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Preliminary Meeting Responses

Preamble:
We acknowledge that UW-LNP-SpCas9-BEST1-R218C is in the early phase of product 
development and that UW-LNP-SpCas9-BEST1 represents an individualized therapy 
containing different drug product variants targeting specific BEST1 mutations.  
 
Individualized therapies for rare diseases with limited patient populations typically have 
a shortened clinical investigation phase. In such cases, it is often necessary to leverage 
efficacy data from early phase clinical studies to support product licensure. Therefore, 
Chemistry, Manufacturing, and Controls (CMC) development is expected to occur 
rapidly and to evolve concurrently with clinical development. The CMC information 
submitted to support the clinical study should be appropriate for the stage of clinical 
development. We recommend you consider multiple aspects of the commercial 
manufacturing process early in development, including but not limited to manufacturing 
scale, manufacturing process validation, analytical method qualification and validation, 
and a stability strategy. We look forward to discussing your CMC development plan in 
detail at the preIND meeting. 
 
Based on the information provided in the meeting package, the CMC comments below 
are provided within the context of supporting the initiation of the proposed Phase 1/2 
clinical study, but not the initiation of the pivotal trial. 
 
Question 1: 
Does the Agency agree that the excipients that make up the LNP proposed for use in 
UW-LNP-SpCas9-BEST1-R218C, 

 are acceptable for use in a first in human (FIH) trial? 
 

FDA Response to Question 1:  
We cannot yet agree that the excipients proposed for the manufacturing of UW-LNP-
SpCas9-BEST1-R218C drug product (DP) 

 are acceptable for use in a first in human (FIH) trial. 
 
We note the proposed grade of the excipients (Table 8 of the meeting package) for the 
first in human clinical study is non-GMP. We have limited information from the meeting 
package to evaluate whether the excipients are sufficient to ensure the safety and 
quality of the DP. If non-GMP grade excipients are used as part of the DP 
manufacturing process, CMC information for these excipients should be provided to 
support the evaluation of the safety of the DP. Please provide a Certificate of Analysis 
(COA) or other documentation that describes the source, quality, and performance of 
the excipients in your future IND submission. 
 
We strongly recommend you use reagents of the highest grade available; for example,
we recommend use of compendial grade , when available. Please 
be advised that if you intend to use data from the proposed Phase 1/2 study to support 
product licensure, all excipients should be GMP grade if available. 
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Question 2:
Does the Agency agree that that non-encapsulated Drug Substance (sgRNA and 
SpCas9 mRNA) has been adequately identified and that the proposed release 
specifications account for sufficient quality of the DP? 

FDA Response to Question 2: 
Based on the information provided in the meeting package, we generally agree that the 
proposed lot release specification for the sgRNA drug substance (DS) is acceptable. 
However, we do not agree that the proposed lot release specification for the SpCas9 
mRNA DS is sufficient. We have the following comments for you to consider during your 
continued product development and encourage you to revisit any questions about this 
topic at the preIND meeting:
 

1. We note you do not provide the acceptance criteria in the mRNA DS lot release 
specification. We also note several acceptance criteria in the sgRNA DS lot 
release specification are not specified, including, “report result”, and “TBD”. To 
support the proposed clinical development plan, we recommend that you 
leverage experience from the manufacture of preclinical, developmental, or 
engineering lots as well as experience from other related products to set lot 
release acceptance criteria. The initial lot release acceptance criteria may be set 
relatively wide based on your limited process development and manufacturing 
experience and should be tightened as you gain additional product 
manufacturing experience. 

 
2. We note you propose to perform next generation sequencing (NGS) as an 

orthogonal identity test for sgRNA DS. Please be aware, we do not consider 
NGS of sgRNA to strictly be an assay for identity. NGS should also be used as 
an assay for sequence purity. Sequence-related impurities impact both the safety 
and efficacy of the final drug product. During product development, we 
recommend you investigate the NGS method performance for the detection of 
sequence impurities in addition to confirmation of identity and establish a 
reasonable acceptance criterion for sequence purity. 

