypropyl
methylcellulose/HPMC, polyvinyl alcohol, sodium lauryl sulfate or mixes)
e  The ratio of drug to stabilizer
e  The type and amount of surfactant used to keep particles apart.

Critical Process Parameters (CPPs)
e How fast the homogenization machine spins (rpm)
e How long the homogenization takes
e How many times to do it
e  The shape of the machine parts
e  The size of the batch
e  The temperature during homogenization
e  The order in which we add ingredients and how long we mix them first

Design of Experiments (DoE)

After picking the CMAs and CPPs use a screening design (e.g. Plackett -Burman) followed by optimization design like a 32 or 33 factorial
design, Box—Behnken or central composite design with software like Design-Expert® to map out how the factors affect the results. Look
at how homogenization speed, homogenization time and drug: stabilizer ratio change the response. CQAs like particle size, PDI and zeta
potential. A strategy similar to the one used for Gilteritinib nanosuspension was adopted. For the gefitinib formulations, a factorial design
was executed to monitoring homogeneous pressure, drug-to-stabilizer ratio, and cycle numbers. For the efavirenz nanosuspensions, the
study design concentrated on high-speed homogenization variables. Upon concluding these initial assessments, response surface
methodology and desirability function optimization were utilized to determine the definitive formulation and map the design space.

Control Strategy

Once an optimized batch is identified within the design space, a control strategy (in-process controls, specifications, and a validated
analytical method) is established to ensure the CQAs are consistently met on scale-up — the final step of the QbD cycle.

High-Speed Homogenization: Process Principle

High-speed (rotor—stator) homogenization works by pushing a drug suspension through a gap between a fast rotor and a still stator. This
usually happens at speeds between 8,000 and 24,000 rpm. The strong shear, cavitation and turbulence break the drug particles down
shrinking them from micrometers to sub-micron size. A normal lab protocol, like the ones I use for nanosuspension studies includes:

1. Mixing the drug powder into a stabilizer solution to make a pre-suspension usually by using magnetic stirring.

2. Running the pre-suspension through high-speed homogenization for a time or number of cycles. The temperature is controlled
with external cooling because the shear creates a lot of heat.

3. Sometimes use probe sonication to make the particle size distribution even tighter.

4. Measuring the properties of the resulting nanosuspension. If need turn it into a powder by lyophilization or spray drying so it can
be stored for a long time.

Compared to high-pressure homogenization or wet media milling, high-speed homogenization uses equipment and is faster. However
high-speed homogenization usually makes the particle sizes more spread out. This is why the QbD/DoE approach is so helpful. It helps to
set a process window and systematically reduce the Polydispersity Index (PDI) in a nanosuspension rather than guessing.

Evaluation Parameters for the Nanosuspension

A comprehensive evaluation package, consistent with what has been reported for other kinase-inhibitor nanosuspensions, would include:

Parameter Typical Method Purpose
Particle size/ Z-average Dynamic light scattering (DLS) Conforming nano-sized range and
uniformity
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PDI
Zeta potential Electrophoretic light scattering Predicts physical (colloidal)
stability
Drug content HPLC/UV method Confirms recovery and
uniformity
Saturation solubility Equilibrium shake-flask method Quantifies  apparent  solubility
enhancement
In vitro dissolution USP apparatus, biorelevant/stimulated | Demonstrates improved dissolution
GI media rate vs. Plain drug
Crystallinity Powder X-ray diffraction (PXRD) Detects amorphization or
polymorphic change
Thermal behaviour Differential scanning calorimeter(DSC) | Assesses melting point
depression/amorphouscontent
Morphology Scanning electron microscopy Confirms particle shape and surface
characteristics
Physical stability Storage studies (short-term, | Monitors size/PDI/Zeta drift and
accelerated ICH conditions) sedimentation
Redispersibility Visual/instrumental after Confirms ease of
settling resuspension
In vivo pharmacokinetics | Animal PK study Confirms translation of in vitro
(Optional) gains to Cmax/AUC improvement

Other studies on gefitinib nanosuspensions made with high-pressure homogenization and QbD show that particle sizes stay in the
hundreds of nanometres. These gefitinib nanosuspensions also show better dissolution than the plain drug. Similarly ibrutinib
nanosuspensions made by wet media milling show improvements in how the body processes ibrutinib compared to the original drug.
These past examples make it look like this method should work for gilteritinib. However work is needed to be done for gilteritinib
especially when picking a stabilizer because gilteritinib is basic and lipophilic. The solubility,dissolution profile and bioavailability of
Gilteritinib cannot be assumed a priori; rigorous empirical evaluation is required to substantiate these biopharmaceutical parameters.

