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Because USP text and publications may have legal implications in the U.S. and elsewhere, their language must 
stand on its own. USP shall not provide an official ex post facto interpretation to one party, thereby placing other 
parties without that interpretation at a possible disadvantage. The requirements shall be uniformly and equally 
available to all parties.

In addition, USP shall not provide an official opinion on whether a particular article does or does not comply with 
compendial requirements, except as part of an established USP verification or other conformity assessment 
program that is conducted separately from and independent of USPs standards-setting activities.

Certain commercial equipment, instruments or materials may be identified in this presentation to specify 
adequately the experimental procedure. Such identification does not imply approval, endorsement or 
certification by USP of a particular brand or product, nor does it imply that the equipment, instrument or material 
is necessarily the best available for the purpose or that any other brand or product was judged to be 
unsatisfactory or inadequate. 

This course material is USP Property. Duplication or distribution without USP’s written permission is prohibited.

USP has tried to ensure the proper use and attribution of outside material included in these slides. If, 
inadvertently, an error or omission has occurred, please bring it to our attention. We will in good faith correct 
any error or omission that is brought to our attention. You may email us at: legal@usp.org.

Disclaimer
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Objectives

Upon completion of this module, you will be able to:

DEFINE DESCRIBE

the measures of central 
tendency and creation of

confidence intervals

EXPLAIN 

the use of hypothesis
testing

common statistical  
terms in literature 

and the USP–NF
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Objectives

Upon completion of this module, you will be able to:

SELECT

the appropriate statistical
tests 

INTERPRET 

statistical outcomes
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Topics

Outline

� History of USP <1010>

� Basic Statistics: Part 1

� Descriptive Statistics

� Statistical Intervals
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This course will cover statistics related to…

� Laboratory Practices and Principles

� Statistical Principles and Uncertainty

� Study Considerations

� Comparison of Analytical Procedures

History of USP <1010>
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History of USP <1010> 

� The Law

� FDA Inspection

� The Offense

� The Lawsuit

� Judge Wolin’s Ruling

June 2020 www.learnaboutgmp.com

FDA vs. Barr Laboratories (1989–1993)
The development of USP <1010>
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History of USP <1010>

Under the Federal Food, Drug and Cosmetic Act (the 

“Act”), a drug is adulterated if:

“the methods used in, or the facilities or controls used for, its 
manufacture, processing, packing or holding do not conform to or 

are not operated or administered in conformity with current good 
manufacturing practice to assure that such drug meets the 
requirements of this chapter as to safety and has the identity and 

strength and meets the quality and purity characteristics, which it 
purports or is represented to possess.” 21 U.S.C. § 351(a)(2)(B) 

The Law
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History of USP <1010>

� From August 1989 to September 1991, FDA 

conducted several general inspections of Barr’s 

facilities.

� Barr was cited for using manufacturing and cleaning 

processes that are not validated, lack of failure 

investigations, incomplete annual reviews and failure 

to explain retesting.

FDA Inspection
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History of USP <1010>

The Offense

� Barr was accused of breaching cGMP guidelines by 

routinely retesting, resampling and reprocessing.

� Barr disagreed that its practices are not in compliance 

with cGMP.
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History of USP <1010>

The Lawsuit

� In April ’92, Barr sued FDA for “ad hoc” drug 

regulation. 

� FDA applied to the court for a “stop ship” injunction, 

claiming that Barr products were adulterated.

� The cases were combined and heard by Alfred 

Wolin, Federal District Judge in the New Jersey 

District.
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History of USP <1010>

Judge Wolin’s Ruling

� FDA vs. Barr Laboratories (1993)

– Barr’s practice of responding to an out-of-spec result by 
testing twice more and taking “best two out of three” is 

insupportable and unscientific and is not GMP.

– FDA’s claim that a single out-of-spec result invalidates a 
lot is unreasonable and is not GMP.
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History of USP <1010>

Development of USP <1010>

� Lack of OOS guidance was noted in the litigation.

� Judge Wolin’s ruling pointed out the need of 

compendia guidance for outlier testing and other 

analytical measures.

