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Approaches for Shelf Life determination
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Submissions of new pharmaceutical products (or Line Extensions) must include data showing

the stability of both Drug Substance(s) and Drug Product in the commercial primary packaging 

intended for the market. From a Regulatory perspective, the stability studies must be carried

relevant guidelines, namely:

 ICHQ1A(R2) Stability Testing of New Drug Substances and Products

in which the Applicant may find: Conditions & Timepoints to apply, Batch Selections, Climatic

zones, Evaluation, Specifications, discrimination among storage conditions, specific

requirements in case of semipermeable primary packs,etc..   

 ICH Q1E Evaluation for Stability Data

In which the Applicant my find the procedures & statistical considerations normally accepted by 

the authorities for extrapolation of Product Shelf Life (related to the indended Storage 

conditions)

 Just for Clinical Purposes, MHRA guideline – Points to consider when preparing the IMPD 

dossier



ICH Q1E, Appendix A
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Topics:

 Different evaluation (and extensions) 

for refrigerated products (2-8°C)

 Both long term (X) and accelerated

conditions must be evaluated in terms

of variability

 Normally the shelf life extension does

not exceed 1.5X or 2X (where X = 

period covered by long-term data), with 

a limitation of X+6 or X+12 months.

 It is applied for MA/Commercial 

purposes; it represents a limit for 

IMP shelf life prediction!



MHRA guideline for IMP
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Topics:

 Both long term (real-time) and 

accelerated conditions must be 

evaluated in terms of data&trends

 It is more flexible in terms of shelf life 

extension: as stated, it may be up to 4 

times the available real-time data to a 

max of 12 months OR 12 months plus 

the available real-time data.

 It is applied ONLY for Clinical Shelf

Life determination.



Technical limitation of the former 

guidelines…
• They are focused on thermal/hygrometrical conditions which normally

‘simulate’ the (extreme) environmental conditions

• Quality of the Drug Product is evaluated for coupled and fixed

combination of temperature and moisure (i.e. 40°C/75%RH,  

30°C/65%RH or 75%RH, 25°C/60%RH)

• Thus, these approaches cannot allow to define the interactive

effect of T & RH in terms of Drug Product quality
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A QbD method: ASAP concepts
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 A QbD Univariate approach for defining the relationship among

Quality Properties & Temperature is the Arrhenius equation, 

representing the starting point for the further Watermann bivariate

model (ASAP). Even if univariate, the Arrhenius equation is

applicable for lyo prods, liquids or solid packaged in impermeable

primary packaging (where RH effect is known a priori to be 

neglegible..)

 A QbD Bivariate approach consists in the Ken Watermann’s

equation, also called ASAP (Accelerated Stability Assessment

Program): the second factor RH (B coefficient) is added so to 

obtain, at least,  a 22 + 1 (CP) DoE model  

 A QbD Multivariate (>2 factors) may be built… but what about the 

prediction capability? (i.e. strength, composition, particle size of 

API,etc)



A QbD method: ASAP concepts

7

Equation’s factors & coefficients for DoE:

• Response: ln K equal to ln (slope) of the linear portion of the 

kinetics (at each condition tested)

• Ln A: model intercept

• 1/T (Kelvin degrees): first factor of the model

• -Ea/R: first factor’s coefficient

• ERH: second factor of the model (%Relative Humidity)

• B: second factor’s coefficient



A QbD method: ASAP concepts

Ln k is the response for each T/RH coordinate in the DoE. 

It represents the slope of the linearized kinetics followed

over the time for each T/RH trials. Following the 

Isoconversion rule, it is possible:

1. For a first-order kinetic, it ‘may’ be possible the 

linearization thorugh log function

2. To use only the linear portion of the kinetic (approach

adopted in our case study).

8



Case Study: Lercanidipine HCl 20 mg + Enalapril

Maleate 20 mg

• Recordati DP already on the market, ICH stability

data (also zone IV) as well as stress test 

stabilities available for comparison

• Most critical Degradation Product: DKP 

(Dichetopiperazyne)

• Pilot used for demonstrating the ASAP capability

to predict shelf lives in a shorter time.
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Lercanidipine HCl 20 mg + Enalapril Maleate 20 

mg: ASAP (DoE) conditions
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 Samples of Tablets from 3 

industrial batches were taken

 HPLC methods for Assay&Related

Imps validated

 Climatic Conditions 30/75 and 

40/75 were tested using ICH 

climatic chambers

 Other Climatic conditions were

prepared via saturated salt

solutions.

 Withdrawal of tablets samples

(at each condition) was carried

out DAILY for 2 weeks



Case Study: Lercanidipine HCl 20 mg + Enalapril

Maleate 20 mg, saturated salt solutions used
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Saturated Salt Solution have been evaluated & validated (Rotronic probes) before starting

the experiments.
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Case Study: Lercanidipine HCl 20 mg + Enalapril

Maleate 20 mg, timepoints for sampling

Timepoints sampled at

different conditions (obj: 

gather data on the linear 

portion of the kinetics)



Case Study: Lercanidipine HCl 20 mg + Enalapril

Maleate 20 mg, linear regression at each T/RH 

condition
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DKP% vs sampled timepoints: each

measure is the mean of 3 different

industrial batches. 



Case Study: Lercanidipine HCl 20 mg + Enalapril

Maleate 20 mg, model values

14

Slopes values (m) and related R2 at

each T/RH condition

Transformed values for DoE modeling
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Case Study: Lercanidipine HCl 20 mg + Enalapril

Maleate 20 mg, Graphs & Stat validation
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Case Study: Lercanidipine HCl 20 mg + Enalapril

Maleate 20 mg, External Validation

Empirical data at 40/75 open dish

lnK prediction at 40/75 carried out through ASAP
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Case Study: Lercanidipine HCl 20 mg + Enalapril

Maleate 20 mg, External Validation

• Predicted shelf life is approx -30% of the Actual one, for harsh conditions

(open dishes, 40/75). 

• In just 2 weeks, it would have been possible to assign a 8.5 months shelf

life (instead of 12 months) at 25°
• Normally, the ASAP model is a Worst Case if compared to actual shelf life 

data: this leads to assign cautelative shelf lives to IMP…



• ASAP is the only QbD method for the prediction of product (or API) 

shelf life, it is based on a bivariate model (T/RH)

• Even if ASAP is not currently accepted for MA submission, it was

accepted in some Phase I IMPD submission

• AAPS & FDA had recently organised a 2-day congress in US focused

on ‘new’ method for assessing DP Stability. ASAP was often quoted in 

the congress..

• R&D/Development phases: ASAP is a QbD tool useful to screen: 1) 

excipients effect in prototypes 2) primary packaging for 

clinical/commercial purposes, 3) lead candidates (among prototypes) 

to be moved forward for clinical purposes, etc..
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Conclusion



Thanks for your attention!
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