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Historical background

• Aeronautics & Automative Industries : Total Quality Management, Design for Six-Sigma • FDA officials realized that biologics and drugs could also stand to benefit from QbD.

• Concept paper on 21st Century Good Manufacturing Practices.

• FDA produced a guidance document : « Pharmaceutical cGMPs for the 21st Century » • ICH published the Guideline document: Q8 (R2): Pharmaceutical Development. key and critical process parameters contributing to identification of a design space, which helps to provide an "assurance of quality." Proper execution of DoE within a design space is safe under QbD in bioprocess industries because work within a design space is not considered a change [START_REF] Bastista | Coupled impedance & field potential data analysis of in vitro cardiomyocyte assays[END_REF]. However, some pitfalls can lead to a poorly defined design space. They can come from unexpected results, failure to take account of variability (due to assay, operator, or raw material) within a process, and the choice of parameters and their ranges considered in an experimental study, as well as errors in statistical analysis (e.g., model selection, residual analysis, transformation of response). We present here some good industrial practices based on our experience, on literature for the application of a DoE approach in bioprocess industries, and on nonbiotechnological industrial approaches (e.g., the oil and chemical industries, in which DoE and similar statistical techniques have been applied for many years).

Setting "SMART" Objectives: It is Nanoparticles were prepared using modified ionic gelation method, [21,22] where CS was dissolved in 1% acetic acid solution to a various concentration and TPP was dissolved in distilled water with various concentrations, based on the results of preliminary study. RZT was uniformly dispersed in TPP solution and this solution was added drop-wise to CS solution under continuous stirring at room temperature. RZT CS nanoparticles formed based on the principle of electrostatic attraction between positively charged primary amino groups on CS chains and charged polyanions (TPP). RZT CS nanoparticles were centrifuged at 6000 rpm for 30 min (Remi R-88). The supernatant liquid was separated and nanoparticles were redispersed in PBS at pH 6.8 and ultrasonicated for 5 min to disaggregate the CS nanoparticles. Three nanoparticles optimized batches, The QTPP is described as the quality properties that a drug product need to possess so as to fulfill the objectives set in target product profile as quantitative attributes. QTPP should furnish a quantitative surrogate to describe the aspects of clinical safety and efficacy by determining the CQA, CPP and control strategy (ICH, 2009).

In case of RHT SLN, QTPP is a lower size and PDI with lipidic core is expected to facilitate transport of drug across the nasal mucosal barriers both into the cerebral tissues and systemic circulation. Lower PDI is to reduce aggregation of particle during long term stability. Higher entrapment efficiency is to achieve higher drug loading in lipid matrix (Vora et al., 2013). The crucial step in risk assessment is to gather the entire responsible factor systematically that could influence the desired product quality. These factors were categorized hierarchically using an Ishikawa diagram (Fig. 1). The parameters summarized in Ishikawa diagram assisted in the identification of failure modes of SLN formulation. have either positive sign, indicating synergistic effect or negative sign, indicating antagonistic effect. Best fitting experimental model (linear, two factor interaction, quadratic and cubic model) was taken statistically on the basis of comparison of several statistical parameters like coefficient of variation (CV), multiple correlation coefficient (R 2 ), adjusted multiple correlation coefficient (adjusted R 2 ), predicted residual sum of square and graphically by 3D response surface plot provided by Design Expert software. The level of significance was considered at p-value < 0.05. The regression analysis, linear regression plots (observed versus predicted value) and Pareto chart of the dependent variables were plotted using MS-Excel. Design of Experiments

Data optimization and model validation

• Many inconsistencies between DoE methods and objectives

• A good software is necessary but not enough ! Expertise is needed

• Confidence of the results requires to apply strictly validation procedures.

• Only 5/30 papers have really implemented a cross-validation step And after ?

• The Design Space is not the ultimate goal. The last part of the QbD lifecyle is totally forgotten.

• No control strategy 

Conclusion

• The Quality-by-Design approach is more and more adopted in the nano-community mainly in India and USA. • Nevertheless, some important parts, e.g. control strategy & quality management, are still ignored. • Statistical tools exist but they are not always used correctly à educational effort is needed. • QbD success relies on the synergistic relationships between chemists, physicists, biologists, statisticians and engineers. 