Anticipated Challenges Specific to Gilteritinib

e High potency and dosing considerations: People take gilteritinib once every day at specific milligram strengths. Any new way to
make gilteritinib must keep the dose accurate and the mixture when turning the nanosuspension into a solid pill.

e Elimination half-life: Since gilteritinib already stays in the body for a long time the main goal is to stop the absorption from
changing too much due to how fast gilteritinib dissolves or what a person eats. No alterations to the overall systemic disposition
of gilteritinib were targeted.

e  Weakly basic character: Owing to the pH-dependent solubility of gilteritinib, the selection of vehicle and stabilizer pH critically
governs both the formulation methodology and the subsequent temporal physicochemical stability of the preparation.

e  Stability of the nanosuspension: The tiny particles in a nanosuspension have surface energy and like to clump together or grow
larger. It is important to find the stabilizer and drying method like lyophilization or spray drying to keep the gilteritinib particles
small while they sit on a shelf.

e  Scale-up: Moving a lab process for high-speed homogenization to a large factory scale is not easy. To keep the quality the same
there is need for a scale-up model. Re-testing of everything at a larger scale is to be done.

Conclusion

Gilteritinib is very helpful for FLT3-mutated AML. Like many new kinase inhibitors gilteritinib has trouble dissolving because of its BCS
Class II nature. Using nanosuspension technology made with high-speed homogenization and a Quality by Design framework is a way to
help gilteritinib dissolve better. This way avoids using many extra ingredients like lipids or cyclodextrins. Using the QbD method—which
includes setting a QTPP finding CQAs picking CMAs/CPPs based on risk using DoE for optimization and setting a control strategy—
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gives the strictness and regulatory support needed for medicine. The success of QbD-optimized nanosuspensions for drugs like gefitinib
and ibrutinib shows that this should work for gilteritinib. To make it real hard work is to be done. This means testing stabilizers, for
gilteritinib using DoE to fix the process checking the properties and stability of gilteritinib and finally proving that gilteritinib actually
works better in living subjects.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Alhamhoom, Y., Honmane, S. M., Hani, U., Osmani, R. a. M., Kandasamy, G., Vasudevan, R., Paramshetti, S., Dudhal, R. R,
Kengar, N. K., & Charde, M. S. (2023). Study of formulation and process variables for optimization of Piroxicam nanosuspension
using 32 factorial design to improve solubility and in vitro bioavailability. Polymers, 15(3), 483.
https://doi.org/10.3390/polym15030483

Al-Kassas, R., Bansal, M., & Shaw, J. (2017). Nanosizing techniques for improving bioavailability of drugs. Journal of Controlled
Release, 260, 202-212. https://doi.org/10.1016/j.jconrel.2017.06.003

Attwa, M. W., AlRabiah, H., Alsibace, A. M., Abdelhameed, A. S., & Kadi, A. A. (2023). An UPLC-ESI-MS/MS Bioanalytical
Methodology for the quantification of gilteritinib in human liver microsomes: application to in vitro and in silico metabolic
stability estimation. Separations, 10(5), 278. https://doi.org/10.3390/separations10050278

Chary, S. S., Bhikshapathi, D. V. R. N., Rajesham, V. V., Penakalapati, S. R., Sandhya, P., & Sadasivam, R. K. (2025).
Formulation And Evaluation of Nano Formulation of BTK Inhibitor by Box-Behnken Design and High-Pressure Homogenization
for Enhanced Bioavailability and Reducing the Effects of Food. International Journal of Applied Pharmaceutics, 521-528.
https://doi.org/10.22159/ijap.2025v1714.54079

Deulkar, V., & Raghuveer, P. (2025). Preparation Of Ibrutinib-Loaded Nanosuspension: In Vitro and In Vivo Pharmacokinetic
Evaluation for Enhanced Dissolution and Bioavailability. Asian Journal of Pharmaceutical and Clinical Research, 169—-174.
https://doi.org/10.22159/ajpcr.2025v18i5.54154

Diller, E., & Mann, J. E. (2019). Gilteritinib (Xospata®). Oncology Times, 41(4), 14.
https://doi.org/10.1097/01.c0t.0000553980.60791.5¢

