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Confidence – Critical to Batch Release

Application of ASTM E2709
Standard Practice for Demonstrating Capability to Comply with a Lot 

Acceptance Procedure

and Its Relationship to USP Standards
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Product Research

• Stability Failures 

– Research into dissolution data provided in 

application annual reports

– Data indicated periodic specification failures 

with no degradation trend

– No correlation of failures with age of the 

product
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Pattern

• Large batch sizes

• Small sample sizes for testing

• Periodic test failures

• This is a pattern expected for a process 
with a systematic variable output
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Plausible Explanation

• The batches are released with samples 
too small for characterizing variability. 

• With time, the stability data adds 
information and reveals the variability of 
initial production.

• This variability results in occasional 
failures of dissolution on stability.

• Dissolution is sensitive to this variability 
because it is a test of single dosage units.
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Supporting Information

• This variability is expected to cause 
occasional failing batches.

– Infrequent

– Lack of clear cause

– A pattern reliable enough to consider it a 

business cost
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Standard History

• ASTM E2709 was published in September 2009 through committee 
E11 - Quality and Statistics

• This methodology computes, at a prescribed confidence 
level, a lower bound on the probability of passing a lot 
evaluation/acceptance procedure

• A work item was approved and opened in July 2010 (Specific to 
USP Uniformity of Dosage Units) through committee E55 –
Manufacture of Pharmaceuticals 

• This practice computes, at a prescribed confidence level, a 
lower bound on the probability of passing the USP Uniformity 
of Dosage Units test

• Future Plans

– Develop pharmaceutical specific standards within ASTM E55 
that are applicable to numerous USP standards (e.g. 
Dissolution)
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Background

• Developed in Mid 80’s by James Bergum (1)

– Shows Specific Quality Attributes will meet associated 
Market Standards (USP)

– Valid for any processing step where an acceptance criteria 
is specified 

• The procedure (E2709) computes, at a prescribed confidence 
level, a lower bound on the probability of passing USP 
standards and/or any other specification/acceptance criteria.

– An acceptance limit table can also be generated that 
states what the maximum RSD values are for each 
specific mean given the pre-specified sample size, 
confidence and probability.

(1) Bergum, J.S., “Constructing Acceptance Limits for Multiple Stage Tests”.  Drug 

Development and Industrial Pharmacy, Vol 16, No 14, 1990, pp.2153-2166.
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Statistical Power

• The ability of a method/test to detect an actual effect or difference

• The Journal of Pharmaceutical Innovation published an article in
March 2009 (2)

• Simulation study was performed to investigate the statistical power 
of the revised USP<905> and E2709’s acceptance limits

• Conclusions

– “USP<905> is relatively insensitive to detecting non-conforming 
material”

• “Lots were not consistently rejected until defect>20%”

– “E2709 was highly effective in identifying nonconforming 
material”

• “Did not make an incorrect inference in over 11,000 
simulation trials”

(2)Lunney, P.D., Anderson, C.A., “Investigation of the Statistical Power of the Content 
Uniformity Tests Using Simulation Studies”, Journal of Pharmaceutical Innovation, pp 
24-35, 13March2009.
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Justification for Standard

• Provides high confidence that batch meets regulatory standard
• Provides more confidence with increased sample size.

– Manufacturer’s may want to sample more than the USP standards require, but 
still want to make some sort of inference regarding the market standard.

