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D 
etermination of probability of meeting content 
uniformity (CU) is part of process validation of 
unit dosage forms. ASTM E2709–09 (1) provides 
standard procedure for calculation of lower bound 

(LB) probability of passing multiple-stage tests, such as uni-
formity of dosage units (content uniformity) and dissolu-
tion (immediate release). ASTM E2810–11 (2) procedure is 
dedicated to content uniformity and also provides tables for 
determining probability as not less than (NLT) 95%. The In-
ternational Society for Pharmaceutical Engineering (ISPE) (3) 
also publishes the same kind of tables for content uniformity. 
However, the final conclusion is only that the probability is 
not less than 95% (i.e., no exact numerical value). The tables 
or exact probability values may be composed or computed 
as required by validation scientists using SAS, R, or even 
MS Excel programs (4,5). However, it is the validation unit’s 
responsibility to keep in mind that calculation on those pro-
grams will also require spreadsheet validation. 

One point of concern is that using probability of meeting 
CU alone may lead to releasing future batches with relatively 
low conforming rate. For example, using the CU probability 
limit NLT 95% may lead to releasing few batches with lot 
coverage of 98.40% (Figure 1) (i.e., more than 1% of the batch 
will exceed the working acceptance range of 85–115% of 
label claim [% LC]). Furthermore, if the probability limit is 
established at NLT 90%, the lot coverage may be decreased 
to 97.93% for CU (Figure 1) where the situation is even worse. 
It may be acceptable, however, if it is demonstrated that all 
of the dosage units are still within the absolute range of 75–
125% LC. So the probability limit NLT 95% may be used as 
it was as far as another acceptance criterion such as working 
lot coverage limit is properly applied where it does guarantee 
that the absolute range requirements are met. 

Lot coverage (6) (e.g., CU data) may be defined as the 
proportion (p) or percentage (P) of the dosage units in the 
batch that falls between 85 and 115% LC calculated using the 
upper and lower bounds for mean and standard deviation 
(SD) as applicable (see Figure 2). In this article:
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Determining the Best Estimate 
of Probability of Passing 
Multiple Stage Tests:  
Part 1–Content Uniformity

This article introduces a practical approach to 
determining the best estimate for probability 
of passing uniformity of dosage units (content 
uniformity) using Probability vs. Lot Coverage 
Charts and Tables constructed using simulated 
probability and lot coverage (LC1) data. The 
best estimation concept is to demonstrate that 
the probability estimates, especially for those 
approaching 100%, are slightly different (deviated) 
from the exact calculated values by not more than 
(NMT) the statistically acceptable deviation limits.
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•	 Lot coverage over 85–115% of LC 
is denoted as LC1, where their 
working acceptance limit of NLT 
99.00% is introduced. 

•	 Lot coverage over 75–125% of LC 
is denoted as LC2, where their 
working acceptance limit of NLT 
99.90% is introduced. 

For CU, the minimum correspond-
ing LC2 for LC1 NLT 99.00% is 99.999%. 
Its justification is illustrated in Figure 3, 
where release of batches with higher 
conforming rate is guaranteed. 

This article introduces a practical 
approach to determination of the best 
estimate for probability of passing uni-

formity of dosage units (content unifor-
mity) using probability vs. lot coverage 
charts and tables constructed using 
simulated probability and lot coverage 
(LC1) data. The best estimation con-
cept is to demonstrate that the prob-
ability estimates, especially for those 
approaching 100%, are slightly differ-
ent (deviated) from the exact calculated 
values by NMT the statistically accept-
able deviation limits. 

