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Uniformity is everywhere

Uniformity is a matter of 
Standardization



Mixing vs. 
Segregation

Dry-Mix

Granulation



FDA Process 
Validation 
Guideline

ICH 
Q8/Q9/Q10

FDA Process 
Validation: 

General 
Principles 

and Practices

EU GMP 
Annex 15 
Revision

Continued 
Process 

Verification 
maturity

ICH Q12 / 
digital 

validation 
trends

1987 2004–2010 2011 2015 2016-2025 CURRENT

Qualification of three 
commercial batches Quality by Design Lifecycle approach Lifecycle and risk-

based validation 
adopted in EU

Emphasis on CPV, 
Statistical monitoring

"How can we 
improve the 

validated process 
efficiently?"

"Can the process 
make acceptable 

product?"

Risk Management
Process Design → PPQ 

→ CPV

Process Validation Regulation



Period FDA

<2007 n=10+20 Each Ind. 90.0-110.0% 
RSD<5.0%

2007-
2014

n=10+20 Each Ind. 90.0-110.0% 
from AVG.
RSD<5.0%

2014- 
Today

n=10
n=30

SD<3.0%
SD<5.0%

Period EMA

<2004 n=10 AVG: 90-110% of LC
Each Ind.: 85-115% of LC

2004-2017

n=10 <1 Ind. outside 85-115% from 
AVG. 
All Ind. 75-125% from AVG.

n=30 <3 Ind. outside 85-115% from 
AVG. 
All Ind. 75-125% from AVG.

2017- 
Today

n=10
n=30

SD<3.0%
SD<5.0%

Blend Uniformity Specifications Evolution 

▪ No limits on the actual Average or Individual content of the blend 

▪ Monitoring the variability of Individual Content results wrt. the Average Content  



CFR Mixing Adequacy Requirement

However, the CFR does not prescribe HOW to 
demonstrate mixing adequacy



Thief Sampling; The Classical Approach



Powder sample 
(1X-3X)

Compressed core 
Weight Correction

Compressed core
Label Claim

Assay , % of Target Assay , % LC Assay , % WC

Lab Result, 95.0% Lab Result, 99.1% 𝑨𝒔𝒔𝒂𝒚 (𝑾𝑪) = 𝑨𝒔𝒔𝒂𝒚 (𝑳𝑪) ×
𝑻𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 𝒄𝒐𝒓𝒆 𝒘𝒆𝒊𝒈𝒉𝒕

𝑰𝒏𝒅. 𝒄𝒐𝒓𝒆 𝒘𝒆𝒊𝒈𝒉𝒕

240 mg
260 mg

LC= 99.1%
WC=103.2%

250 mg per 
Recipe

LC= 99.1%
WC=95.3%

2003



Draft 
Guidance 

2003

*20 locations

Withdrawn in 
2013 due to 
limited stat. 

sampling

1*10 locations-→3*10



Gives each unit an
app. equal 
probability of being 
chosen (e.g. QC 
sample)

Partition the batch 
into “strata”
(e.g., 1/20). The 
combination
of all strata must 
cover the entire 
batch. Random
sampling is 
performed within 
each stratum

Taking a sample(s) at
equal intervals 
throughout the 
batch typically by 
total number
of dosage units or 
manufacturing time

Sampling Approaches



Sampling Approaches- Cont’d

So, let’s implement systematic sampling in practice..



ISPE Recommendation for BU and CU Evaluation in Validation Batches 

2015



Powder sample 
(1X-3X)

Compressed core 
Weight Correction

Compressed core
Label Claim

Blend Uniformity 
Evaluation

Content Uniformity 
Assessment

Blend Uniformity 
Assessment

Proving Mixing Adequacy Prediction for passing USP 905 Proving Mixing Adequacy 

SD< 3.0% for 10/15 units
SD <5.0% for 30/45 units

90% Confidence level for 95% Coverage 
based on ASTM E2709/E2870

90% Confidence level for 95% Coverage 
based on ASTM E2709/E2870



ISPE SP 1 Vs. SP 2

Sampling Plan 1 : 1 unit per location

Sampling Plan 2 : >1 unit per location

𝑆𝐷 between location = 𝑆𝐷( ҧ𝑥𝑖)

𝑆𝐷 within location

= 𝑣𝑎𝑟 ሶⅈ𝑎𝑛𝑐e

Variance 
per 
subgroup

Within and Between Location Variances 

A
SS

A
Y

Location



ISPE Rec. for BU and CU Evaluation in Validation Batches- Blend Stage

Sample No. Sampling Size Acceptance Criteria

1B-10B
10x3 sets

1X-3X mg

Stage 1     SD10≤ 3.0%  if met go to Tier 1 

                                          if failed go to Stage 2.1

Stage 2.1  SD30≤ 3.0%  if met go to Tier 1 

                                          if failed go to Stage 2.2

Stage 2.2  3.1%≤ SD30≤ 5.0% of target  

                                      If met go to Tier 2 

                                          If failed – 

                                          Investigate applying VCA



ISPE Rec. for BU and CU Evaluation in Validation Batches- DU Stage 
Samp
No. Parameter Sample Size & Intervals Acceptance criteria

1
C

-2
0

C

Blend and 

Content 

Uniformity 

Assessment 

on

Assay, % 

Label Claim 

(LC), & 

Weight 

Corrected 

(WC)

Tier 1 (30 units)

3 DUs (tablets) from the 

following location:

1C (Start), 3C, 5C, 7C, 9C, 

10C, 12C, 16C, 18C, 20C 

(End).