 
3. Regarding the proposed lot release specification for the mRNA DS, please 

consider the following comments: 
 

a. We note you provide a single table that includes the SpCas9 mRNA 
characterization and release testing (Table 12 of the meeting package). 
However, it is unclear which testing is performed only as mRNA DS 
characterization and which tests will be used for lot release. Please 
provide clarification at the preIND meeting. For clarity we recommend you 
separate this information into two tables labeled, “DS lot release 
specification” and “Additional mRNA DS characterization testing”. 

 
b. We note you propose to perform sterility testing on the mRNA DS at late 

phase clinical studies. Please be advised that sterility testing for an mRNA 
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DS is not required; the proposed bioburden testing is acceptable. 
However, it is unclear if bioburden testing follows USP <61>, or whether 
you are using non-compendial methods. If you are using non-compendial 
methods, please provide data demonstrating method sensitivity with a 
sample containing your matrix. 

 
c. We note you propose to perform a test for conductivity. We have limited 

information regarding how informative this test is for an mRNA DS. Please 
provide a clarification for the inclusion of conductivity testing in the mRNA 
DS specification.  

 
d. We note you propose multiple tests for identity. We consider that mRNA 

identity can be sufficiently confirmed by the NGS and/or RT-PCR 
methods. You may consider exploring the performance of other tests for 
identity including fingerprinting by LC-MS/MS, RNA agarose gel, RNase 
digestion, and base composition LC-UV as characterization tests. 

 
Question 3: 
Does the Agency agree that, given the similarity of the DP with UW-LNP-ABE8E-W53X, 
and because the LNP delivery vehicle for this DP and UW-LNP-ABE8E-W53X are 
identical, the biodistribution and toxicity data collected for UW-LNP-ABE8E-W53X are 
sufficient to support a FIH trial for this DP? 
 
FDA Response to Question 3: 
Based on the information provided in Sections 4.2.1, 5.1.13, and 5.1.15 (pages 14-15 
and 32-35, respectively) of your INTERACT meeting package, we do not yet agree that 
the biodistribution (BD) and toxicity data for UW-LNP-ABE8E-W35X will be sufficient to 
support a first-in-human (FIH) trial for UW-LNP-SpCas9-BEST1-R218C. You are at an 
early stage of product development; thus we recommend a stepwise approach to your 
nonclinical program. We have the following comments which should be addressed in 
your pre-IND: 
  

1. Regarding your proposal to leverage data from UW-LNP-ABE8E-W35X for UW-
LNP-SpCas9-BEST1-R218C, please provide the following: 
  

a. A tabulated summary of the similarities and differences between the two 
products. This summary should include the manufacturing process and 
physiochemical characteristics for each product, including the lipid 
composition, total RNA content and ratio, RNA purity, encapsulation 
efficiency, zeta potential, particle size, polydispersity index, guide 
ribonucleic acids, gene editor, and major lot release criteria.   
  

b. A discussion on the potential risks associated with i) immunogenicity to 
the editor, SpCas9, (antibody- or cell-mediated immune responses), and 
ii) relevancy of immunogenicity data generated with UW-LNP-ABE8E-
W53X to support UW-LNP-SpCas9-BEST1-R218C.  
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FDA Remarks for Question 3, Comment 1b. 
FDA requested clarification, and the Sponsor confirmed, that the LNP composition is the 
same between UW-LNP-SpCas9-BEST1-R218C and UW-LNP-ABE8E-W53X and that 
the editors and guide RNAs are the only difference. The Sponsor provided additional 
information regarding their plan to assess immune response, biodistribution, toxicity, 
and anti-SpCas9 antibody levels in the UW-LNP-ABE8E-W53X nonclinical studies. FDA 
stated that the Sponsor should provide sufficient information, including the tabulated 
comparison detailing similarities and differences between the two products in their pre-
IND, to determine whether data resulting from the UW-LNP-ABE8E-W53X nonclinical 
program can be leveraged to support the safety of UW-LNP-SpCas9-BEST1-R218C. 