� USP <1010> was developed to address many of 

these issues.
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� The average of two best results 

produces a biased estimate of the true 

quality attribute.

– The distribution of the average differs from 
that of the single test result.

– Barr’s method increases the chance for a 

bad lot to go undetected.

Discussion Question

Were Barr’s Practices Wrong?

50%

75%

Spec: < 2.5%



Basic Statistics: Part I
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Discussion Question

What is statistics?
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Basic Statistics: Part I

� Statistics is the study of variability.

� Statistics takes data and turns it into information.

� Statistics provides probabilities of events.

22
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Basic Statistics: Part I

Data

Analysis
Summary

Examples of statistics  
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Basic Statistics: Part I

� Statistics are used to solve many 

complicated GxP problems.

� Statistics complement the analysis 

of laboratory data.

� Statistics are used to determine 

appropriate sample size.
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Basic Statistics: Part I

If used incorrectly, statistics can be misleading…

“There are three kinds of lies: lies, 

damned lies and statistics.”

-- Mark Twain 
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Basic Statistics: Part I

Introduction

USP <1010>

� Provides direction for scientifically acceptable 
administration of pharmaceutical studies using 

analytical data 

� Focuses on investigational studies where 
analytical data are generated from carefully 
planned and executed experiments, as well as 

confirmatory studies that are strictly regulated 
with limited flexibility in design and evaluation  

26
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Basic Statistics: Part I

� Study Objective

� Study Design

� Study Conduct

� Study Analysis and Decision

Scientific Method
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Basic Statistics: Part I

Study Objective

USP <1010>

� A pharmaceutical study can be as simple as 
testing and releasing a batch of commercial 

material or as complex as a comparison of 
analytical procedures. 

� Each study is associated with a population 
parameter that is used to address the study 

objective.  

– Release might be the batch mean  

– Analytical procedure comparison study might 
be the difference in means
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Basic Statistics: Part I

Study Design

USP <1010>

� A study should be designed with a structure and 
replication strategy that ensures representative 

consideration of the study objective and that 
manages the risks associated with making an 
incorrect decision.  

– Release of a manufactured lot, samples would be 
taken across the range of manufacture

– Procedure comparison, each type and level of test 
sample would be considered

� The statistical basis for managing study risk is the 
reduction of the uncertainty in the estimation of the 

population parameter.
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Basic Statistics: Part I

Study Conduct

USP <1010>

� Study is designed

� Samples are collected

� Techniques for minimizing bias:

– Randomization

– Procedure control

– Accurate record keeping

– Specify number of significant figures for data 
collection

– Deviations from the study plan should be 

captured and assessed for their potential to 
impact study decisions.
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Basic Statistics: Part I

Study Analysis and Decision

USP <1010>

� Data should be screened for data transformation 
and potential outliers.  

� Analysis of the data should proceed according to 

the statistical methods considered during the 
study design. 

� Analysis of the data and the reporting of study 
results should include proper consideration of 

uncertainty.  

� Interval estimates should be used.
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Basic Statistics: Part I

Safe Record Keeping
� Laboratory records should be maintained 

with sufficient detail so that others could 
reconstruct the experiment.

� When collecting data, the data should be 
obtained with more decimal places than 
the specification or study acceptance 
criterion requires.

‒ Follow protocol for the number of 
decimals places to collect.

‒ Usually a minimum of one more than the 
specification 

� Rounding of results from uses of analytical 
data should occur only after final 
calculations.
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Basic Statistics: Part I

� Analytical procedures used to release and 
monitor stability of clinical and commercial 

materials need to be appropriately 
validated as specified in Validation of 
Compendial Procedures <1225> or verified 

as noted in Verification of Compendial 
Procedures <1226>. 

� When an analytical procedure is used in a 
non-GMP study, it’s good practice to 

ensure that the analytical procedure is 
adequately fit for use to support the study 
objective.