Simulation study on  
probability vs. lot coverage (LC1)
The shortcut to find out correlation 
between probability and LC1 statis-
tics is to conduct a series of simulation 
study trials. The two data generated are 
plotted to construct charts to see their 
relationship. Reliability of the charts is 
to be demonstrated through reproduc-
ibility of the chart features (i.e., abil-
ity to produce at least three identical 
features). The key data (two decimal 
places) are selected, arranged and tab-
ulated in Table I and Table II. Prior to use 
of the tables, all of the tabulated data 
are compared with the computed values 
(probability) and their deviation (differ-
ence) results are reviewed and found ac-
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Figure 1. Probability vs. lot coverage chart: content uniformity (n = 30).

n = 30
M = 99.50
S = 3.22

ZU = (USL-µ)/s ZL = (LSL-µ)/s

ZUU = (115-100.96)/4.11 = 3.42

ZLU = (85-100.96)/4.11 = -3.88

PU = P(3.42)-P(-3.88) = 99.96%

ZUL = 4.13 ZLL = -3.17

PL = P(4.13)-P(-3.17) = 99.92%

Lot Coverage = MIN(PU,PL) = 99.92%

SUB = F1.S = 4.11

MUB = M+F2.S = 100.96

MLB = M-F2.S = 98.04

F1 = 1.277 (n = 30)
F2 = 0.454 (n = 30)

In Excel: P(4.13)-P(-3.17) = NORMSDIST(4.13)-NORMSDIST(-3.17) = 99.92%

Figure 2. Lot coverage 1 calculation example: content uniformity (n = 30)
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ceptable where the maximum and and 
minimum values, provided below the 
tables, are 0.006% and 0.000%, respec-

tively (n = 30). If the tabulated data have 
four decimal places, all the deviations 
would be zero (0.000%). This confirms 

that the tabulated data are completely 
correct. The probability estimation ex-
amples are demonstrated in Table III. 

All of the charts and tables in this 
article are constructed from data gen-
erated by simulation study trials using 
MS Excel program (.xlsm). For example, 
Figure 1 is constructed from LC1 data for 
probability values fixed at 90% and 95%. 
While Figure 4 is vice versa from proba-
bility data for LC1 values fixed at 99.00 
and 99.50%. 

Probability vs. lot  
coverage (LC1) relationship
The relationship between probability 
and LC1 is illustrated in Figure 4 and Fig-
ure 5 using simulated data as earlier dis-
cussed. Note that 98.84%, 97.55%, and 
97.44% in the two figures are arranged 
in different sectional views. Some crit-
ical data from Figure 5 are tabulated in 
Table I and Table II  for critical data from 
separate trials (covering relevant valida-
tion sample sizes n = 30/70 and 60/140), 
where these data can be used for esti-
mation of probability values. Table IV is 
intended to evaluate for acceptability 
between the estimated and computed 
values (i.e., demonstrate that the max-
imum percentage deviations are sat-
isfactorily acceptable). For estimation 
example (see Table III), because LC1 is 
99.35% (CU, n = 30), probability esti-
mate is 98.90%, while computed value 
is 99.29%, and deviation is 0.39%. 

Note that when examining Figure 1 
and Figure 4, the solid line curves do not 
look smooth (even in ‘smoothed line’ 
mode of the program). This is due to the 
fact that the AV formula (
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] is more than 101.5 or less 
than 98.5, use the reference value [M] 
equal to 101.5 or 98.5, respectively, no 
matter what the mean value is). This 
will result in lower biased probability 
values, especially when CU sample 
means are approximately 101.50 or 
98.50% LC (7). 

Estimation of probability  
using probability vs. LC1 table
To estimate the CU probability one 
must follow the scenario thusly: if 

Table I. Probability–content uniformity (CU) vs. lot coverage (LC) data table:  
N = 30 and 70.

Descriptions Probability CU (%): n = 30

CU mean (% LC)
95.00 96.00 97.00 98.00 99.00 100.00

105.00 104.00 103.00 102.00 101.00 100.00

L
o

t 
co

ve
ra

g
e 

1
(8

5
–1

15
%

 L
C

)

99.000 98.84 98.46 98.07 97.69 97.44 97.55

99.125 99.26 99.00 98.73 98.45 98.26 98.32

99.250 99.57 99.41 99.23 99.04 98.90 98.94

99.375 99.78 99.69 99.58 99.47 99.38 99.39

99.500 99.91 99.86 99.81 99.75 99.70 99.70

99.625 99.97 99.95 99.93 99.91 99.89 99.89

99.750 99.99 99.99 99.99 99.98 99.97 99.97

99.875 100.00 100.00 100.00 100.00 100.00 100.00

100.000 100.00 100.00 100.00 100.00 100.00 100.00

Deviation test results: Maximum = 0.006%, minimum = 0.000%.