   
c. A comparison of the activity profiles between SpCas9 and ABE8E.  

  
d. A discussion including the indication, proposed patient population (e.g., 

adult, pediatric), LNP target organ, and biologically active dose level range 
of UW-LNP-ABE8E-W53X and a comparison to UW-LNP-SpCas9-BEST1-
R218C. 

  
e. A discussion regarding how any differences between products may impact 

translation of data generated with UW-LNP-ABE8E-W35X to the clinical 
scenario for UW-LNP-SpCas9-BEST1-R218C. 

  
2. On page 35, you state you plan to complete genotoxicity studies using each final 

LNP-formulated mRNA product (page 35). We agree with using the final product 
to evaluate the potential genotoxicity and recommend that you conduct the 
following studies: a) an in vitro micronucleus test and b) an in vitro mammalian 
cell hypoxanthine-guanine phosphoribosyltransferase (HPRT) gene mutation test 
or a mouse lymphoma assay. If any positive signals for genotoxicity are 
detected, we recommend that you also conduct an in vivo micronucleus test. The 
following document may be referenced for additional guidance on this assay: 
Guidance for Industry S2(R1) Genotoxicity Testing and Data Interpretation for 
Pharmaceuticals Intended for Human Use 
(https://www.fda.gov/media/71980/download).  
 

3. Please provide in vitro data evaluating the degradation profile of all novel LNP 
components, if any, in appropriate biosamples (e.g., liver S9 fractions, 
microsomes, hepatocytes) from mice, NHPs, and humans to assist in translation 
of metabolism and clearance data from the selected animal models to humans. 

Question 4:
Does the Agency agree that the dose range finding study in iPSC-RPE is sufficient for 
dose selection given that Best disease has no relevant animal model?

FDA Response to Question 4: 
Based on the information provided in Sections 4.2.2, 5.1.4, and 5.1.12 (pages 15-16, 
23-24, and 32, respectively) of your INTERACT meeting package, we do not yet have 
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Question 6:
Does the Agency agree that the proposed Umbrella clinical trial design is sufficient to 
simultaneously enroll patients with different BEST1 pathogenic variants that result in 
Best disease, treatable by drug products that differ only in their guide RNA but function 
by the same therapeutic mechanism of action? 

FDA Response to Question 6: 
Based on the information provided in the meeting package, we consider UW-LNP-
SpCas9-BEST1 DP to be a single drug product (DP) with multiple DP variants that only 
differ in sgRNA sequence. Therefore, a single IND is reasonable. You may amend the 
IND to provide information to support additional DP variants for the new BEST1 gene 
mutations. In terms of the clinical trial protocol and trial design, a master protocol may 
be efficient but the trial design needs to be discussed in detail given the disease 
heterogeneity, the lack of reliable genotype-phenotype correlations, and the different 
modes of inheritance affecting the phenotype and disease trajectory among other 
clinical considerations. When subsequent patients with different unique pathogenic 
mutations are identified. We recommend a detailed discussion of your clinical 
development strategy and trial design at a pre-IND meeting. 
 
Question 7: 
Does the Agency support a clinical trial design that may be expanded upon the 
identification of new BEST1 pathogenic variants that are treatable by the same strategy, 
not explicitly named in this proposal and that performing additional biodistribution and 
toxicity studies are not necessary to support the use of new, replacement guide RNAs 
targeting the newly identified pathologic drug targets? 
 
FDA Response to Question 7: 
In terms of the trial design, we refer you to our response to Question 6. 
 
