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1. Introduction 118 

This standard presents a consensus for current best practices for Analytical Method Transfer (AMT), the use of 119 
Platform Analytical Procedure (PAP) methods, and Analytical Method Comparison (AMC).  The analytical 120 
method lifecycle steps, AMT and AMC, are illustrated in Figure 1 (below) within the overall CMC development 121 
roadmap to and beyond marketing authorization(s). The interdependent development lifecycle steps are aligned 122 
with typical clinical study phases and the understanding of critical quality attributes (CQAs). Additional AMT 123 
steps and method changes, requiring AMC studies, may occur at various stages before and after the marketing 124 
authorization filing.  Risk-based and phase-appropriate (where appropriate) AMC, AMT, and/or PAP study 125 
considerations are provided in this standard. 126 

Figure 1: Analytical Method Lifecycle Steps [1] 127 

  128 

 129 

In Figure 1, a typical CMC development and technology transfer process is shown on a clinical study time scale 130 

and separated into analytical procedure (“method” is synonymous with “procedure”), manufacturing, and 131 

strategic and/or tactical changes.  Manufacturing and method transfers can occur multiple times prior to market 132 

authorization.  For global drug product (DP) lot release testing, analytical methods may need to be transferred 133 

to other testing laboratories and/or into regions requiring import lot release testing.   134 

Manufacturing changes, such as formulation changes to increase product stability and/or product container 135 

compatibility, are often implemented following successful product comparability studies. The second process 136 

validation (PV) stage (process qualification (PQ) lots) is typically executed with a final control strategy and 137 

protocol acceptance criteria based upon commercial-ready specifications. Analytical methods that support 138 

release and stability specifications are usually validated prior to the manufacturing of PQ lots.  Specifications 139 

may need to be revised following the manufacturing of PQ lots, as part of the outcome of the negotiations with 140 

regulatory agencies following the market authorization application (e.g., the BLA, NDS, MAA) submission [1]. 141 
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There are common method performance characteristics required in study protocols for AMT, PAP, and AMC, 142 

with some conceptual differences among those studies dependent on the method type [2], in accordance with 143 

ICH Q2(R2)[3]. The principles outlined in the standard can be applied to methods developed using a minimal 144 

or enhanced approached, as described in ICH Q14 [4]. Table 1 (below) provides a summary of suggested 145 

statistical methodologies and their interpretation to demonstrate successful AMT, AMC, or PAP studies for each 146 

performance characteristic. Alternative approaches may be used if justified and explained in detail. More detail 147 

is provided in each of the three sections for AMT, PAP, and AMC studies.   148 

Table 1: Performance Characteristics and Suggested Statistical Methodologies for AMT, AMC and PAP 149 

Study Protocols for ICH Q2(R2) Method Types 150 

Method Type 

(ICH Cat. no.) 

AMT AMC PAP Verification 

Performance 

Characteristics 

Statistical 

Methodology 

Performance 

Characteristics 

Statistical 

Methodology 

Performance 

Characteristics 

Statistical 

Methodology 

Identification 

(cat. I) 

Specificity 

 

Probability, Chi-

Squared (or 
similar) for 

Pass/Fail Ratio 

Specificity 

 

Non-Inferiority or 

Superiority 
Pass/Fail Ratio(s) 

or Probabilities 

Specificity 

 

Probability, Chi-

Squared (or 
similar) for 

Pass/Fail Ratio 

Impurity - 

Quantitative 

(cat. II) 

Accuracy1  TOST Accuracy1  TOST Accuracy1  % Recovery 

Intermediate 

Precision1 
RSD, other 

options 2 

Intermediate 

Precision1 

 RSD, other 

options 2 

Intermediate 

Precision1 

N/A 
 

Specificity N/A Specificity % Recovery, 

other options 

Specificity % Recovery, 

other options  

Impurity – 

Limit 

(cat. III) 

Specificity1 Probability 

and/or Chi-

Squared for P/F  

Specificity1 Non-Inferiority or 

Superiority; 

Pass/Fail Ratio(s) 
or Probabilities 

Specificity1 Non-Inferiority or 

Superiority; 

Pass/Fail Ratio(s) 
or Probabilities 

Detection Limit N/A Detection Limit Non-Inferiority or 

Superiority 

Detection Limit Non-Inferiority or 

Superiority 

Assay 

(Content,  

Potency) 

(cat. IV) 

Accuracy1  TOST Accuracy1  TOST N/A 

 

N/A 

 