Disha, D., Singh, A., Halder, R., Palatty, R., Agrawal, N., Panda, T., Tikare, N., Ahmed, R., & Bhurani, D. (2024). Gilteritinib for
FLT3 Mutated r/r AML: Is the Reality Admirable? Blood, 144(Supplement 1), 5979. https://doi.org/10.1182/blood-2024-208207
Gotos, A., Goéra-Tybor, J., & Robak, T. (2024). Safety considerations for drugs newly approved for treating acute myeloid
leukemia. Expert Opinion on Drug Safety, 23(11), 1393—1404. https://doi.org/10.1080/14740338.2024.2412236

Gorcea, C. M., Burthem, J., & Tholouli, E. (2018). ASP2215 in the Treatment of Relapsed/Refractory Acute Myeloid Leukemia
with FLT3 Mutation: Background and Design of the ADMIRAL Trial. Future Oncology, 14(20), 1995-2004.
https://doi.org/10.2217/fon-2017-0582

Jacob, S., Nair, A. B., & Shah, J. (2020). Emerging role of nanosuspensions in drug delivery systems. Biomaterials Research,
24(1), 3. https://doi.org/10.1186/s40824-020-0184-8

James, E. Al., Attwa, E. Al., Jacob, E. Al, Srinivas, E. Al., Kodipyaka, & G., Peltonen, Chary, E. Al., Powar, E. Al., Patel, & P.,
NS, Priani, E. Al, & Karakiigiik. (2025). Development and evaluation of Gilteritinib nanosuspension by High-speed
Homogenization : A Quality by Design (QBD) approach [Book].

Karakiigiik, A. (2020). Solubility enhancement of poorly soluble drugs: A design of experiment approach to develop
nanosuspensions - Alptug Karakucuk. Journal of Drug Delivery and Therapeutics, 7(3).
https://www.imedpub.com/articles/solubility-enhancement-of-poorly-soluble-drugs-a-design-of-experiment-approach-to-develop-
nanosuspensions--alptug-karakucuk.pdf

Nawale, R. B., Deokate, U. A., Shahi, S. R., & Lokhande, P. M. (2017). Formulation and Characterization of Efavirenz
Nanosuspension by QbD approach. Research Journal of Pharmacy and Technology, 10(9), 2960. https://doi.org/10.5958/0974-
360x.2017.00525.x

Ns, K. S.,, R, V., G, P. K., & L, K. (2016). A quality by design approach on polymeric nanocarrier delivery of gefitinib:
formulation, in vitro, and in vivo characterization. DOAJ (DOAJ: Directory of Open Access Journals).
https://doaj.org/article/f33cc91ad291476b93acOb71fab0d616

Patel, R., & Parmar, K. (2023). Development and optimization of enzalutamide nanosuspension by design of experiments for
dissolution enhancement. International Journal of Pharmaceutical Sciences and Drug Research, 713-721.
https://doi.org/10.25004/ijpsdr.2023.150604

Peltonen, L. (2018). Design space and QBD approach for production of drug nanocrystals by wet media milling techniques.
Pharmaceutics, 10(3), 104. https://doi.org/10.3390/pharmaceutics10030104

Perl, A. E., Martinelli, G., Cortes, J. E., Neubauer, A., Berman, E., Paolini, S., Montesinos, P., Baer, M. R., Larson, R. A., Ustun,
C., Fabbiano, F., Erba, H. P., Di Stasi, A., Stuart, R., Olin, R., Kasner, M., Ciceri, F., Chou, W., Podoltsev, N., . . . Levis, M. J.

262


https://doi.org/10.3390/polym15030483
https://doi.org/10.1016/j.jconrel.2017.06.003
https://doi.org/10.3390/separations10050278
https://doi.org/10.22159/ijap.2025v17i4.54079
https://doi.org/10.22159/ajpcr.2025v18i5.54154
https://doi.org/10.1097/01.cot.0000553980.60791.5c
https://doi.org/10.1182/blood-2024-208207
https://doi.org/10.1080/14740338.2024.2412236
https://doi.org/10.2217/fon-2017-0582
https://doi.org/10.1186/s40824-020-0184-8
https://www.imedpub.com/articles/solubility-enhancement-of-poorly-soluble-drugs-a-design-of-experiment-approach-to-develop-nanosuspensions--alptug-karakucuk.pdf
https://www.imedpub.com/articles/solubility-enhancement-of-poorly-soluble-drugs-a-design-of-experiment-approach-to-develop-nanosuspensions--alptug-karakucuk.pdf
https://doi.org/10.5958/0974-360x.2017.00525.x
https://doi.org/10.5958/0974-360x.2017.00525.x
https://doaj.org/article/f33cc91ad291476b93ac0b71fab0d6f6
https://doi.org/10.25004/ijpsdr.2023.150604
https://doi.org/10.3390/pharmaceutics10030104

18.

