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 When?

– Need for developing an alternative procedure (non-compendial procedure)
• Compare a compendial procedure with an in-house (“alternative”) procedure

– Change in the procedure
• Compare old procedure and new procedure after a change

– Transfer of procedures may require the comparison 
• Compare a procedure run in the transferring unit and receiving unit

 Why?
– Help to ensure fitness for use

– To assess the risk of making the wrong decision

Comparison of Procedures

Analytical Procedures
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Impact of different procedures on decision-making 
process: Impacts on bias and precision? 

How to assess the risk?

ALTERNATIVE PROCEDURE

Equivalent for means

Noninferiority of variability

ALTERNATIVE PROCEDURE 

Noninferiority of variability 

Equivalent for means

ALTERNATIVE PROCEDURE 

Inferiority of variability 

Non-equivalent for means

OLD PROCEDURE

ത𝑌 = 99.1%LSL USL

Control Limits

ത𝑌 = 99.0%LSL USL

Control Limits

ത𝑌 = 99.2%LSL USL

Control Limits

LSL USL

ത𝑦 = 101.9%

Mean value and 
STD statistically 

different?

Control Limits

LSL USL

ത𝑦 = 101.9%

Control Limits

ALTERNATIVE PROCEDURE 

Inferiority of variability 

Non-equivalent for means
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 USP General Notices 6.30. Alternative and Harmonized Methods and Procedures. An alternative

method or procedure is defined as any method or procedure other than the compendial method or procedure

for the article in question. The alternative method or procedure must be fully validated (see Validation of

Compendial Procedures 〈1225〉) and must produce comparable results to the compendial method or

procedure within allowable limits established on a case-by-case basis. Alternative methods or procedures

can be developed for any one of a number of reasons not limited to simplification of sample preparation,

enhanced precision and accuracy, improved (shortened) run time, or being better suited to automation than

the compendial method or procedure. Only those results obtained by the methods and procedures given in

the compendia are conclusive.

 USP chapter <1010> Analytical Data – Interpretation and Treatment

– it provides information regarding acceptable practices for the use of analytical procedures to make

decisions about pharmaceutical processes and products.

– basic statistical approaches for decision making are described, and the comparison of analytical

procedures is discussed in some detail.

Need for developing an Alternative Procedure (non-compendial procedure)

Analytical Procedures

https://online.uspnf.com/uspnf/current-document/GUID-E2C6F9E8-EA71-4B72-A7BA-76ABD5E72964_4_en-US
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2.7 Alternative Procedures 

Alternative procedures are those which may be used to measure an attribute when such 
procedures control the quality of the drug substance or drug product to an extent that is 
comparable or superior to the official procedure. Example: for tablets that have been shown not to 
degrade during manufacture, it may be permissible to use a spectrophotometric procedure for 
release as opposed to the official procedure, which is chromatographic. However, the 
chromatographic procedure should still be used to demonstrate compliance with the acceptance 
criteria during the shelf-life of the product.

2.8 Pharmacopoeial Tests and Acceptance Criteria 

References to certain procedures are found in pharmacopoeias in each region. Wherever they are 
appropriate, pharmacopoeial procedures should be utilized. Whereas differences in 
pharmacopoeial procedures and/or acceptance criteria have existed among the regions, a 
harmonized specification is possible only if the procedures and acceptance criteria defined are 
acceptable to regulatory authorities in all regions

Analytical Procedures

Alternative Procedures - ICH guideline Q6A Specifications
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Analytical Procedures

Need for developing an Alternative Procedure (non-compendial procedure)

 Development of Alternative Procedures due to any reason: It does not mean that these are 

“better” procedures when compared to compendial procedures. 

 Statistical approach for decision making can help to classify alternative procedure as equivalent 

or noninferior to a reference procedure.

 Real-world: Often compendial acceptance criteria stated in monographs are adopted but the 

analytical procedures don’t – Using a statistical approach for decision making is a strategy for 

risk assessment.
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 USP chapter <1010> Analytical Data – Interpretation and Treatment provides information regarding 

acceptable practices for the use of analytical procedures to make decisions about pharmaceutical processes 

and products. 

