4 April 2023
LNP Optimization Study
Study Purpose
Determine if changes to the current benchmark formulation can lead to increased potency and decreased particle size. The emphasis is on improving potency, and decreasing size is a secondary objective. The current benchmark formulation uses the H101 ionizable lipid type and a  33:33:33:1 molar ratio of Ionizable (H101):Cholesterol:Helper (DOPE):PEG with an N:P ratio of 10 and a flow rate of 1. 
Study Responses
· Potency
· Size
Study Factors
· Ionizable molar ratio will vary from 10%-60%. Precision: round to nearest 2 decimal places of percentage.
· Cholesterol molar ratio will vary from 10%-60%. Precision: round to nearest 2 decimal places of percentage.
· Helper (DOPE) molar ratio will vary from 10%-60%. Precision: round to nearest 2 decimal places of percentage.
· PEG molar ratio will vary from 1%-5%. Precision: round to nearest 2 decimal places of percentage.
· The Ionizable lipid type will vary between H101, H102, and H103.
· The N:P ratio will range from 6-14. Precision: round to nearest 2.0
· The flow rate will range from 1-3. Precision: round to nearest 0.5.
Other Notes
Up to 23 runs can be performed in a single day. There are no distinct “batches” of raw material that might require blocking factors to be added to the study. 
Minimum Study Size Heuristic

Maximum Study Size Heuristic
34 runs. Calculated as follows in JMP:
1. Select DOE > Custom Design.
2. Enter the study factors.
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3. Add the two-way interactions and quadratic effects (for continuous factors) to the model. In the Model area, select Interactions > 2nd. Click OK when the alert window pops up about main effects for non-mixture factors. Select Powers > 2nd. Click OK when the alert window pops up about quadratic factors for mixture terms. This adds these effects to the target model for the design.
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4. Record the “minimum” value reported in the Design Generation area, and add 1 to it in order to calculate our “Maximum heuristic.”  In this case, we obtain 33+1=34 for the maximum heuristic.
a. The reason that the “minimum” value reported here is used to calculate the “maximum” heuristic is that this is the number of runs required to fit all of the effects of the full model simultaneously, which is not required for our optimization procedure.
b. The reason we add 1 to this minimum is that this allows for 1 degree of freedom for error if the full model is fit. This is part of a more traditional design and analysis approach that is being simplified in this workflow, but we retain the convention of adding 1 to the minimum reported in this section.
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Study Size
We will perform a 23-run design, using 21 points from a space filling design plus two replicates of the benchmark.
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Name Role Changes Values Units
A onizable Mixture Easy 0.1 0.6
A Helper Mixture Easy 0.1 0.6
A Cholesterol Mixture Easy 0.1 0.6
APrEG Mixture Easy 0.01 0.05
¥ lonizable Lipid Type  Categorical Easy H101 H102 H103
AN _P ratio Continuous Easy 6 14
Aflow rate Continuous Easy 1 3
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Model

Main Effects| | Interactions Cross Powers | |Scheffe Cubic| Remove Term
Name Estimability
lonizable Necessary
Helper Necessary
Cholesterol Necessary
PEG Necessary
lonizable*Helper Necessary
lonizable*Cholesterol Necessary
lonizable*PEG Necessary
lonizable*lonizable Lipid Type Necessary
lonizable*N_P_ratio Necessary
lonizable*flow rate Necessary
Helper*Cholesterol Necessary
Helper*PEG Necessary
Helper*lonizable Lipid Type Necessary
Helper*N_P_ratio Necessary
Helper*flow rate Necessary
Cholesterol*PEG Necessary
Cholesterol*lonizable Lipid Type Necessary
Cholesterol*N_P_ratio Necessary
Cholesterol*flow rate Necessary
PEG*lonizable Lipid Type Necessary
PEG*N_P_ratio Necessary
PEG*flow rate Necessary
lonizable Lipid Type*N_P_ratio Necessary
lonizable Lipid Type*flow rate Necessary
N_P_ratio*flow rate Necessary
N_P_ratio*N_P_ratio Necessary

flow rate*flow rate Necessary
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