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W hy m R N A?

 I ndustr y  gr ow th:  $50B + market by 2030 (roots in COVID-19 
vaccines).

 Ther a peut ic ex pa nsion:  Oncology, gene therapy, 
personalized medicine.

 Q C a s  the B ott leneck :  Scalability demands platform 
approaches.

 R oa dm a p:  Challenges →  Platform Solutions →  Future-ready 
QC.



K ey Cha llenges  in  m R N A Q C

1. R a w  M a ter ia l Va r ia bility

Lipid sou r ces :  Lipid batches 
from different vendors altered 
LNP size.

I m pa ct :  Failed specs, costly 
delays.

2.  Ana lyt ica l Ga ps

I ntegr ity :  Ribogreen/qPCR lacks 
resolution for fragmented mRNA.

dsR N A:  ELISA false positives/positives 
due to antibody cross-reactivity and 
assay range.

Poly(A) :  NGS bias in tail length 
quantification.



K ey Cha llenges  in  m R N A Q C:  Ana lyt ica l M ethods
Cha llenges  in  Developing Ana lyt ica l P la t for m  M ethods



M ethod Per for m a nce Ex pecta t ions
Defining M ethod Per for m a nce Ex pecta t ions

Pur pose
 To validate that analytical methods consistently produce data that are reliable 

and conform to the predefined performance.



M ethod Per for m a nce Ex pecta t ions
Per for m a nce M etr ics  in  Developm ent



Fit -to-Pla t for m  Assessm ent
W ha t  is  Fit -to-Pla t for m  Assessm ent?

Definit ion

Evaluating the suitability of a 
new analytical method or 
process to a pre-established 
platform technology.

Ensures the method aligns 
with platform standards for 
performance, compatibility, 
and reproducibility.

K ey Goa ls

Determine if the method 
meets platform expectations 
(e.g., sensitivity, accuracy).

Optimize the platform’s 
capacity to address product-
specific challenges.

Signif ica nce

Reduces development time 
by leveraging prior platform 
knowledge.

Streamlines validation by 
focusing on critical gaps or 
enhancements.



Fit -to-Pla t for m  Assessm ent
Fit-to-Pla t for m  Assessm ent  – K ey Com ponents

Alignm ent  w ith  Pla t for m  Ca pa bilit ies

 I s  the new method compatible with the platform’ s standard design space?

 Does it meet the required performance metrics, including sensitivity, specificity, 
and robustness?

Ga p Ana lys is

 Identification of areas where the new method deviates from platform standards.

 Ex a m ple:  Adaptation required for novel analytes or detection targets.



Fit -to-Pla t for m  Assessm ent
Fit-to-Pla t for m  Assessm ent  – K ey Com ponents

R isk  Assessm ent

 Quantifying the potential impact of method-platform 
misalignment on overall product quality.

 Focus on critical quality attr ibutes (CQAs) that could be 
compromised.

O ptim iza t ion

 Adjustments to enhance specificity, linearity, and robustness to 
meet platform requirements.



Fit -to-Pla t for m  Assessm ent
Ca se Study – O pt im izing Specif icity  in  dsR N A Detect ion

B a ck gr ou nd

 dsRNA Detection is  a critical step for ensuring mRNA DS safety, as dsRNA is an 
impurity linked to immune responses.

 ELISA-based assay.

Cha llenge

 Standard kits showed cross-reactivity with unrelated nucleic acids, compromising 
specificity.

 Achieving high specificity while maintaining sensitivity was critical for assessing 
product safety.



Fit -to-Pla t for m  Assessm ent
Ca se Study – O pt im izing Specif icity  in  dsR N A Detect ion

Appr oa ch to O pt im iza t ion

1. dsR N A qua nt if ica t ion us ing ELI SA a nd Fit -to-Pla t for m  Eva lua t ion

 Evaluated the compatibility of the dsRNA detection kit with the existing analytical 
platform.

 Identified specificity as the primary limitation through gap analysis.

2.  O pt im izing Specif icity

 Adjusting Kit Design:  Modified capture and detection antibodies to reduce cross-
reactivity.

 Validation with Controls:  Introduced a broader range of negative controls (e.g., 
s ingle-stranded RNA, DNA) to confirm absence of non-specific binding.



• One-step detection takes only 1.5 hours

• Sensitivity: 0.047ng/ml

• Detection range: 0.047-3ng/mlNovoFast dsRNA ELISA Kit，Cat. No.: 
RD017

dsRNA Impurities Control & Detection



dsRNA Impurities Control & Detection – assessing the 
Specificity



dsRNA Impurities Control & Detection – assessing the 
Specificity

ssRNA
μg/ml 

Background 
dsRNA Con. 

(ng/ml)
dsRNA Con. 

(ng/ml)
Theoretical 
dsRNA Con. 

(ng/ml)

Measured 
dsRNA Con. 

(ng/ml)
Recovery%

mRNA1 1019nt
0.2 μg/ml 0.061669

0.000 0.062 0.062 
0.023 0.085 0.079 6%
0.188 0.249 0.239 4%
0.750 0.812 0.764 6%

mRNA 2
2156 nt

1.0 μg/ml
Below 

detection limit

0.000 Below 
detection limit ----

0.046 0.046 0.057 24%
0.375 0.375 0.349 7%
3.000 3.000 2.715 9%

mRNA3 
1019nt

2.0 μg/ml
0.609262

0.000 0.609 0.609 

0.023 0.632 0.579 8%
0.188 0.797 0.689 14%
0.750 1.359 1.112 18%



dsRNA Impurities Control & Detection – assessing the 
Specificity

Enzymes 
(10μg/ml) 

Background 
dsRNA Con. 