 Basic statistical approaches for decision making are described, and the comparison of analytical procedures 

is discussed in some detail.

Statistical approaches for decision making

Comparison of Analytical Procedures

USP General Chapter <1010> Analytical Data – Interpretation and Treatment 

5. COMPARISON OF ANALYTICAL PROCEDURES <1010>

– It is often necessary to compare two analytical procedures to determine if differences in accuracy and precision are 
less than an amount deemed practically important. 

– For purposes of this section, the terms old procedure and new procedure are used to represent a procedure before 
and after a change. 

– Procedures with differences less than the practically important criterion are said to be equivalent or better (s

– Appendix 3: Equivalence for means and Noninferiority Testing for Variabilities
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5. COMPARISON OF ANALYTICAL PROCEDURES

USP <1010> Analytical Data – Interpretation and 
Treatment

 Study Objective of a Procedure Comparison: 

– The study objective of a procedure comparison is to demonstrate that a new procedure performs 
equivalent to or better than an old procedure.

𝜇𝑁

𝜇𝑁 = 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡 𝑢𝑠𝑖𝑛𝑔 𝑁𝐸𝑊 𝑝𝑟𝑜𝑐𝑒𝑑𝑢𝑟𝑒
𝜇𝑂 = 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡 𝑢𝑠𝑖𝑛𝑔 𝑂𝐿𝐷 𝑝𝑟𝑜𝑐𝑒𝑑𝑢𝑟𝑒

𝜎𝑁 = 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡 𝑢𝑠𝑖𝑛𝑔 𝑁𝐸𝑊 𝑝𝑟𝑜𝑐𝑒𝑑𝑢𝑟𝑒
𝜎𝑂 = 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡 𝑢𝑠𝑖𝑛𝑔 𝑁𝐸𝑊 𝑝𝑟𝑜𝑐𝑒𝑑𝑢𝑟𝑒

𝜇𝑂

New Procedure (“N”) Old Procedure (“O”)
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5. COMPARISON OF ANALYTICAL PROCEDURES

USP <1010> Analytical Data – Interpretation and 
Treatment

 Study Objective of a Procedure Comparison: 

– Each procedure is described in terms of the mean and standard deviation of the population of 
measurements.

ത𝑌𝑁 ത𝑌𝑂

ത𝑌 =
σ𝑖=1
𝑛 𝑌𝑖
𝑛

=
𝑌1 + 𝑌1 + …𝑌𝑛

𝑛

𝑆 =
σ𝑖=1
𝑛 (𝑌𝑖−ത𝑌)2

𝑛 − 1

Mean Value

Standard Deviation 

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑜𝑓 𝜇

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑜𝑓 𝜎

New Procedure (“N”) Old Procedure (“O”)
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5. COMPARISON OF ANALYTICAL PROCEDURES

USP chapter <1010> Analytical Data – Interpretation and 
Treatment

 Study Objective of a Procedure Comparison: 

– Characteristics for comparison are most generally accuracy and precision across the range of 
the assay, and across conditions experienced during long term routine analysis. 

– A risk analysis should be performed to identify such conditions. 

– Comparable results? Several options were identified to address this. 

– Example: Performance equivalence:

• establish the equivalence of the two procedure means, and 

• noninferiority of the new procedure variability to that of the old procedure

– Appendix 3 (<1010>): describe an approach for demonstrating comparability using statistical 
hypothesis testing.
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 Accuracy – Approach: Equivalence testing of procedure means

– To compare accuracy of two procedures, one compares the procedure MEANS. In particular, accuracy
is compared using the absolute value of the true difference in means

|μD| = |μN − μO|

– The objective of such a study is to demonstrate that | μD | is less than a value deemed to be practically 
important, d

– The hypotheses used in an equivalence test are

– Equivalence should be understood as “sufficiently similar” for the use of the new procedure. 

5. COMPARISON OF ANALYTICAL PROCEDURES

USP General Chapter <1010> Analytical Data –
Interpretation and Treatment

H0: |μN - μO| ≥ d
Ha: |μN - μO | < d
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 Precision – Approach: noninferiority testing of procedure variabilities.