Based on the information provided in Sections 4.2.5 and 5.1.13-5.1.16 (pages 17 and 
32-35, respectively) of your INTERACT meeting package, we do not yet agree that 
additional BD or toxicity studies are not needed to support your proposed clinical trial. 
We refer you to our responses for Questions 3 and 4.   
 
In general, in vivo nonclinical BD and toxicology studies can be leveraged to support 
products with the same LNPs, editor, and route of administration with different guide 
mRNAs targeting various mutations, provided the editing activity and physiochemical 
characteristics are not impacted by the differences in cargo. Please note that in vitro off-
target assessments, informed by LNP BD and in vivo on-target editing, are needed for 
each guide mRNA-specific LNP product.  
 
Question 8: 
Does the Agency agree that Best disease, due to its rarity and the severity of the 
disease, qualifies for the Rare Disease Evidence Principles (RDEP) Pathway and/or 
Plausible Mechanism Pathway (PMP) to approval? The Sponsor requests guidance on 
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RDEP and PMP and any development strategies that may be affected by the use of 
these pathways.
 
FDA Response to Question 8:
We recognize that Best disease is rare and has serious manifestations. The RDEP and 
PMP are general conceptual frameworks for evidence generation based on disease-
specific considerations and do not constitute expedited programs, new approval 
pathways, or different evidence standards for product approval.  
 
For Rare Disease Evidence (RDEP) eligibility, a product must meet the following core 
criteria to determine whether this conceptual framework applies: it must specifically 
address the underlying genetic defect of the condition in question; it must target a very 
small, rare disease population or subpopulation (generally fewer than 1,000 patients in 
the United States); the affected population must face rapid deterioration in function 
leading to significant disability or death; and no adequate alternative therapies must 
currently exist for that population. You may submit a formal RDEP eligibility request 
accompanied by a thorough justification demonstrating how your clinical program meets 
the eligibility criteria outlined above. 

 
For guidance on applying the Plausible Mechanism Framework to your clinical program, 
we refer you to the FDA guidance document, “Considerations for the use of the 
Plausible Mechanism Framework to Develop Individualized Therapies that Target 
Specific Genetic Conditions with Known Biological Cause” 
(https://www.fda.gov/media/191247/download). 

 
 
Additional FDA Questions/Comments:  
 
General Considerations 
 
1. We recommend that you request a pre-IND meeting with CBER/OTP when ready, to 

obtain formal nonbinding comments regarding your product development plan from 
the three CBER/OTP review disciplines, consisting of product manufacturing (CMC), 
pharmacology/toxicology (P/T), and clinical. Please be advised that you should 
consider and address all recommendations provided in these INTERACT comments 
when you submit a pre-IND meeting package. 

 
Chemistry, Manufacturing, and Controls  
 
2. Regarding the UW-LNP-SpCas9-BEST1-R218C DP lot release specification, we 

note you have not developed acceptance criteria for the proposed tests. We have 
the following additional comments and encourage further discussion at the preIND 
meeting: 
 

a. We note you propose to perform an identity test for the lipid components 
by HPLC; however, you do not propose a test for mRNA and sgRNA 
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identity. Identity testing should include confirmation of the identity of all 
components. We recommend you include an identity test for all RNA 
components in the DP as part of the DP lot release specification. 

b. We note you plan to test for the UW-LNP-SpCas9-BEST1-R218C DP 
strength using a Ribogreen assay. While this assay is sufficient to 
measure total RNA concentration, it does not appear capable of 
quantifying each RNA component separately. The relative mRNA and 
sgRNA content are critical quality attributes that should be controlled to 
ensure a consistent product quality. We recommend you include test(s) for 
mRNA content and sgRNA content in the DP lot release specification. 

 
c. We recommend you include tests for lipid, mRNA, and sgRNA purity in the 

DP lot release specification. 
 
d. We note you propose to perform a test for appearance by visual 

inspection. For the appearance test, we recommend you include testing 
for visible particulates and the appearance test acceptance criterion 
should include the phrase “essentially free of visible particulates.” 

 
e. We note you propose to perform subvisible particulate testing per USP 

<788>. Because the route of administration is via subretinal delivery, 
please be advised that the acceptance criterion for subvisible particulates 
should be in compliance with USP <789>.  

 
f. We note you have included bioburden testing as part of lot release of the 

UW-LNP-SpCas9-BEST1-R218C DP in Table 13. Please be advised that 
the sample for this test should come from the bulk DP immediately prior to 
filter sterilization and is considered an in-process test and not a DP lot 
release test. 