Figure 1 :

 1 Figure 1: Typical bioprocess with a complicated nest of parameters influencing the final drug product

Figure 2 :Figure 3 :

 23 Figure 2: Failure mode and effect analysis (FMEA) output

Figure 3

 3 Figure[START_REF] Bastista | A data-driven modeling method to analyze cardiomyocyte impedance data[END_REF] Pareto charts of the main effects of variables on the investigated responses. Notes: X1-X8 are Eudragit S100, HP--CD and drug loadings (mg), volumes of organic and aqueous phases (mL), ultrasonication time (s) and amplitude (%), and level of
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Table 1 : QTPP for RZT CS nanoparticles Profile component Target Justification

 1 

	Dosage form	Nanoparticles	Novel dosage form for
			targeted drug delivery
	Dosage design	Sustained release	For long-term
		nanoparticles	treatment of RZT
	Particle size (nm)	350-650	Narrow distribution
	Entrapment	>50	Higher entrapment
	efficiency (%)		is better for the
			nanoparticulate
	Dovepress		dosage form
	Drug release (h)	>48	To achieve sustained
			drug release for long
			period of time

RZT: Rizatriptan, QTPP: Quality target product profile, CS: Chitosan A.E. Shirsat & S.S. Chitlange, 2015

Table 2

 2 QTPP and CQA of target drug product, gel with polymeric nanoemulsified particles, for injection

QTPP of a gel with polymeric nanoemulsified particles QTPP elements Target Justification

  

	3) CMA Specification 4) CPP Specification 5) Prior Risk Analysis	80											100%	100%	100%
	Dosage form Route of administration Dosage strength Dosage form design 5 main Critical Quality Attributes (70%) Hydrogel Pharmaceutical equivalence requirement: same dosage form Injection Pharmaceutical equivalence requirement: same route of administration % of drug substance (% w/w) Pharmaceutical equivalence requirement: same dosage strength Polymeric nanoemulsified carriers incorporated into hydrogel Match reference-listed drug product Frequency 20 40 60 1. NP Size 2. Encapsulation Efficiency 3. Polydispersity Index 4. Zeta Potential 6. Surfactant Type 5. Amount of Release Frequency 10 20 30 6 Criticial Material Attributes > 90% 1. Ingredient Concentration 2. Ingredients Ratio 3. Drug Load 5. Ingredient Type 5 4. Surfactant Concentration Frequency 10 15 • No really dominant CPP • Frequency: 5/30 (16.7%) • Process dependant • Since 2015											25% 50% 75%	Cumulative Percentage	25% 50% 75%	25% 50% 75% Cumulative Percentage	Cumulative Percentage
	Pharmacokinetics	Bioequivalent to reference-listed drug	Match reference-listed drug product											
	Stability Drug product quality attributes Container closure system Alternative methods of administration	Shelf life not 24 months at room temperature Physical attributes, identification, assay, uniformity of content, degradation products, residual solvents, dissolution, microbiological quality, pH, and rheological behavior Suitable container closure system that will support estimated shelf life and drug product integrity during the transport, Identical primary packaging as reference-listed drug product No	Equivalent or longer shelf life compared to reference-listed drug product Pharmaceutical equivalence requirement: fulfill the same quality standards as reference-listed drug product Vials or prefilled syringes, similar with reference-listed drug product, acceptable for the patient None are listed on reference drug product labeling Size Encapsulation Effic Polydispersity Index Zeta Potential Amount of Release 0 Ingredient Conc. 2-Ingredients Ratio 0 Bead Size Milling Rot. Speed Processing Temp. Sonication Time 0	Dissolution Rate Stirring Rate	Stability	Process Yield Drug Load Aspiration Rate	Emulsification Rate Barrel Temperature	Form Surfactant Conc.	PK efficiency Flow	Turbidity Ingredient Type Lag time Homogenization Pres.	Cytotoxicity Injection Rate	pH Surfactant Type	Moisture Pump Speed	Crystallinity T. Bastogne, 2017. Enthalpy Permeation Milling Time Aggregation 0% pH of Aq. Phase Size Load. Particles Screw Speed 0% 0%
	T Bastogne, JRC-Ispra 27-28 Sep 2017 T Bastogne, JRC-Ispra 27-28 Sep 2017													16