Procedure Validation

Go to www.usppf.com to access the PF
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Basic Statistics: Part I

� System suitability

– To verify an acceptable level of performance 
for an analytical procedure in routine or 
continuous use, it is important to analyze a 
control sample at appropriate intervals 
(variation among the standards, background 
signal-to-noise ratios, etc.). 

� Sample performance 

� Verified during routine use of an analytical 
procedure  

– Variability among replicates 

– Failure to meet a sample performance 
requirement can result in a retest of the 
sample after an appropriate investigation.

� Analytical Procedure and Sample   

� Performance Verification
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Basic Statistics: Part I

� A study is designed to reduce uncertainty 
in order to make more reliable decisions.  

� Uncertainty is associated with variability 

and communicates the closeness of a 
result to its true value.  

� A fundamental aspect of uncertainty is 
probability which is sometimes expressed 

as confidence.

� Uncertainty is directly related to risk. 

Statistical Principles and Uncertainty
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Check Your Knowledge

Which of the following  are the basic statistics requirements for  
study analysis and decision according to USP <1010>? 

Select all answers that apply.

A. Data should be screened for data 

transformation and potential outliers.

B. Study is designed. 

C. Interval estimates should be used.

Read the statement and select 
the answer from the given 
options. 

D. Samples are collected.
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Check Your Knowledge

Which of the following  are the basic statistics requirements for  
study conduct according to USP <1010>? 

Select all answers that apply. maintain the effectiveness of 
vaccines during storage and their shelf life are called:

A. Study should be designed with a structure 

and replication strategy. 

B. Study is designed. 

C. Analytical procedure comparison study might 
be the difference in means.

D. Samples are collected.

Read the statement and select 
the answer from the given 
options. 
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Check Your Knowledge

maintain the effectiveness of vaccines during storage and their 
shelf life are called:

A. True

B. False 

Statistics are used to solve many complicated GMP 
problems.

Read the statement and select 
the answer from the given 
options. 
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Check Your Knowledge

Analytical procedures used to release and monitor stability of 
clinical and commercial materials should be validated as specified 

in ________ or verified as noted in _________. Select all answers 
that apply.

A. USP <1210>

B. USP <1220> 

C. USP <1225>

D. USP <1226>

Read the statement and select 
the answer from the given 
options. 



Descriptive Statistics
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Descriptive Statistics

Variable

Quantitative Categorical

(Nominal)

Discrete Continuous

Ordinal

Types of Variables
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Descriptive Statistics

� Discrete

– Having countable number of values

• Results of rolling two dice: 2, 3, 4, …,12

• Number of bacteria per mL

� Continuous 

– Having an uncountable number of values

• Optical density of ELISA assay

• Drug concentration/dose

Quantitative Variables
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Descriptive Statistics

� A categorical variable (sometimes 
called a nominal variable) is one 
that has two or more categories, 
but there is no intrinsic ordering to 
the categories.

– Sterility test: positive vs. negative

Categorical Variable

1Files 2 3 4 5
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Descriptive Statistics

� An ordinal variable is similar to a 
categorical variable; however, there 
is an order to the categories.

– Potency of a drug: low, medium and high

Ordinal Variable
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� Mean – average

� Median – middle point

� Mode – most frequent observation

� Standard Deviation (SD)–variability 

Descriptive Statistics
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Descriptive Statistics

Measure of Central Tendency: Sample Mean
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Descriptive Statistics

Measure of Dispersion: Sample Variance and Standard Deviation
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Descriptive Statistics

Coefficient of Variation (CV): Puts both measures together

% 100%
S

CV
X

= ×

% 0.207 or 20.7%CV =

46
% 100%

222
CV = ×
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Summary Activity

Summarize and discuss:

� USP <1010>

� Basic Statistics: Part I

� Statistical Principles and Uncertainty

� Descriptive Statistics



Statistical Intervals
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� Provides information on how precise a point estimate is

� Allows for making inference about population parameters

Statistical Intervals

Confidence Interval Estimate
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� A confidence interval is a method to describe the amount of uncertainty 

associated with a sample estimate of a population parameter such as mean.