Descriptions Probability CU (%): n = 70

CU mean (% LC)
95.00 96.00 97.00 98.50 99.00 100.00

105.00 104.00 103.00 101.50 101.00 100.00

L
o

t 
co

ve
ra

g
e 

1
(8

5
–1

15
%

 L
C

)

99.000 98.66 98.26 97.84 97.43 97.47 97.78

99.125 99.14 98.86 98.57 98.25 98.27 98.49

99.250 99.50 99.32 99.12 98.90 98.90 99.05

99.375 99.74 99.64 99.52 99.37 99.37 99.46

99.500 99.89 99.84 99.78 99.70 99.69 99.73

99.625 99.96 99.95 99.92 99.89 99.88 99.90

99.750 99.99 99.99 99.98 99.97 99.97 99.97

99.875 100.00 100.00 100.00 100.00 100.00 100.00

100.000 100.00 100.00 100.00 100.00 100.00 100.00

Deviation test results: Maximum = 0.005%, minimum = 0.000%.

Figure 3. Lot coverages 1 and 2 relationship: content uniformity (n = 30).
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mean is 99.5 and LC1 99.35 (SD = 
3.9726) with the light blue (see Table 
III) as the estimation area with 4 

probability data, then you will find 
out the minimum, which, in this case, 
is 98.90% (i.e., the probability esti-

mate is NLT 98.90%). This implies 
that when mean is between 99 and 
100 and LC1 is between 99.25 and 
99.50, the estimate result is the same 
(i.e., 98.90%). It is unavoidable that 
the estimated (minimum-based) and 
computed (exact) values may often be 
different (deviated). 

The approach to achieving accept-
ability of deviation magnitude is by 
generating critical deviation values 
(determined at 95% and 50% cover-
ages) using the simulated deviation 
data (N = 20,000 for each sample size), 
summarizing those values in Table IV 
and Figure 6, and evaluating whether or 
not they are acceptable. From Table IV 
(for example), the 95% coverage point 
(critical value) is 0.60% (n = 30) (i.e., 
the deviation values NMT 0.60% will 
occur 95% of the time, which is ac-
ceptable [i.e., 5% of the data (1000 
out of 20,000) are between 0.60% and 
0.82%]). Because no calculation is 
used, the term ‘estimation’ is applied 
rather than ‘calculation’ of probability 
in this article. 

Probability and lot  
coverage (LC1) distributions
Sampling distribution of probability 
statistics (data) generated using sam-
ple size n = 30 is illustrated in Figure 7, 
which supposes that lot CpK for CU 
data is 1.33. Meanwhile, sampling 
distribution of LC1 data generated 
using the same sample size (n = 30) is 
also illustrated in Figure 8. From those 
average data (probability and LC1) in 
Table V, where some data are repro-
duced from the two figures, one may 
apply the summarization that lot CpK, 
on average, is NLT 1.33 if the LC1 av-
erage (from all process performance 
qua l i f icat ion/process va l idat ion 
(PPQ/PV) batches) is NLT (e.g., CU, 
n = 30) 99.43%. Therefore, in addition 
to acceptance criteria in each PPQ/PV 
batch, this average requirement for all 
PPQ/PV batches may need to be ap-
plied accordingly. 

In Figure 7, sampling plan 1 using 
n = 30 looks justif ied because the 
probability value at 95% (probability 
limit) has a distribution coverage up 

Table II. Probability–Content uniformity (CU) vs. lot coverage (LC) data table: 
N = 60 and 140. NLT is not less than. SD is standard deviation.