CQAs of gel with polymeric nanoemulsified particles

Drug product quality attributes Target Is it a CQA? Justification Physical attributes A.S. Zidan, 2016 T Bastogne, JRC-Ispra 27-28 Sep 2017 2) CQA Specification T Bastogne, JRC-Ispra 27-28 Sep 2017 2.5. Quality target product profile (QTPP) and risk analysis of RHT SLN

Table 1

 1 Solubility study (n = 3).

	56	B. Shah, D. Khunt, H. Bhatt et al. / European Journal of Pharmaceutical Sciences 78 (2015) 54-66
	Lipids	Melting point (°C)	Drug: lipid ratio	
			(D: L)	
			1:2	1:3
	Apifil	62-65	+	++
	Compritol	65-77	++	+++
	GMS	55-60	++	+++
	PA	52-55	++	+++
	Stearic acid	69-70	+	++
	+ Not clear, ++ Turbid, +++ Clear.		
				Fig. 1. Ishikawa diagram illustrating CPP affecting on CQA of RHT SLN.
				B. Shah et al.,2015

2.2.4. Pseudoternary phase diagram (Singh et al., 2011). As per the design all the prepared formulations

Table 1

 1 Initial risk assessment for ACE-NLCs.

	High risk parameter,	Medium risk parameter,	Low risk parameter.

T Bastogne, JRC-Ispra 27-28 Sep 2017 T Bastogne, JRC-Ispra 27-28 Sep 2017

Table 6 : Validation of design space of RZT CS nanoparticles

 6 

	Formulation	Composition (% w/v)	Response	Predicted	Experimental
	code	X 1 CS	X 2 TPP		value	value
	21	2.74	3.68	Y 1 -Particle size	565.58	570.24
				Y 2 -Entrapment efficiency	62.08	63.14
	22	3.30	2.83	Y 1 -Particle size	422.42	437.21
				Y 2 -Entrapment efficiency	64.28	63.78
	23	2.96	3.17	Y 1 -Particle size	479.16	491.24
				Y 2 -Entrapment efficiency	64.21	65.8
	RZT: Rizatriptan, CS: Chitosan, TPP: Tripolyphosphate, SE: Standard error			

Table 7 : Accelerated stability results for RZT CS nanoparticles

 7 Bold values reflect significant factors that affect the corresponding response. a X1-X8 are Eudragit S100, HP--CD, and drug loadings (mg), volumes of organic and aqueous phases (mL), ultrasonication time (s) and amplitude (%), and level of MgCl 2 as a stabilizer (%), respectively.

	Batch	Entrapment efficiency* (% w/w)	Particle size (nm)	Zeta potential (mV)	
	number	Initial	3 months	Initial	3 months	Initial	3 months	Initial
	21	99.57±2.4	96.54±1.59	570.24	584.14	+33.56	+32.68	0.247
	22	101.52±2.3	98.14±2.45	437.21	448.75	+35.6	+34.81	0.256

Notes: Abbreviations: ANOVA, analysis of variance; PDI, polydispersity index; DF, degree of freedom; SS, sum of squares; MS, mean of squares; F-ratio, model mean square divided by error mean square; Prob F value, probability of obtaining an F-ratio as large as what is observed; R 2 , coefficient of multiple determination for predicted versus measured values.

a new Cardio/Neuro-Toxicity Testing Model for Nano-Products •

  1. CiPA: Comprehensive in vitro Proarrythmia Assay 2. J. D. Strickland, W. R. Lefew, J. Crooks, D. Hall, J. N. Ortenzio, K. Dreher, and T. J. Shafer, "In vitro screening of metal oxide nanoparticles for effects on neural function using cortical networks on microelectrode arrays," Nanotoxicology, vol. 10, no. 5, pp. 619-628, 2016. CiPA 1 : FDA, HESI, CSRC, SPS, EMA, Health Canada, Japan NIHS, PMDA • Objective: revise the current guidelines for evaluating a pharmaceutical drugs tendency to induce cardiac arrythmias (ICH S7B).
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T Bastogne, JRC-Ispra 27-28 Sep 2017

T Bastogne, JRC-Ispra 27-28 Sep 2017