Intermediate 

Precision1 

 RSD, other 

options 2 

Intermediate 

Precision1 

 RSD, other 

options 2 

N/A 

 

N/A 

 

Specificity N/A Specificity % Recovery, 

other options 

N/A 
 

N/A 
 

 151 

 1 At/above QL for Category II and at/above DL for Category III. 152 
2 RSDs (%CV) for Intermediate Precision can be compared from the AMV study results and/or assay control long-term variation.  When 153 
using a TOST equivalence test, the pooled variation of both methods will impact the confidence interval width for the mean difference.  When 154 
setting TOST equivalence margins and interpreting TOST outcomes, this should be considered. For example, an equivalence margin 155 
overlapping mean difference CI may be observed when the new method variation is significantly higher than the current method. 156 

Controlling the risk(s) associated with AMT, PAP, and AMC studies to product quality continuity and the 157 

potential impact to patient and manufacturer follows similarly established concepts [1].The primary goal for 158 

risk assessments for analytical lifecycle studies, including AMT, PAP, and AMC study protocols, are to inform: 159 

• The desired level and/or rigor of formal studies to be executed; and, 160 
• The level of method performance needed as manifested in the protocol acceptance criteria. 161 

As variation and uncertainty in test results constitute risk to patient and the manufacturer, they should be 162 
evaluated and used to set acceptance criteria to ensure the suitability for use of the analytical method.  A 163 
relationship of typical variation sources is expressed in Equation 1 (below).  For simplicity, the potential 164 
variation sources from the sampling process, transport, and storage, and/or the inconsistency in batch uniformity 165 
are part of the manufacturing process variation [1]. 166 

 167 

 168 
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Equation 1:  Relationship of Common Variation Sources 169 

     2actual  process mfg  
2

method  analytical
2

observed  process mfg     +=  170 

The (squared) observed manufacturing process variation is the sum of the (squared) variation sources of 171 
analytical method performance and the actual or true manufacturing process variation.  As specifications exist 172 
for the observed manufacturing process variation, it is critical to understand and control the underlying sources 173 
of variation using risk-based acceptance criteria for each of their maximum allowable variation. 174 

Regardless of the type of study protocol (AMT, PAP, or AMC), the study acceptance criteria are intended to 175 
control the maximum allowable risk-based level for bias or variation.  Risk-based AMT, PAP, and AMC 176 
protocol acceptance criteria should, therefore, be predominately derived from the evaluation of two critical 177 
sources - (target) specification and process capability - to ensure an acceptable post-change product quality 178 
continuum. Process capability data may include historical data for the product and similar products and 179 
process(es), usually expressed in CpK values for commercial manufacturing. Other sources such as regulatory 180 
expectations may also impact acceptance criteria and should be considered when applicable.  If the consistency 181 
of the sampling process, batch uniformity, and product/sample stability is not an integral part of the 182 
manufacturing process variation or not known, these variation sources will also need to be considered. 183 
 184 

As given in ICH Q14, the product and process understanding leads to the identification of critical quality 185 
attributes (CQAs) requiring analytical measurement for control which may be included in the quality target 186 
product profile (QTPP). Relevant Analytical test method requirements can be captured in an analytical target 187 
profile (ATP) which forms the basis for development of the analytical procedure.  ATP is a concept that outlines 188 
the minimum acceptable performance characteristics to ensure the method is suitable for the intended purpose. 189 
ATP is a development activity and is used to define the analytical procedure attributes and performance criteria 190 
for analytical procedure validation (ICH Q2(R2)). The risk-based approach to setting and justifying the study 191 
protocol acceptance criteria are based on the current (target) specification and historical method performance, 192 
which may include the proven acceptable range(s) (PARs) and the method operable design region (MODR) 193 
from a method developed using an enhanced approach. Given that the PARs/MODR for a method developed 194 
using an enhanced approach would inform the historic method performance when setting the study protocol 195 
acceptance criteria, the principles outlined in Q14 are indirectly captured in the standard.   196 

While formal documentation and submission of an ATP is optional, it can be used to support study protocol 197 
acceptance criteria when the ATP lifecycle is aligned with product/process lifecycle change(s). As this standard 198 
is intended to be apply to any product development stage, including the commercial stage, and approved 199 
products, the risk-based setting and justification for study protocol acceptance criteria are based on current 200 
(target) specifications and historical analytical and manufacturing performance as described here.   201 