Descriptions Probability CU (%): n = 60

CU mean (% LC)
95.00 96.00 97.00 98.50 99.00 100.00

105.00 104.00 103.00 101.50 101.00 100.00

L
o

t 
co

ve
ra

g
e 

1
(8

5
–1

15
%

 L
C

)

99.000 98.69 98.29 97.88 97.44 97.45 97.75

99.125 99.16 98.88 98.59 98.26 98.26 98.47

99.250 99.51 99.33 99.14 98.90 98.89 99.03

99.375 99.75 99.64 99.53 99.38 99.37 99.45

99.500 99.89 99.84 99.78 99.70 99.69 99.73

99.625 99.96 99.95 99.92 99.89 99.89 99.89

99.750 99.99 99.99 99.98 99.97 99.97 99.97

99.875 100.00 100.00 100.00 100.00 100.00 100.00

100.000 100.00 100.00 100.00 100.00 100.00 100.00

Deviation test results: Maximum = 0.009%, minimum = 0.000%.

Descriptions Probability CU (%): n = 140

CU mean (% LC)
95.00 96.00 97.00 98.00 99.00 100.00

105.00 104.00 103.00 102.00 101.00 100.00

L
o

t 
co

ve
ra

g
e 

1
(8

5
–1

15
%

 L
C

)

99.000 98.55 98.13 97.71 97.44 97.56 97.90

99.125 99.07 98.77 98.47 98.26 98.33 98.58

99.250 99.45 99.26 99.06 98.91 98.94 99.11

99.375 99.71 99.60 99.48 99.38 99.39 99.50

99.500 99.88 99.82 99.76 99.70 99.70 99.75

99.625 99.96 99.94 99.91 99.89 99.88 99.90

99.750 99.99 99.99 99.98 99.97 99.97 99.97

99.875 100.00 100.00 100.00 100.00 100.00 100.00

100.000 100.00 100.00 100.00 100.00 100.00 100.00

Deviation test results: Maximum = 0.005%, minimum = 0.000%.

Figure 4. Probability vs. lot coverage chart: n = 30 (cross-section view).
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to 88.72% (approaching 90%). For n 
< 30 such as 20, 95% probability has 
the coverage up to approximately 64%, 
which is rather low and not justified, 
while that for n = 60 has the distribu-
tion coverage up to 99.92%. This sug-
gests that the minimum sample size n 
= 30 is justified for the CU sampling 
plan. However, it also depends on po-
tency strengths (of dosage units), ma-
chine speeds, and batch sizes where the 
sampling/testing plan involved may be 
n = 60/140 rather than 30/70. 

Summary on estimation  
of probability values
The step-by-step brief procedure for 
probability estimation is as follows: 

•	 Compute lot coverage (LC1) value 
as demonstrated in Figure 2 and 
Table VI, LC1 limit: NLT 99.00%.

•	 Determine probability estimate 
using Table I, Table II, and Table III.

•	 After successful PPQ/PV batches, 
LC1 average may be used to deter-
mine whether or not lot CpK on 
average is NLT 1.33 as tabulated 
in Table V. Use of probability esti-
mate average is not recommended 
because it is the estimated, not the 
exact value. The probability esti-
mate average data in Table V are 
intended for information only.

Sampling plan 
The sampling plan (SP) involved in 
this article is sampling plan 1 (SP1–1xL 
is to take 1 unit from each of L loca-
tions throughout a dosage forming 
process such as tablet compression or 
capsule filling), while sampling plan 2 
is much more complicated in calcula-
tion (SP2–nxL is taking n units [n > 1] 
from each of L locations). To facilitate 
ease of calculation, it is possible that 
SP2 can be designed such that nxL is 
composed of nx(1xL). For example, in 
CU, if SP2 is 7x10 (nxL), instead of 
taking seven units from each of 10 lo-
cation points (snapshot sampling), one 
may take one unit every few seconds 
(may be longer or shorter depending 
on machine speed) from the process 
until seven units are collected (i.e., 
seven units from each ‘location range’ 

Table III. Estimation examples: N = 30 and 70. CU is content uniformity. LC1 
is lot coverage 1. NLT is not less than. SD is standard deviation.