• Tied directly to regulatory requirements.
– 211.110(a) – Examination and testing of samples shall assure that the 

drug product and in-process material conform to specifications
– 211.160(b) – Establishment of scientifically sound and appropriate 

specifications
– 211.165(d) – Sampling plan must result in statistical confidence for 

release/distribution
• Meets expectations set forth by the Draft Validation Guidance

– Detecting process drift
– Inter/Intra batch variability characterization

– ↑Sampling → ↑Process Knowledge → ↓Risk
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Final Statistical Statement

• Probability that a future sample pass the 
USP standard

• Example: With 99% confidence, a future 
standard sample taken from the batch has 
greater than a 99% chance of passing the 
USP market standard.
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Acceptance Limit Table for USP Content 

Uniformity Test
99% Confidence Interval, 99% Probability 

n=30

2.26105

2.82102.5

3.40100

2.9797.5

2.5095

RSD (%)Sample Mean

Meeting Relative Standard Deviation (RSD) Limit assures, with 99% confidence, 

that a future standard sample taken from the batch has greater than a 99% 
chance of passing the USP Content Uniformity test.
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Message

• As the measured average value 
approaches the target

– More variability can be tolerated

– More assurance we have of 
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USP UDU Test
95% Lower Bound Contour
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Strategy – Part 1

1. Select Testing Standard

2. Assume probability distribution for individual 
observations (ex: Normal with parameters µ (Mu) & σ
(Sigma))

3. Assuming known distribution parameters, 
mathematically derive the Lower Probability 
Bound for each stage.  This may also be done 
by simulation. (Note: Each stage may have 
multiple criteria!) – This is the hard part!

4. Lower probability bound for overall test is the 
maximum of the individual stage lower bounds
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Example – USP UDU Test

• Stage 1
– Collect random sample of 10 units from lot

– Express results as percent of target

– Criteria

• Acceptance Value: |M - X| + 2.4s ≤ 15%

• Otherwise, continue to stage 2

• Stage 2
– Collect an additional 20 units from lot

– Express results as percent of target

– Criteria

• Pass if 

– Acceptance Value: |M - X| + 2.0s <= 15% 

– All 30 individual results are between 75% and 125% Target

• Otherwise, fail test.
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Simulation with Calculation
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Strategy – Part 2

5. Select Sampling Plan (1 or 2).

6. Construct confidence interval for the sample that was 
taken based on user defined confidence level.

7. It must fall completely below the specified lower 
bound.

8. If the confidence interval is contained within the lower 
bound, then you meet the assurance requirements of 
the standard. 

9. An acceptance limit table can be generated by finding 
the largest standard deviation for a fixed sample mean 
such that the resulting confidence interval remains 
below the pre-specified lower bound.
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USP UDU Test Lower Bound with 
Confidence Interval
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Picking a “n” for E2709 Application

• Manufacturers should not use compendial 
specified sample size

• Lot size should not dictate how big or 
small the sample size is.

• Sample size should be based upon 
process average and variability estimates.
– Confidence bounds around estimates?

• The larger the sample size that is chosen, 
the larger will be the acceptance region.
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Acceptance Limits
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Acceptance Limit Table for 
Multiple Sample Sizes - UDU
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Message

• Higher confidence in batch measurement

– Allows higher toleration of variability

– Allows higher toleration of being away from 

the target
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SAS Acceptance Limit Table  
Dissolution
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Message

• As the results get farter away from the 
edge of failure

– Larger variability is tolerated

• Same is true for Uniformity of Dosage Unit 
Testing (UDU)
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SAS Acceptance Limit Table 
UDU
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Variability / Sample Size 
Relationship
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S
a
m

p
le

 S
iz

e

90%

95%

100% (Target)



27

% Nonconforming / Sample Size 
Relationship

Desired % nonconforming
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Impact

• Specifications may begin to look more like 
lower bound plots and less like simple 
ranges

– Incorporates the realities of releasing units 

that have not been directly tested

– Does not assume perfection in the 

measurement of batch quality
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Impact

• Concept of meeting specification

– May begin to include estimates of statistical 

confidence as part of CGMP

– This will reveal advantages to operation in a 

measurement based situation

– This will lead to PAT implementations
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Contact

Jon Clark

Alex Viehmann

FDA/CDER/OPS/PARS

White Oak, Building 51, Room 4151

301-796-3716

alex.viehmann@fda.hhs.gov

jon.clark@fda.hhs.gov