– To compare precision of two procedures, one compares the procedure standard deviations. Whereas a 
comparison of means involves a difference, a comparison of standard deviations involves the ratio

– The study objective is to demonstrate that the ratio N /O is less than a practically important value k.

– One-sided noninferiority test. The noninferiority hypotheses are: 

5. COMPARISON OF ANALYTICAL PROCEDURES

USP General Chapter <1010> Analytical Data –
Interpretation and Treatment

N /O ≥ k

H0: N /O ≥ k
Ha: N /O < k
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Comparison of Analytical Procedures

Determination of d and k

 Kringle et al. (18) recommend selecting values of d and k consistent with a rule that states the proportion of 
product that falls outside of specification (OOS) when measured with the new procedure is acceptable.

 The choice of OOS rate with the new procedure should be a business decision



15

© 2019 USP

Accuracy (bias) – Equivalence test for means 

Comparison of Analytical Procedures

A 100 (1-2a) % two-sided 

confidence interval on 𝝁𝑫

Legend

ത𝑌𝑁 = Average Reportable Value 

S = point estimator for the unknown value of σ

𝒏 = number of reportable values

𝑡1−𝛼;𝑑𝑓 = the percentile of a central t-distribution 

with area 1- a to the left and n – 1 degrees of 

freedom (df)

Hypotheses 

H0: |μN - μO| ≥ d
Ha: |μN - μO | < d ത𝑌𝑁 − ത𝑌𝑂 ± 𝑡1−𝛼:𝑑𝑓

𝑆𝑁
2

𝑛𝑁
+
𝑆𝑂
2

𝑛𝑂

df

𝑑𝑓 =

𝑆𝑁
2

𝑛𝑁
+
𝑆𝑂
2

𝑛𝑂

2

𝑆𝑁
4

𝑛𝑁
2 (𝑛𝑁 − 1)

+
𝑆𝑂
4

𝑛𝑂
2 (𝑛𝑂 − 1)

If the entire 

confidence interval 

falls within the range 

from −d to +d → Ho is 

rejected, and 

equivalence is 

demonstrated 

SCENARIO 1: HOMOGENEOUS 

TEST MATERIAL

USP General Chapter <1010> Analytical Data – Interpretation and Treatment 
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Comparison of Analytical Procedures

Accuracy (bias) – Equivalence test for means - EXAMPLE 

𝑑𝑓 =

0.214
15

+
0.159
15

2

0.2142

152(15 − 1)
+

0.1592

152(15 − 1)

𝑑𝑓 = 27.4

100.08 − 99.85 ± 𝑡1−0.05:24
0.214

15
+
0.159

15

ത𝑌𝑁 − ത𝑌𝑂 ± 𝑡1−𝛼:𝑑𝑓
𝑆𝑁
2

𝑛𝑁
+
𝑆𝑂
2

𝑛𝑂

−0.04; 050

SCENARIO 1: 

HOMOGENEOUS TEST 

MATERIAL

USP General Chapter <1010> Analytical Data – Interpretation and Treatment 

𝑑𝑓 =

𝑆𝑁
2

𝑛𝑁
+
𝑆𝑂
2

𝑛𝑂

2

𝑆𝑁
4

𝑛𝑁
2 (𝑛𝑁 − 1)

+
𝑆𝑂
4

𝑛𝑂
2 (𝑛𝑂 − 1)

90% two-sided confidence interval (a=0.05) 
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Comparison of Analytical Procedures

Accuracy (bias) – Equivalence test for means - EXAMPLE 

𝑑𝑓 =

0.214
15

+
0.159
15

2

0.2142

152(15 − 1)
+

0.1592

152(15 − 1)

𝑑𝑓 = 27.4

100.08 − 99.85 ± 𝑡1−0.05:24
0.214

15
+
0.159

15

ത𝑌𝑁 − ത𝑌𝑂 ± 𝑡1−𝛼:𝑑𝑓
𝑆𝑁
2

𝑛𝑁
+
𝑆𝑂
2

𝑛𝑂

−0.04; 050

SCENARIO 1: 