Descriptions
Example # 1 (n = 30)

Mean = 99.50%, LC1 = 99.35%
Example # 2 (n = 70)

Mean = 103.25%, LC1 = 99.35%

CU mean (% LC) 99.00 99.50 100.00 104.00 103.25 103.00

LC
1 

(8
5

–1
15

%
 L

C
)

99.250 % 98.90 - 98.94 99.32 - 99.12

99.350 % - 98.90 - - 99.12 -

99.375 % 99.38 - 99.39 99.64 - 99.52

Example # 1: Probability is estimated to NLT 98.90% (may be rounded 
to 99%). Computed probability result is 99.29% using mean = 99.5 and 
SD = 3.9726 (0.39% deviation).

Example # 2: Probability is estimated to NLT 99.12% (may be rounded 
to 99%). Computed probability result is 99.49% using mean = 103.25 
and SD = 3.7181 (0.37% deviation).

Table IV. Critical probability deviation values. LC is lot coverage.

Lot coverage  
1 range (%)

Sample 
sizes (N)

Probability deviation (%)

Maximum
95% 

coverage 
point

Average
50% 

coverage 
point

Minimum

99.00–100.00

30 0.82 0.60 0.16 0.03 0.00

60 0.93 0.21 0.06 0.04 0.00

70 0.77 0.17 0.05 0.03 0.00

140 0.67 0.18 0.06 0.05 0.00

In a series of simulation trials (N = 20,000 for each sample size), individual 
deviation data are generated under condition that mean and LC1 data are 
between 95.00–100.00% LC and 99–100% respectively. ‘95% coverage 
point’ is the maximum value of 95% of 20,000 data (19,000) ranking from the 
minimum 0.00%. ‘50% coverage point’ is described in the same manner. 
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Figure 5. Probability vs. lot coverage chart: n = 30 (side-section view).
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[short interval sampling]). Continue 
until 10 location ranges are complete. 
So each of the 10 sample containers 
will contain seven units (practically, 
at least seven units) individually and 
sequentially taken where the testing 
plan may follow SP1. 

For coated bulk tablets in coating 
machines (coating is finished) or bulk 
containers, SP1 can be performed 
more easily because the coated tablets 
are uniformly distributed during the 
coating process. So even if SP2 is per-
formed, the samples themselves would 
not practically differ from those in 
SP1. The samples taken may be tested 

for content uniformity as required if 
the amount of samples is sufficient. 

Case study
Content uniformity: A set of content 
uniformity data (n = 30) has mean 
(M) and SD (S) of 102.40 and 2.95% 
LC, respectively. Determine the prob-
ability of passing content uniformity 
as follows: 

•	 Compute the upper bound (UB) 
and lower bound (LB) for mean 
and UB for SD, following Figure 2 
and Table VI (F1 = 1.277, F2 = 0.454): 
UB for mean = 102.4+0.4544x2.95 
= 103.74, LB for mean = 102.4-

0.4544x2.95 = 101.06, UB for S = 
1.2772x2.95 = 3.77.

•	 Compute lot coverage 1 (LC1): 
ZUU = (115-103.74)/3.77 = 2.99, 
ZLU = (85-103.74)/3.77 = -4.97, 
Z U L = 3.70, Z LL = -4.26, and 
LC1 result = MIN(P(2.99)-P(-
4.97),P(3.70)-P(-4.26)) = 99.86% 
(using basic Excel formula (for 
example), P(2.99) = NORMS-
DIST(2.99) = 99.86%). 

•	 Determine probability estimate: 
Estimate result is 99.98% (see gray 
area in Table I), while the com-
puted result is 100% (99.998%). 

•	 Conclusion: Passed. Because 
LC1 and probability estimate are 
99.86% (limit NLT 99.00%) and 
100% (rounded from 99.98%; limit 
NLT 95%), respectively. If the 
LC1 average of PPQ/PV batches 
is 99.80% (limit NLT 99.43%; see 
Table V), then the lot CpK, on av-
erage, is NLT 1.33. 

