
Accelerated 
Stability 
Assessment

14 March 2019
Christian Ramskov Larsen, JMP
Jakob Christensen, NNE

JMP Discovery Summit Cph 2019



Agenda

About NNE and Applied Manufacturing Science

Executive summary of approach

Introduction to Shelf life studies

- Data example

- ICH Guideline

- Typical experimental setup and recommended data analysis

Using the JMP Stability test  standard module I (demo)

- Combining data from different temperatures – introducing Arrhenius equation

- JMP Stability test module II  (demo)

Next level Arrhenius shelf life model

- Combine data from all batches in one joint model

- Modelling step and interpretation

- Examples

- Overview of workflow (demo)

Conclusions



2,000

3

professionals

15
Office locations

worldwide

40%
new production

facilities

30%
pharma

consulting

30%
restructuring and
facility upgrades

An international company
specialised in pharma engineering

We bring best practices
to our customers

We are supporting 
our customers globally 
and on local sites

We enable pharma companies
to deliver on demand

3,000
projects globally  / year

Focused pharma engineering



Our Approach

Introduction to Applied Manufacturing Science4

Where and how do we help clients?

Validation

CPV



Smarter execution of Stability studies

Typical situation
• ICH guidance shelf life estimated 

from the worst of 3 batches with 

confidence.

• Ongoing verification often fails 

since there is a high risk that a 

worse batch will appear.

Challenges
• Measurement system noise is 

higher than the actual drug product 

degradation.

• Shelf life is estimated on sparse 

data, when accelerated studies are 

not used in shelf life modelling. 

Our solution
• Arrhenius modelling system based on 

mechanistic knowledge

• Suppress measurements noise by combining 

data from all temperatures, time points and 

conditions

• Determine Master Decay Curve

• Separate assessment of start level (batch release 

limit) and decay 

• Compare verification batches to the decay curve

Opportunities
• Reduce number of Non-Conformities

• Reduce QC costs 

• Faster determination of Shelf Life

• Increased scientific understanding of 

degradation mechanism

• Link to development stability



Shelf life study
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What is it all about?

• Experiments carried out on typically 3 batches under different storage conditions to assess a product’s long term 

stability / shelf life

• Following ICH guidance, shelf life can be estimated from the worst of 3 batches in a stability study

• Even if estimated with confidence, you have probably not seen the worst batch among the first 3. 

• On top of the study on the first 3 batches you are expected to do ongoing verification (where there is a high risk that 

a worse batch will appear).

• Recommendation: Do not require that each ongoing verification batch has a measured shelf life longer than the 

stated, but that you “just” verify that each verification batch is within the predicted response from the first 3. 

• Since there is  typically a significant measurement noise in a shelf life study, do NOT evaluate it based on the level 

at shelf life, but fit a model across ALL times and temperatures. Thereby you can supress measurement noise
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ICH guideline

ICH propose that Statistical analysis can be 

appropriate to verify shelf life, if significant changes 

occur under storage.

ICH Q1E: “An appropriate approach is determining the 

earliest time at which 95% confidence limit for the 

mean intersects the propose acceptance criterion” (for 

retest period or shelf life estimation).

19 pages – one plot:



ICH approach

• Experimental setup

• 3 batches

• 3 temperature / RH 

• Typical 25 ⁰C/ 60% + 30 ⁰C/ 65% + 40 ⁰C/ 75% for room temperature stability

• Storage time from 0 to 36 months

• Product and temperature dependent

• Data evaluation

• Build regression model on individual batches with time

• Common slope? Common intercept? 

• Look at the worst of the 3 batches

• Confirm with confidence that expected shelf life is within spec (otherwise panic!)

Challenge can be that practically no decay appear under normal storage conditions (very stable). 

Measurement noise is dominating, which is motivation for looking at accelerated conditions.



JMP module on Stability I

• Reliability and Survival

• Degradation

• Stability Test

• Pros and cons

+

• Fast  comparison

• Check for common interception + slope

-

• Missing comparison between condition/ accelerated studies

• Separate models for each batch



JUMP TO JMP



How to combine data from different temperatures
- Arrhenius

• The Arrhenius equation is the one which explains the temperature dependence of the reaction rate 

constant, and therefore, rate of a chemical reaction

• Application of the Arrhenius equation in pharmaceutical stability testing is well established

• This equation describes the relationship between storage temperature and degradation rate. Use of 

the Arrhenius equation permits a projection of stability from the degradation rates observed at high 

temperatures



JMP module on Stability II

• Reliability and Survival

• Destructive Degradation

• Pros and cons

+

• First order kinetics

• Arrhenius transformation included

• Easy modeling + comparison

-

• Batch no not in model

• So separate models per batch or pooled batch model

• Master Decay curve is missing



JUMP TO JMP



Next level Arrhenius shelf life model
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How to combine different temperatures and all batches in to the same model?

• Introduce it in a simple Least Square model frame. 