Acceptance criteria for an AMT, PAP, or AMC protocol can be defined using two main concepts – outside-in 202 
or inside-out. Figure 2 below illustrates how protocol acceptance criteria may be conceptually derived [1] for 203 
late stage/commercial manufacturing.  In the outside-in approach, acceptance criteria are set to assure an 204 
acceptable level of maximum (worst-case) performance of individual and total performance attributes. These 205 
method performance expectation limits are then compared to the historical method performance capability data.  206 
In those cases where limited data points exist to estimate true process and/or method capabilities, other sources 207 
such as existing PAP method performance data can be used to assist in setting acceptance criteria. The method 208 
performance criteria for AMT, PAP, and AMC should assure that the method will produce sufficiently accurate 209 
and reliable results.  210 

 211 

 212 

 213 
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Figure 2: Risk-Based “Outside-In” AMT, PAP, and AMC Study Protocol Acceptance Criteria [2] 214 

Specifications 
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of 

Specifications

Acceptance 

Criteria

Existing 

Knowledge

One-Sided 

Specifications

(NMT, NLT, LT)

Two-Sided 

Specifications

(Range)

Regulatory 

Requirements

Historical 

Method 

Performance

Historical Data 

from this 

Product and 

Process

Knowledge 

from Similar  

Product and 

Process

 215 

 216 

Whereas Figure 3 (below) illustrates how protocol acceptance criteria may be conceptually derived for early-217 
stage manufacturing for a new product type (platform manufacturing, and/or platform analytical procedure 218 
cannot be used).   In the inside-out approach, acceptance criteria for AMT and/or AMC are derived based on 219 
limited historical method performance data. For example, the AMT acceptance criteria for the TOST 220 
equivalence margins may be +/- 1.0 SDs of the method mean value of the Sending Unit (SU). The maximum 221 
allowed bias/difference would then be confirmed versus existing knowledge and specifications. 222 

 223 

Figure 3: "Inside-Out” AMT, PAP, and AMC Study Protocol Acceptance Criteria 224 

 225 

 226 
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BSR/PDA Standard 07-202x, Analytical Procedure Replacement, Transfer, and the Use of 227 
Platform Analytical Procedures for Biologics 228 

2. Scope  229 

The purpose of this document is to outline standard practices for analytical method lifecycle steps where 230 
technical guidance or standardized approaches are currently lacking, including Analytical Method Transfer 231 
(AMT) and Analytical Method Comparison (AMC) for replacing methods. This document will also provide a 232 
standard practice for the validation, qualification, and implementation of Platform Analytical Procedure (PAP) 233 
methods. The proposed standard is intended to support lifecycle management of analytical methods for biologics 234 
including manufacturers, testing laboratories, and regulatory authorities.  235 

The information will benefit users by providing the design of consistent and scientifically sound studies, 236 
enabling successful AMT, PAP, and AMC implementation, and improving quality of regulatory submissions. 237 

Part 1 (AMT) includes the application of specific AMT models and execution designs.  Appropriate statistical 238 
methodologies are provided, as well as risk evaluations and the process and rationale for setting risk-based AMT 239 
acceptance criteria [2, 5].  240 

Part 2 (PAP) includes a description of the PAP concept and the initial validation study considerations.  A 241 
standardized risk-based verification concept for follow-on products is described.  The PAP 242 
validation/verification study design, setting of acceptance criteria, relevant rationale, and documentation 243 
practices are provided [6].  244 
 245 
Part 3 (AMC) includes a description and selection rationale for appropriate comparison models (equivalence, 246 
non-inferiority, or superiority). The process and rationale for setting risk-based comparison acceptance criteria 247 
is established [2, 5].  Case studies are provided for qualitative and quantitative AMC studies.  Additional case 248 
studies are provided for replacing existing methods with novel/alternate methods which usually requires 249 
corresponding novel/alternative specifications. 250 

 251 
This standard is intended to compliment principles described in the ICH Q2(R2), Q12, and/or ICH Q14 [2-4] 252 
guidance documents, providing practical technical information. 253 

 254 

 255 

 256 

 257 

 258 

 259 

 260 
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3. Terms and Definitions 261 

Analytical Method 

Comparability (AMC) 

The documented process that confirms or demonstrates suitable 

comparability for analytical method replacements. AMC studies are also 

performed to confirm/demonstrate that a modification to an existing 

method does not lower the method’s performance capabilities to control 

relevant product safety, efficacy, or quality attributes. 

Analytical Method Transfer 

(AMT) 

The documented process that qualifies a laboratory (i.e., receiving 

unit) to perform an analytical test procedure that originates in another 

laboratory (i.e., transferring unit or sending unit). 