Statistical Intervals

Confidence Interval
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� To construct a confidence interval, one needs

– Confidence level 1 – α

– Statistic

– Margin of error = critical value x SE 

Statistical Intervals

Confidence Interval

1-α

n

X

X

n

i

i
== 1
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� Take a random sample of subjects, X1,…Xn

� Calculate sample mean and sample standard error 

(SE), which measures the precision of sample mean

� Determine the interval: 

Statistical Intervals

Confidence Interval

0 .0 2 5 ; 1 0 .0 2 5 ; 1,
n n

S D S D
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Example
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Mean = 222

SD = 46

n = 5

t0.025 (4) = 2.776

Statistical Intervals

Example

95% Confidence Interval

(222 – 2.776x46/sqrt(5), 222 + 2.776x46/sqrt(5))

= (164.8, 279.2)

Sample Value

1 220

2 300

3 180

4 200

5 210
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� 95% confidence that the true mean value is between 164.8 and 279.2

� If we took 100 samples of 5 units from a population with mean 222 and standard 

deviation of 46, we expect 95 of the 100 samples to have a mean between 

164.8 and 279.2.

Statistical Intervals

Example

95% Confidence interval

(222 – 2.776x46/sqrt(5), 222 + 2.776x46/sqrt(5))

= (164.8, 279.2)



Module 2
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Topics

Outline

� Hypothesis Testing

– Study Objective

– Study Design

– Sample Size

– Types of Hypothesis 

� Parametric Statistics

– Z-Test and Student T-Test

– Assay Transfer

– Paired T-Test

� Case Example

Hypothesis Testing 
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Hypothesis Testing

Study Objective:

The study objective is a statement 
of the goal(s) of the study.  

Two Categories: 

 Includes the 
additional step of 
using these 
estimates to make 
a decision about 
the unknown true 
value

 The goal when the 
investigator wishes to 
report results that 
estimate true 
quantities that 
underlie the data 

� Inference � Estimation
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� Many statistics form the basis of claims.

– Example: 4 out of 5 analysts surveyed recommended this instrument

Hypothesis Testing
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Hypothesis Testing

� A hypothesis test is expressed as a 

pair of statements called the null 
hypothesis and the alternative

hypothesis.  

� Both null and alternative 
hypothesis are expressed 

concerning some unknown 

population parameter.
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0
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H

H
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=

≠

 
0θ θ

A two-sided hypothesis test can be written as:

where      is the hypothesized value of  
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� In U.S. court, a defendant is assumed 

to be innocent (null hypothesis).  Jury 

makes a verdict, based on evidence 

(data), to accept or reject the 

assumption.

Hypothesis Testing

An Analogy

Jury Trial
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Hypothesis Testing

Study DesignAdd image

� Study design should ensure an 

acceptable level of uncertainty in 

an estimation study or an 

acceptable risk for drawing the 

wrong conclusion in a test of 

inference. 

� Sample size is a critical 

determinant of an estimation 

study. 
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Hypothesis Testing

� The margin of error can be defined 

to be no greater than a maximum 

allowable value H.  Selecting the 

confidence level (1-α) and 

providing a preliminary estimate for 

the standard deviation (S), one can 

solve for a required sample size.
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Sample Size for Estimation Study
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Hypothesis Testing

� H = 0.5

� 1-α = 95%

� S = 0.75

2 2
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Sample Size - Example
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� H0: Null hypothesis

� H1: Alternative hypothesis

Hypothesis Testing

Types of Hypothesis

Two-sided

Two-sided 

Difference

One-sided

One-sided

Equivalence
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� H0: Assay is Poor 

vs. 

� H1 : Assay is Good

Hypothesis Testing

Inferential Study

 If 0H  is true If 0H  is false 

Reject 0H  Wrong conclusion (Type I error) Correct conclusion 

Do not reject 0H  Correct conclusion Wrong conclusion (Type II error) 
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� Sample size (number of runs) in the design of a validation experiment can be 

selected such that it ensures a good chance (power = 1 - β) of success. 

� Power = area under the red curve above the vertical dashed line. It becomes 

larger as sample size increases.