HOMOGENEOUS TEST 

MATERIAL

USP General Chapter <1010> Analytical Data – Interpretation and Treatment 

𝑑𝑓 =

𝑆𝑁
2

𝑛𝑁
+
𝑆𝑂
2

𝑛𝑂

2

𝑆𝑁
4

𝑛𝑁
2 (𝑛𝑁 − 1)

+
𝑆𝑂
4

𝑛𝑂
2 (𝑛𝑂 − 1)

90% two-sided confidence interval (a=0.05) 
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−0.04; 0.50

𝑑
(1)

−𝑑
(−1)

If the entire confidence interval falls within 

the range from −d to +d

→ Ho is rejected, 

→ New and Old Procedure are equivalent 

H0: |μN - μO| ≥ d
Ha: |μN - μO | < d

Comparison of Analytical Procedures

Accuracy (bias) – Equivalence test for means - EXAMPLE SCENARIO 1: 

HOMOGENEOUS TEST 

MATERIAL

USP General Chapter <1010> Analytical Data – Interpretation and Treatment 
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Comparison of Analytical Procedures

Precision - noninferiority test for variabilities

A 100 (1-a) % one-sided 

upper bound on the ratio 

𝝈𝑵/𝝈𝑶

Legend

ത𝑌𝑁 = Average Reportable Value 

S = point estimator for the unknown value of σ

𝒏 = number of reportable values

𝐹𝛼,𝑛𝑁−1,𝑛𝑂−1= is the F-quantile with area α to the 

left and degrees of freedom nN − 1 and nO− 1

Hypotheses 

𝑆𝑁
𝑆0

1

𝐹𝛼,𝑛𝑁−1,𝑛𝑂−1

df

𝑑𝑓 =

𝑆𝑁
2

𝑛𝑁
+
𝑆𝑂
2

𝑛𝑂

2

𝑆𝑁
4

𝑛𝑁
2 (𝑛𝑁 − 1)

+
𝑆𝑂
4

𝑛𝑂
2 (𝑛𝑂 − 1)

If the upper bound 

computed is less than k, the 

null hypothesis is rejected

and one concludes 

noninferiority of standard 

deviation of the new 

procedure.

H0: N /O ≥ k
Ha: N /O < k

SCENARIO 1: 

HOMOGENEOUS TEST 

MATERIAL

USP General Chapter <1010> Analytical Data – Interpretation and Treatment 
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Comparison of Analytical Procedures

Precision - noninferiority test for variabilities - EXAMPLE

𝑈 =
0.214

0.159

1

0.402
= 1.83

𝐹0.05,15,15 = 0.402

Since this upper bound is less than k = 2 

→ Ho is rejected, (and Ha: N /O < k)

→ noninferiority of the standard deviation 

of the new procedure has been 

demonstrated

H0: N /O ≥ k
Ha: N /O < k

SCENARIO 1: 

HOMOGENEOUS TEST 

MATERIAL

USP General Chapter <1010> Analytical Data – Interpretation and Treatment 

𝑈 =
𝑆𝑁
𝑆0

1

𝐹𝛼,𝑛𝑁−1,𝑛𝑂−1

95% one-sided upper bound (a=0.05) 
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Comparison of Analytical Procedures

Example

 Alternative Procedure was developed – Compendial Procedure (HPLC) presented a 
long run time 

– Procedure was validated following ICH Q2(R1) submitted to regulator A

– Regulator B asked why not using compendial specifications

– Procedure Comparison using statistical approach could be useful to generate data for risk 
assessment and ensure alternative procedure is NON-INFERIOR 
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Compendial 

Procedure

Alternative 

Procedure

Y1
88.48 85.20

Y2
80.83 85.46

Y3
80.54 86.80

Y4
80.70 84.91

Y5
81.12 82.20

Y6
80.62 83.73

Average 82.05 84.72

STD 3.16 1.58

 Alternative Procedure was developed – Compendial Procedure (HPLC) presented a 
long run time 

 d=1 e K=2 (OOS rate=0.4%) 

Comparison of Analytical Procedures

Example