(ng/ml)
dsRNA Con. 

(ng/ml)

Theoretical 
dsRNA 
Con. 

(ng/ml)

Measured 
dsRNA 
Con. 

(ng/ml)
Recovery% 

Capping 
System 

Enzymes
Below the detection 

limit

0.046 0.046 0.055 19%
0.375 0.375 0.359 4%
1.500 1.500 1.415 6%

RNase inhibitor Below the detection 
limit

0.046 0.046 0.041 11%
0.375 0.375 0.326 13%
1.500 1.500 1.286 14%

DNase I Below the detection 
limit

0.046 0.046 0.053 16%
0.375 0.375 0.392 4%
1.500 1.500 1.628 9%

T7 RNAP Below the detection 
limit

0.046 0.046 0.049 7%
0.375 0.375 0.333 11%
1.500 1.500 1.268 15%

iPPase Below the detection 
limit

0.046 0.046 0.051 11%
0.375 0.375 0.360 4%
1.500 1.500 1.428 5%

RNase R Below the detection 
limit

0.046 0.046 0.038 18%
0.375 0.375 0.331 12%
1.500 1.500 1.200 20%



dsRNA Impurities Control & Detection – assessing the 
Specificity

Accelerated Stability of RD017



Design Spa ce a nd R obu stness
W ha t  is  Design Spa ce?

 Defined by ICH Q8 as the multidimensional range of input variables and process 
parameters that ensure method performance.

For  dsR N A detect ion:

 Includes variables such as antibody concentration, reaction time, buffer 
composition, and temperature.

W ha t  is  R obustness ?

 The method’ s capacity to remain unaffected by small variations in operating 
conditions.

 Ensures reliable performance under real-world conditions.



Design Spa ce a nd R obu stness
Defining the Design Spa ce for  dsR N A Detect ion - K ey Va r ia bles  

Ex plor ed



Design Spa ce a nd R obu stness
R obustness  Test ing for  dsR N A Detect ion - K ey Str ess  Condit ions  

Eva lua ted



Tota l Ana lyt ica l Er r or  (TAE)?

Definit ion

 Tota l Ana lyt ica l Er r or  (TAE) :  A statistical measure that combines systematic 
error (bias) and random error (imprecision) to assess the overall performance of 
an analytical method.

Signif ica nce

 Provides a holistic view of method r elia bility .

 Ensures the method delivers results within a ccepta ble a ccu r a cy a nd pr ecis ion 
limits.



Tota l Ana lyt ica l Er r or  (TAE)?

Com ponents

1. System a tic Er r or  (B ia s)

Deviation of the measured value 
from the true value.

2. R a ndom  Er r or  ( I m pr ecis ion)

Variability observed between 
repeated measurements.

https://myadlm.org/cln/articles/2013/september/total-analytic-error



Tota l Ana lyt ica l Er r or  (TAE)?

Ca lcula t ing Tota l Ana lyt ica l Er r or

TAE=∣B ia s ∣+z×I m pr ecis ion (SD)

Where:

B ias = Mean of measured values - True value.

z = Standard score for a chosen confidence level (e.g., z = 1.96 for 95%).

SD = Standard deviation of measurements.

I nter pr et ing TAE

 Compare TAE to predefined Total Error Allowance (TEA).

 A method is acceptable if:

TAE≤TEA



Tota l Ana lyt ica l Er r or  (TAE)?

Ca lcula t ing Tota l Ana lyt ica l Er r or  for  the dsR N A deetct ion m ethdo

True Value (spike):  1 ng/mL dsRNA.

Measured Mean: 0.97 ng/mL (B ias = -0.3 ng/mL).

Standard Deviation (SD):  0.25 ng/mL.

TAE Calculation

TAE=∣−0.3∣+(1.96×0.25)=0.3+0.49=0.79 ng/ m L.

TEA B enchm a r k :  Defined TEA:  ±1 pg/ m L.

Conclus ion:  Since TAE(0.79)  <TEA(1) ,  the m ethod is  a ccepta ble.



Tota l Ana lyt ica l Er r or  (TAE)?
Cha llenges  a nd B est  Pr a ct ices  in  TAE Eva lua t ion

Cha llenges

 Selecting appropriate TEA limits for complex matrices.

 Balancing sensitivity with precision in low-concentration analytes.

 Addressing variability introduced by operator or equipment changes.

B est  Pr a ct ices

 Define Clear TEA Limits:  Align with product-specific and regulatory requirements.

 Perform Rigorous Testing:  Use multiple replicates and conditions to ensure 
reliability.

 I terative Optimization:  Adjust method parameters to minimize bias and 
imprecision.



Lever a ging Pr ior  K now ledge for  Pla t for m  
Va lida t ion Acr oss  Developm ent  Sta ges

R ole of  Pr ior  K now ledge



R egula tor y  Consider a t ions  for  Ana lyt ica l Pla t for m s

Ex pecta t ions  for  Ana lyt ica l P la t for m s



Ta k e H om e M essa ge



Tha nk  You  for  You r  Attent ion!

" Together ,  w e pa ve the w a y for  r elia ble a nd 
innova t ive dr ug solut ions"

Tr a nsfor m ing Qua lity  into Ex cellence
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