19.

20.

21.

22.

23.

24.

25.

International Journal on Advanced Computer Engineering and Communication Technology, 15(2), 2026

(2019). Gilteritinib or chemotherapy for relapsed or refractory FLT3 -Mutated AML. New England Journal of Medicine, 381(18),
1728-1740. https://doi.org/10.1056/nejmoal 902688

Priani, S. E., Fakih, T. M., Wilar, G., Chaerunisaa, A. Y., & Sopyan, I. (2025). Quality by design and in silico approach in
SNEDDS Development: A Comprehensive Formulation framework. Pharmaceutics, 17(6), 701.
https://doi.org/10.3390/pharmaceutics17060701

Pulte, E. D., Norsworthy, K. J., Wang, Y., Xu, Q., Qosa, H., Gudi, R., Przepiorka, D., Fu, W., Okusanya, O. O., Goldberg, K. B.,
De Claro, R. A., Farrell, A. T., & Pazdur, R. (2023). Data from FDA Approval Summary: Gilteritinib for Relapsed or Refractory
Acute Myeloid Leukemia with a FLT3 Mutation. American Association for Cancer Research. https://doi.org/10.1158/1078-
0432.¢.6530388

Sayyad, P., Jha, S., Sharma, R., Yadav, V., & Jain, S. (2025). Unveiling the potential of nanosuspension formulation strategy for
improved oral bioavailability of Gefitinib. AAPS PharmSciTech, 26(2), 59. https://doi.org/10.1208/s12249-025-03040-8
Sochacka-Cwikta, A., Maczynski, M., & Regiec, A. (2021). FDA-Approved Drugs for Hematological Malignancies—The Last
Decade Review. Cancers, 14(1), 87. https://doi.org/10.3390/cancers14010087

Srinivas, N. S. K., Verma, R., Kulyadi, G. P., & Kumar, L. (2016). A quality by design approach on polymeric nanocarrier
delivery of gefitinib: formulation, in vitro, and in vivo characterization. International Journal of Nanomedicine, Volume 12, 15—
28. https://doi.org/10.2147/ijn.s122729

Stocker, E., Becker, K., Hate, S., Hohl, R., Schiemenz, W., Sacher, S., Zimmer, A., & Salar-Behzadi, S. (2016). Application of
ICH Q9 Quality Risk Management Tools for advanced development of Hot melt coated multiparticulate systems. Journal of
Pharmaceutical Sciences, 106(1), 278-290. https://doi.org/10.1016/j.xphs.2016.09.025

Tzogani, K., Reshol, H., Olsen, H. H., Aas, 1. B., Dalhus, M. L., Hékonsen, G. D., Nilssen, L. S., Lindberg, V., Qkvist, M.,
Bolstad, B., Rogovska, 1., Karpova, N., Enzmann, H., Gisselbrecht, C., & Pignatti, F. (2020). The European Medicines Agency
Review of Gilteritinib (Xospata) for the Treatment of Adult Patients with Relapsed or Refractory Acute Myeloid Leukemia with
anFLT3Mutation. The Oncologist, 25(7), e1070—e1076. https://doi.org/10.1634/theoncologist.2019-0976

Yang, S., Hu, X., Zhu, J., Zheng, B., Bi, W., Wang, X., Wu, J., Mi, Z., & Wu, Y. (2025). Aspects and Implementation of
Pharmaceutical Quality by Design from Conceptual Frameworks to Industrial Applications. Pharmaceutics, 17(5), 623.
https://doi.org/10.3390/pharmaceutics17050623

263


https://doi.org/10.1056/nejmoa1902688
https://doi.org/10.3390/pharmaceutics17060701
https://doi.org/10.1158/1078-0432.c.6530388
https://doi.org/10.1158/1078-0432.c.6530388
https://doi.org/10.1208/s12249-025-03040-8
https://doi.org/10.3390/cancers14010087
https://doi.org/10.2147/ijn.s122729
https://doi.org/10.1016/j.xphs.2016.09.025
https://doi.org/10.1634/theoncologist.2019-0976
https://doi.org/10.3390/pharmaceutics17050623