Assay, %LC, %WC

Sampling Plan 2 10x3

Assay, %LC and %WC for 3 DUs 

- Sample Overall Mean

- Between locations SD.

- Within location SD.

Acceptance criteria:

❖ All individual values of Assay, %LC within 75.0-

125.0%. 

❖ ASTM E2709/2810 statistical criteria for passing Ph. 

Eur. 2.9.40  with 90% confidence for 95% coverage 

on Sampling Plan 2 (10x3). 

       if failed, go to Tier 2

Tier 2 (60 units)

3 DUs from remaining 
locations:
2C, 4C, 6C, 8C, 11C, 13C, 
14C, 15C, 17C, 19C.

Assay, %LC, %WC
Total: 10x3 (Tier 1) + 
10x3=20x3=60 DUs

Sampling Plan 2 20x3

See above 
 



ASTM E2709/E2810 Acceptance Limit Tables
Sampling Plan 1; 90%CL/95% Coverage

n 30

SD 4.40%

Average 99.7 - 100.3%

n 60

SD 4.40%

Average 97.9 - 102.1%



ASTM E2709/E2810 Acceptance Limit Tables
Sampling Plan 2; 10*3; 90%CL/95% Coverage

n 10*3=30

SD between 0.6%

SD within 1.1%

Average 87.8 - 112.2%

Between Location

W
it

h
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o
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o
n



ISPE Rec. for BU and CU Evaluation in Validation Batches- VCA

Sample No. Sampling Size Acceptance Criteria

1B-10B
10x3 sets

1X=3X mg

Stage 1     SD10≤ 3.0%  if met go to Tier 1 

                                          if failed go to Stage 2.1

Stage 2.1  SD30≤ 3.0%  if met go to Tier 1 

                                          if failed go to Stage 2.2

Stage 2.2  3.1%≤ SD30≤ 5.0% of target  

                                      If met go to Tier 2 

                                          If failed – 

                                          Investigate applying VCA



Variance Component Analysis (VCA)

LSL

USL

70.0

75.0

80.0
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Location No. 

• Between location- 
Variability across sampling 
locations

• Within location -Variability 
across replicate samples 
within a single location

1995



Blend SD Dosage Unit SD Interpretation

Within 
Location

Between 
Location

Within 
Location

Between 
Location

Low Low Low Low Uniform

Low Low Low High
Segregation during 

compression

Low Low High Low
Agglomeration.

Poor flow

Low Low High High
Significant Segregation 
and/or Agglomeration

Blend SD Dosage Unit SD Interpretation

Within 
Location

Between 
Location

Within 
Location

Between 
Location

High Low Low High
Sampling 

Bias/Agglomeration

High High Low Low

Sampling Bias/blend 
not uniform and 

downstream process 
results in uniformity

Variance Component Analysis (VCA)- Cont’d

Vs.



Sampling Bias!

Example: Dry-Mix VCA- Cont’d

BY081023 VCA Outcome

Blend Dosage Unit Interpretation

Within 
Location

Between 
Location

Within 
Location

Between 
Location

Either the blend is not 
uniform and downstream 
processing (e.g., milling) 
results in uniformity, 
or the blend data are 
biased due to sampling 
technique/ error

4.0 3.5 1.1 0.9

High High Low Low

Vs.



ISPE Rec. for BU and CU Evaluation in Routine Batches

Change from 90% 
confidence for 95% 
coverage to 50% 
confidence for 95% 
coverage



Uniformity is involved in all Process Validation Stages

Stage 1- Process 
Design

Stage 2- Process 
Qualification 

(Initial/Changes)

Stage 3- Continued 
Process Verification

• Blend Uniformity
• Blend Uniformity Assessment
• Content Uniformity
• Content Uniformity Assessment
• 90% CI/95% Coverage

• Blend Uniformity
• Blend Uniformity Assessment
• Content Uniformity
• Content Uniformity Assessment
• 90% CI/95% Coverage

• Blend Uniformity Assessment 
• Content Uniformity Assessment 
• 90% CI/95% Coverage

Routine Production 

• Blend Uniformity Assessment 
• 50% CI/95% Coverage
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