Hypothesis Testing

Mitigate Producer’s Risk through Sample Size

H0: Assay is poor



71

© 2020 USP

� Inferential studies require the sample size to account for the power of the 

inference.

� Inferential statistics were seen in Module 1 when we discussed confidence 

intervals.

Hypothesis Testing

Sample Size for Inferential Studies

( )
2

2

2

Z Z S
n

α β+
=

∆
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Check Your Knowledge

The inference category of the study objective involves which of the 
following?

A. Using estimates to make a decision about the 
unknown true value

B. Reporting results that estimate true quantities that 
underlie the data

C. A&B

D. None of the above 

Read the statement and select 
the answer from the given 
options. 
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Check Your Knowledge

The following example can be described as:

A. Two hypothesis tests

B. Two-sided hypothesis test

C. Null hypothesis test

D. B&C 

 
0 0

0

:

:a

H

H

θ θ

θ θ

=

≠
Read the statement and select 
the answer from the given 
options. 
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Check Your Knowledge

Which of the following describes alternative hypothesis tests?

A. H0 : Assay is Poor

B. H1 : Assay is Good

C. H0 : Assay is Good

D. None of the above 

Read the statement and select 
the answer from the given 
options. 



Parametric Statistics 

76

© 2020 USP

Parametric Statistics

� Assumption

– Samples are normally distributed.

– Population mean μ is unknown but 
standard deviation σ is known.

� H0 : μ = μ0 (a known constant)

� Test statistic

which follows a standard normal    

distribution

� Reject H0 if Z > Z1 – α

One Sample Z-Test

Z-Test and Student T-Test
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Parametric Statistics

� Assumption

– Mean potency value μ0 = 100%

– Standard deviation σ = 0.3

� Null hypothesis: mean assay 

potency = 100%

� Estimated mean potency = 94%

� Test statistic

which is smaller than z0.05 = 1.96

� Accept H0

Potency Bioassay 
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Parametric Statistics

One Sample T-Test� Assumption

– Samples are normally distributed.

– Population mean μ and standard deviation σ
are unknown.

� H0 : μ = μ0 (a known constant)

� Test statistic

which follows a t-distribution

� Reject H0 if t > tn–1,α

(one-sided)
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Mean = 100.1

SD = 4.38

n = 10

t0.05 (9)= 1.833

Parametric Statistics

Relative Potency

Sample Potency (%) Sample Potency (%)

1 94 6 102

2 104 7 97

3 96 8 95

4 103 9 107

5 103 10 100

Accept null hypothesis that mean assay 
potency = 100%
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� One-sided is either less than or greater than.

� Two-sided is testing both less than AND greater than.

Parametric Statistics

One-Sided vs. Two-Sided
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Parametric Statistics

Two-Sample T-Test

Intended to compare two means (e.g., assay 
performance between analytical and QC labs)

Measures are normally distributed

σ1 and σ2 are unknown and may or may not be equal
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The null hypothesis is that both population means μ1 and μ2 are equal, thus their difference is 
equal to zero:

Ho: μ1 = μ2 vs      Ha: μ1≠ μ2 (or  μ1< μ2  or μ1> μ2 )

with either a one-sided or a two-sided alternative hypothesis (assuming σ1 = σ2 )

t-test statistic is                                                 where

with degree of freedom n1 + n2 -2

Parametric Statistics

Two-Sample T-Test
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Lab s n

Analytical 76.6 11.0 30

QC 88.3 16.8 30

Parametric Statistics

Does assay demonstrate comparable performance?

Assay Transfer
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Hypotheses

H0: μAnalytical = μQC  μAnalytical - μQC =0

Ha: μAnalytical < μQC  μAnalytical - μQC <0 (one-sided)

Test Statistic

Results

For degree of freedom 58, at significance level α = 0.05, because 
t = -3.19 < t58,0.05 = -1.6715, we reject H0

Parametric Statistics

Assay Transfer
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Parametric Statistics

� Matched in 3 ways

– Self-paired, such as pre-test vs. post-test 
results

– Twins or litter mates

– “Artificially” matched

� Rationale for matching

– Observation studies

• To control potentially confounding variables

– Experimental studies

• To increase precision ( ↓ width of CI)

• To increase precision and power ( ↓ standard 
error of estimate)

Paired T-Test
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� Null alternative hypotheses are the same as t-test. Test statistic is different.