•	 Note: When determining whether 
or not to use ISPE’s ASTM E2709/
E2810 tables, consider that if the 
mean is 102.4, then the SD (limit) 
will be 3.841, meaning the prob-
ability will be determined to be 
NLT 95% because the given SD 
(2.95) is less than the limit (3.841) 
(i.e., no numerial result). 

•	 For information: If the CU average 
(mean) limit in acceptance crite-
ria is, say, 95–105% LC, then the 
percentage lot coverage for mean 
data (n = 30) may be computed 
in the same manner using UB for 
SM (SM: S for mean data) equal to 
3.77/30^0.5 or 0.69. The LC for CU 
mean result is 96.64% (i.e., at least 
96.64% of CU mean data [n = 30] 
stay within 95 and 105% LC). 

Conclusion
Batch quality performance cannot be 
judged by using only a probability of 
passing uniformity of dosage units 
(content uniformity) test or any other 
multiple-stage tests, but should also 
involve batch-conforming rate (such 
as lot coverage) tests, as long as the 
products are of dosage unit type. Pass-
ing 95% probability limit sometimes 
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Figure 6. Probability deviation distribution: n = 30. CU is content uniformity. 
NMT is not more than.
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Pharmaceutical Technology   MAY 2021    43

fails to pass the 99% lot coverage 
(LC1) limit, as evidenced by Figure 1 
and Figure 4. However, the probability 
limit (95%) can be used as long as the 
LC1 limit (99%) is also established in 
validation acceptance criteria. 

Validity of probability estimation 
may be supported by critical devia-
tion values (i.e., acceptance limits) 
tabulated in Table IV. Average value 
requirements relevant to LC1 pa-
rameters may be applied to evaluate 
whether or not lot CpK on average 
is NLT 1.33. Where applicable (i.e., 
LC1 results NLT 99.00%), the prob-
ability deviations are subject to the 
acceptance limits (critical values) as 
tabulated in Table IV and illustrated in 
Figure 6. Because it appears that the 
more the LB or estimated probability 
approaches 100%, the more the devi-
ation approaches 0% (which can be 
proven as determined in Table I, Table 
II), the probability estimation can now 
be said to meet the requirement for 
best estimation. 
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Simulated Data (k = 120000): Lot Coverage (LC) Average = 99.43%,
LC Max = 100%, LC Min = 90.29%, N = 3600000, n = 30,
Lot CpK = 1.33, Lot Coverage NLT 98.18% = 95.00%

7.25%

Figure 8. Lot coverage (LC1) distribution (content uniformity): n = 30. NLT is 
not less than.

Table V. Lot coverage (LC1) and probability average based on Lot CpK 1.33. PPQ/
PV is process performance qualification/process validation. NLT is not less than.

Average values based on lot CpK = 1.33

Sample size (n) 30 60 70 140

Lot coverage (LC1) average (%) 99.43 99.83 99.87 99.95

Probability average (%) 97.86 99.93 99.97 100.00

Note: The average values may be used as acceptance criteria. For ex-
ample, (1) probability average of 5 PPQ/PV batches is 98.50% (n = 30). 
This implies that lot CpK on average is NLT 1.33, (2) lot coverage (LC1) 
average is 99.98% (n = 60), so lot CpK on average is NLT 1.33. Since 
probability in this article is estimate value, so it is not recommended. 
LC1 is to be used instead. Gray area is for information only.

Table VI. Lot coverage (LC1) and probability average based on Lot CpK 1.33. 
PPQ/PV is process performance qualification/process validation. NLT is not 
less than.

Descriptions
Conversion factors

Content uniformity (CU)

Sample size (n) 30 60 70 140

Conversion factor F1 1.2772 1.1789 1.1632 1.1094

Conversion factor F2 0.4544 0.2966 0.2709 0.1827

Note for F1 and F2

With 90% joint confidence interval (90% JCI, 1-sided), upper bound for standard de-
viation (SD, S) is computed using the formula: 
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See calculation example in Figure 2.
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