 
FDA Remarks for Additional Comment 2, Part a:  
The FDA agreed with the Sponsor’s proposed strategy for RNA identity 
confirmation, which includes a mutation-specific potency assay, and the HPLC 
method proposed for other RNA assessments, based on two conditions: (1) the 
acceptance criterion of the potency assay confirms the editing of the correct 
sequence and not solely a general percent editing efficiency, and (2) the HPLC 
assay should be measured against a well characterized reference standard. The 
Sponsor acknowledged.  

 
FDA Remarks for Additional Comment 2, Part c:  
The Sponsor proposed to rely on the vendor CoAs for RNA DS and lipid 
excipients as purity control and described an HPLC assay for RNA assessment 
that would also report on RNA degradation products and species integrity via 
retention time and peak shape. The FDA did not agree that solely relying on the 
component CoAs is sufficient to control purity in the final DP, noting that lipid-



Page 12 – PTS PS010799 – Nicholas P. Shinners, PhD

RNA adducts may form during LNP manufacturing process and storage, and 
RNA purity is a stability-indicating attribute that should be monitored for the DP. 
The FDA recommended the Sponsor collect RNA purity data from the HPLC 
assay as part of product characterization and monitor the RNA purity in DS and 
DP stability studies. The Sponsor acknowledged.
 
The Sponsor asked what specific lipid adducts should be monitored, and whether 
methods used to measure impurities would need to be included in stability 
studies. The FDA clarified that tests for purity and impurities should be designed 
to monitor any degradation products or impurities generated during the 
manufacturing process and storage, and that data collected during product 
development can be used to justify the control of impurities later in development. 
The Sponsor acknowledged. 
 
Additionally, the FDA recommended the Sponsor develop a characterization 
assay demonstrating the lipid impurities are controlled in the final DP. The 
Sponsor acknowledged. 
 
Post meeting comment: 
For additional information regarding lipid-RNA adducts, please refer to a paper 
published recently (https://doi.org/10.1002/wnan.70053). 

FDA Remarks for Additional Comment 2, Part b:
The Sponsor proposed to develop an HPLC-based method providing mRNA to 
sgRNA ratio in addition to the Ribogreen assay to control mRNA and sgRNA 
content. The FDA agreed with this approach.

3. Please be advised that for a product manufactured for use in an early phase clinical 
study, phase appropriate CGMPs are acceptable. In general, the production of an 
investigational drug product for use in a Phase 1 clinical trial is exempt from 
compliance with the regulations in 21 CFR Part 211. This exemption generally 
applies to studies that are designed to establish basic safety, rather than efficacy of 
the drug product. If you propose to use the data from the Phase 1/2 study to support 
a license application, this exemption from compliance with Part 211 may not apply. 
For additional information, please refer to the FDA guidance “Current Good 
Manufacturing Practice for Phase 1 Investigational Drugs”, dated July 2008 
(https://www.fda.gov/media/70975/download). 

Bioinformatics

Your proposed strategies for off-target edit site nomination and confirmation are 
generally acceptable. However, you did not provide any plans to assess genomic 
integrity of cells post-genome editing. Additionally, your drug product relies on allele 
specific editing by targeting the mutation harboring sequencing for disruption. Since 
your proposed gRNAs differ from the normal genic site by one nucleotide, editing 
activity at normal site should also be appropriately assessed. Please provide a detailed 