� The degree of freedom is different; df = n-1.

Parametric Statistics

�Paired T-Test
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Discussion Activity

Paired T-Tests
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Parametric Statistics

Is there any significant change in the number of doses of medication needed for 
asthma attacks before and after relaxation training?

Patient Week 
Before

Week After D D2

A 9 4 -5 25

B 4 1 -3 9

C 5 5 0 0

D 4 0 -4 16

E 5 1 -4 16

Example: Paired T-Test
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Results

For degree of freedom 4, at significance level α = 0.05 (2-sided),

because |t | = 3.72 >t4,0.0252.132, we reject H0.  

Conclusion

It’s a significant difference and we reject H0. 

There is a significant change in the number of doses of medication needed for asthma attacks 

before and after relaxation training.

Parametric Statistics

Example: Paired T-Test Continues

-2.132 2.132

The t-test 
statistic 
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Parametric Statistics

� Bias can be introduced through 

unintentional changes in 

experimental conditions due to 

either known or unknown factors.

� Effective sampling and 

randomization help mitigate the 

impact of bias. 

Study Conduct
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Parametric Statistics

� Decisions are often based on our 

analysis of a sample.

� How we conduct a sample is very 

important.

– Goal:

• Minimize bias

• Sample reflects the characteristics of the 
lot or batch

• Economical sample size

Representative Sampling
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Parametric Statistics

� Simple random sampling (SRS) ensures 
that all units are selected independently 
with equal probability (i.e., raffle). 

� Stratified random sampling ensures that 
each strata (subgroup) are represented in 
the sample.

� Composite sampling combines several 
samples into a single sample unit (10 
tablets used to make a single sample 
prep).

� Systematic sampling is a convenient 
sampling method ensuring that items from 
the beginning, middle and end are 
sampled.

Sampling Selection



Case Example

96

© 2020 USP

Case Example  

Parametric Statistics

Background

Example  

Discussion

� Simple summaries such as group averages and 
appropriate measures of variability, as well as plots of the 

data and summary results, facilitate the analysis and 
communication of the study results and decision.

� Those with limited or no statistical training should consult 
a statistician throughout the process of conducting a 

study, including study design and analysis.  Their 
statistical skills complement the laboratory skills in 
ensuring appropriate study design, analysis and 

decisions.  

Study Analysis
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Case Example 

Parametric Statistics

Background

Example  

Discussion

� Reference standard value is labeled as 200 µg/mg 

on the label

� Want to determine if the value assignment is correct

� How should we approach this problem?
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Case Example 

Parametric Statistics

Background

Example  

Discussion

Hypothesis 

� H0: µ = 200 µg/mg 

� HA: µ ≠ 200 µg/mg 
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Case Example 

Parametric Statistics

Background

Example 

Discussion

Sample Size 

� From historical data, we know that the standard deviation is 10 

µg/mg 

� Not statistically different  if the observed mean in the sample is 

within ± 5 µg/mg
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Case Example 

Parametric Statistics

Background

Example 

Discussion

� Zα = 0.05 = 1.645

� Zβ = 0.10 = 1.281

� S = 10

� ∆ = 5

Sample Size (continued)

( )

( )

2
2

2

2 2

2

1.645 1.281 10
35

5

Z Z S
n

n

α β+
=

∆

+
= ≈
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Case Example 

Parametric Statistics

Background

Example  

Data Collection

Discussion
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Case Example 

Parametric Statistics

Background

Example  

Data Analysis

Discussion 194.52 200
3.29

9.87
35

X
t

SEM

t

µ−
=

−
= = −
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This course will resume tomorrow promptly at 8:30 a.m. EDT.

See you then!

Thank you for attending this course!


