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Still same subject.
See next … !!



CMC-Biologics Statistics



→

Excerpt from:
Chen C (2006) Implementation of ICH Q8 and QbD—an FDA perspective. PharmaForum 
Yokohama, June. https://www.nihs.go.jp/drug/PhForum/Yokohama060609-02.pdf (accessed on 
2024-SEP-04)

https://www.nihs.go.jp/drug/PhForum/Yokohama060609-02.pdf
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ς 𝑈𝐶𝐿𝑖 − 𝐿𝐶𝐿𝑖 ∗ 𝑤𝑒𝑖𝑔ℎ𝑡       Τ(𝑈𝑝𝑝𝑒𝑟 𝐿𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡 𝑜𝑓 𝑖𝑛𝑝𝑢𝑡 𝑖)

optim(max(p(failure) | in cube) < threshold
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𝑚𝑜𝑑𝑒𝑙 | 𝑟𝑎𝑛𝑑𝑜𝑚 𝑖𝑛𝑝𝑢𝑡𝑠



➢

σ
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𝑛 𝐸(𝑝)

stop if 𝑃(𝐸 𝑝𝑓𝑎𝑖𝑙𝑢𝑟𝑒 , 𝑛𝑐𝑢𝑟𝑟𝑒𝑛𝑡  <  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑)  > 𝛽

 
𝛽

𝛼 (= 1 − 𝛽)



➢

n factors

grid size 2 3 4 5 6 7 8

16 256 4096 65536 1048576 16777216 2.68E+08 4.29E+09

32 1024 32768 1048576 33554432 1.07E+09 3.44E+10 1.1E+12

64 4096 262144 16777216 1.07E+09 6.87E+10 4.4E+12 2.81E+14

13 19 29 47 81 147 277

•

•

•



➔

➔



• 𝛽0 𝛽𝑘 𝛽𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝛽𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐𝑠

•

•

•

•
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𝑍n = 1, 𝑥1, 𝑥2, … , 𝑥𝑘 , 𝑥1𝑥2, 𝑥1𝑥3, … , 𝑥𝑖𝑥𝑗 , … , 𝑥1
2, 𝑥2

2, … , 𝑥𝑘
2

𝑦 = 𝛽0 +  𝛽1𝑥1 + ⋯ + 𝛽𝑘𝑥𝑘 + 𝛽 𝑘+1 𝑥1𝑥2 + ⋯ + 𝛽(𝑘+0.5(𝑘 𝑘−1 ))𝑥k𝑥k−1 + 𝛽(𝑘+0.5(𝑘 𝑘−1 +1)𝑥1
2, + ⋯ + 𝛽(𝑘+0.5(𝑘 𝑘−1 +𝑘)𝑥𝑘

2

𝑥1  … 𝑥𝑘  ~ 𝑁(𝜇𝑖, 𝑠𝑖𝑔𝑚𝑎𝑖
2)  are independent random normal 



𝑥1, 𝑥2, … , 𝑥𝑘 ∼ 𝒩 𝜇𝑖, 𝜎𝑖
2

𝑍n = 1, 𝑥1, 𝑥2, … , 𝑥𝑘 , 𝑥1𝑥2, 𝑥1𝑥3, … , 𝑥𝑖𝑥𝑗 , … , 𝑥1
2, 𝑥2

2, … , 𝑥𝑘
2

መ𝑍𝑛 = 1, 𝜇1, … , 𝜇𝑘, 𝜇1𝜇2, 𝜇1𝜇3, … , 𝜇𝑖𝜇𝑗 , … , 𝜇1
2 + 𝜎1

2, … , 𝜇𝑘
2 + 𝜎𝑘

2

Response Surface Model (RSM)

1 = 0

𝑥𝑖 = 𝜎𝑖
2

𝑥𝑖
2 = 2𝜎𝑖

4 + 4𝜇𝑖
2𝜎𝑖

2

𝑥𝑖𝑥𝑗 = 𝜇𝑖
2𝜎𝑗

2 + 𝜇𝑗
2𝜎𝑖

2 + 𝜎𝑖
2𝜎𝑗

2

𝑥𝑖 , 𝑥𝑖
2 = 2𝜇𝑖𝜎𝑖

2

𝑥𝑖𝑥𝑗 , 𝑥𝑖𝑥𝑘 = 𝜇𝑖𝜎𝑗
2 + 𝜇𝑖𝜎𝑘

2

𝑥𝑖𝑥𝑗 , 𝑥𝑘𝑥𝑙 = 0 (

𝚺𝒏×𝒏 = 𝐕𝐚𝐫 𝒁

Predictor  function

𝔼 𝑦 = መ𝑍′𝛽

Model error Var 𝑦 = 𝛽′𝛴𝛽 + 𝑅𝑀𝑆𝐸 tr 𝑋′𝑋 −1𝛴 + መ𝑍′ 𝑋′𝑋 −1 መ𝑍

Prediction error Var 𝑦 = 𝛽′𝛴𝛽 + 𝑅𝑀𝑆𝐸2 1 + tr 𝑋′𝑋 −1𝛴 + መ𝑍′ 𝑋′𝑋 −1 መ𝑍

𝛽′𝛴𝛽 has df = ∞ (under approximation of  ොz  ~ MVN( መ𝑍𝑛,𝛴) )

Using  Welsh-Sattherthwaite

𝑑𝑓𝑎𝑝𝑝𝑟𝑜𝑥 =
𝑉1 + 𝑉2

2

𝑉1
2

∞
+

𝑉2
2

𝑑𝑓𝑒

=
𝑉1 + 𝑉2

2

𝑉2
2

𝑑𝑓𝑒
Where:  

𝑉1 = 𝛽′𝛴𝛽     and 𝑉2 = 𝑅𝑀𝑆𝐸2 1 + tr 𝑋′𝑋 −1𝛴 + መ𝑍′ 𝑋′𝑋 −1 መ𝑍

𝑅𝑀𝑆𝐸2

𝑠𝑖𝑔𝑚𝑎2  ~
𝜒2 𝑑𝑓𝑒

𝑑𝑓𝑒
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Model: 
icept 
dur 
orb 
ivcd 

ivcd*dur 
orb*dur 
orb*ivcd

orb*orb 
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Wide*perturbation: σ = 1/6 (High-Low)

* ±3σ covers entire DOE range 

Model: 
icept 
suc 
pH
arg

suc*pH
pH*pH



Calculation time 

(HH:MM:SS.00)

 

16:53:37.04

Calculation time 

(HH:MM:SS.00)

 

00:00:01.28
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https://doi.org/10.1186/s41120-024-00095-y
https://www.nihs.go.jp/drug/PhForum/Yokohama060609-02.pdf
https://www.ema.europa.eu/en/ich-q8-r2-pharmaceutical-development-scientific-guideline
https://community.jmp.com/t5/Discovery-Summit-Americas-2023/Finding-Optimal-Operating-Regions-for-Critical-Quality/ta-p/651670
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