• Final shelf life model applied:

• ln 𝑁(𝑡) = ln 𝑁0 − 𝐴𝑡 + 𝐸𝑎𝐴 ∗ 𝐴𝑟ℎ 𝑇 𝑡 +
𝐸𝑎

2

2
𝐴 ∗ 𝐴𝑟ℎ 𝑇 2 𝑡 −

𝐸𝑎
3

6
𝐴 ∗ 𝐴𝑟ℎ 𝑇 3 𝑡 …



Applied statistical model

• Derived model system 

• Arrhenius equation

• First order kinetics

• Arrh(T) function

• Combine the three above

• Taylor expansion

• Ready for Least Squares modelling

ln 𝑁(𝑡) = ln 𝑁0𝑒
−𝑘𝑡 = ln(𝑁0) − 𝑘𝑡 = ln(𝑁0) − 𝐴𝑒−𝐸𝑎𝐴𝑟ℎ(𝑇)𝑡 

𝑘 = 𝐴𝑒
−𝐸𝑎
𝑘𝐵𝑇

𝐴𝑟𝑟ℎ 𝑇 =
11605

𝑇 + 273,5
=

1

)𝑘𝐵(𝑇 + 273,5

ln 𝑁 𝑡

≈ ln 𝑁0 − 𝐴𝑡 1 − 𝐸𝑎𝐴𝑟ℎ 𝑇 +
𝐸𝑎𝐴𝑟ℎ 𝑇 2

2
+⋯ . .

= ln 𝑁0 − 𝐴𝑡 + 𝐸𝑎𝐴𝐴𝑟ℎ 𝑇 𝑡 +
𝐸𝑎

2

2
𝐴𝐴𝑟ℎ 𝑇 2𝑡 …



Arrhenius shelf life model

17

How to combine different temperatures in to the same model?

• Final shelf life model applied:

• ln 𝑁(𝑡) = ln 𝑁0 − 𝐴𝑡 + 𝐸𝑎𝐴 ∗ 𝐴𝑟ℎ 𝑇 𝑡 +
𝐸𝑎

2

2
𝐴 ∗ 𝐴𝑟ℎ 𝑇 2 𝑡 −

𝐸𝑎
3

6
𝐴 ∗ 𝐴𝑟ℎ 𝑇 3 𝑡 …

• If we center Arh(T)  with 𝐴𝑟ℎ 𝑇 − 𝐴𝑟ℎ 𝑇0 all the terms in the above equation except the first 2 gets 0 and A will be the decay 

constant at T0. Normally center in the middle of the investigated temperature window. 



Remove outliers before modelling
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How to remove outliers and progress to assessment common intercept and/or common slope?

• 3 batches are tested at 15, 25, 30 and 40 ℃.

• Each measurement is done in duplicate identified with X ID no.

1. Duplicate outliers are identified and excluded form a model 

with X ID no as factor. Look at Studentized Residuals

2. Model /context outliers. Fit Model on Ln(Result) build on the 

first 3 batches. This leads to additional outliers that are 

excluded.

3. Outliers confirms the visual inspection of data, and confirmed 

by log/ SME.

Model is now build on mean values and explored (or alternative 

with X ID no as random factor to correct for duplicate 

measurements).

1

2

3



Fit full Model without outliers. Interpret and Reduce

• Common slope?

• Yes. ”TP*Batch no” not significant -> Reduce model

• Common intercept?

• No. Significant Batch no. differences



Use model to determine shelf life
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What is modelled shelf life at 15 ⁰C with confidence for each of the investigated batches?

1. Final reduced model on mean values. Can we live up to 

promised shelf life at 24 months?

2. Apply Prediction Profiler for each batch

3. Set T=15 ⁰C (corresponding to Arh(T)=1,67). Find TP where 

lower confidence limit cross acceptance criteria at 250.

For batch b shelf life is 28 month.

Repeat for all batches

1

2

3



Interpretation of Arrhenius shelf life model 
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How to interpret the coefficients?

Model parameters can be used understand and describe product, like 

activation energy and decay rate. This is used in formulation development

1. The Intercept is ln(average intercept), i.e. average batch at 

timepoint=0, is 𝑒6,278 = 532,4. (This is based on all data)

2. Batch is how much Ln(Result) deviate from Batch c (used as 

reference), i.e. batch a is 𝑒0.00869 = 1.00873 times batch C.

3. TP is the decay constant at T0 = 27.5°C, i.e. it decays 0.636% per 

month.

4. The activation energy can be derived: 𝐸𝑎 = 𝐿𝑛(
𝐴−𝐵+𝐶−𝐷

𝐴
) = 0.825

1

2

3

B

C

D

A

0.825 eV  

= 1,32 10 -̂19 Joule (simple unit conversion)

= 79,55 kJ/mol (multiplied with Avogadro’s constant 6,022*10^23)

4



Save model prediction limits (individual confidence limits)

• Master Decay Curve 

based on all data

• Introduce ongoing 

verification batches

• Fall inside limits/ 

normal decay?

Consider scaling batches to average 

intercept so independent of start value, and 

make two separate verification step: Start 

level (intercept) and decay (slope) 



Example case: Stability data

Question:

• What’s the risk of OOS on a single 

analysis in future batches if you have 

a shelf life of 18 months when the 

shelf life specification limit is 90%?

Answer:

• NC’s will indeed occur when 

evaluating on single point 

measurement (LSL within 95% limits 

for B) – as observed by looking at the 

Master decay curve

• Use instead decay curve to verify 

ongoing verification batches: Do they 

live up to normal decay?

A B

Yes, single points 

will fall below LSL. 



Assessment of stability studies – the NNE way

Y(T,t,B,RH)
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No
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No

Yes

Continued 

slope test



Note on “ASAP prime”

• Dedicated software platform (Accelerated Stability Assessment Programme)

• Probably very similar approach

• Applications seen from US BigPharma companies



Conclusions

• Data from Stability studies can be analyzed more efficient than current common practice

• The worst of 3 first batches approach is risky and random

• Combine collected data from all batches and storage conditions in one joint model system

• Robust solution that suppress measurement noise

• Use model system to estimate Master Decay Curve that describe the product’s stability

• For ongoing verification of new batches

• To determine release limits

• For comparison with new development / formulations

• Robust approach combining mechanistic knowledge and empirical modelling
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