 

Platform Analytical 

Procedure (PAP) 

A multi-product method suitable to test quality attributes of different 

products without significant change to its operational conditions, 

system suitability and reporting structure. This type of method would 

apply to molecules that are sufficiently alike with respect to the 

attributes that the platform method is intended to measure [3,4]. 

 

Co-validation   Demonstration that the analytical procedure meets its predefined 

performance criteria when used at different laboratories for the same 

intended purpose. Co-validation can involve all (full revalidation) or a 

subset (partial revalidation) of performance characteristics potentially 

impacted by the change in laboratories [3,4].  

Comparative study When both the sending and receiving laboratories perform a validated 

analytical procedure on the same manufacturing batch and compare the 

resultant data between the laboratories.   

 

Performance Verification Consists of assessing selected performance parameters to provide 

evidence that the analytical procedure performance complies with the 

relevant validated procedures (compendia and PAP). 

 262 

 263 

4. Acronyms and Abbreviations  264 

AM(x) Analytical method (x) (synonymous with AP(x)) 

AP(x) Analytical procedure 

AMC Analytical Method Comparison 

AMD Analytical Method Development 

AMM Analytical Method Maintenance 

AMQ Analytical Method Qualification 

AMT Analytical Method Transfer 

AMV Analytical Method Validation 

ATP Analytical Target Profile 

BLA Biological License Application 
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CPV Continued Process Verification 

DL Detection Limit 

DOE Design of Experiments 

DP Drug Product 

DS Drug Substance 

FTIH First Time in Human 

HPSEC High Performance Size Exclusion Chromatography 

ICH International Conference on Harmonization 

IMP Investigational Medicinal Product 

LT Less Than 

LOD Limit of Detection 

LOQ Limit of Quantitation 

MOA Mode of Action 

NIST National Institute of Standards and Technology 

NLT Not Less Than 

NMT Not More Than 

OOS Out of Specification 

OOT Out of Trend 

(p)CQA (potential) Critical Quality Attribute 

PB Plackett-Burman (DOE) 

PAP Platform Analytical Procedure 

POC Proof of Concept 

PQ/PPQ Process (Performance) Qualification 

PV Process Validation 

QbD Quality by Design 

QL Quantitation Limit 

QTPP Quality Target Product Profile 

RU Receiving Unit 

SOP Standard Operating Procedure 

SU Sending Unit 
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5. Analytical Method Transfer (AMT) 265 

5.1  Description 266 

Analytical Method Transfer (AMT) is a documented process that qualifies a laboratory to use a method that 267 
originated in another laboratory. AMT may occur at any point in the method and product lifecycle. The stages 268 
of an AMT include an assessment of the new (or receiving) laboratory, development of the analytical method 269 
transfer protocol, including justified acceptance criteria, training of the new laboratory (if needed), execution of 270 
the transfer data analysis using appropriate statistical tools, and the conclusion(s) documented in an AMT report.  271 
Specifically, consideration should be given to the availability of required analytical and supporting equipment, 272 
software, critical reagents, standards, controls, and analysts who are skilled in the relevant analytical techniques 273 
as well as the qualification status of all materials, equipment and analysts. Pending the development stage, 274 
available documentation for the method procedure, method validation report, available historical data, and any 275 
prior method transfer reports should be reviewed to assist in the gap assessment of the receiving laboratory. 276 

A master transfer plan is a tool that can be used to document all relevant risks for analytical method transfer; 277 
illustrated in Figure 4, below.  Based upon the assessment of those risks, the transfer strategy for individual 278 
methods should be documented in the master transfer plan. The master plan should state the roles and 279 
responsibilities of the sending and receiving labs, the gap/difference analysis of the receiving lab, as well as the 280 
risk assessment summary and outcome(s), as suggested in Table 2 below. The capabilities of the receiving lab 281 
to perform the method should be assessed through a gap analysis exercise and documented in the master transfer 282 
plan.  283 

Factors to consider in the master transfer plan for assessing all relevant risks leading to a potentially unsuccessful 284 
transfer of each method are outlined in Table 3 (below) and illustrated in Figure 4.  Methods with lower risk, 285 
as determined by the method performance characteristics relative to the product risk or the similarity of the new 286 
method to a method already established at the receiving lab, may require reduced testing when compared to a 287 
higher risk method. Higher risk methods, evaluated as such due to their performance relative to the product risk, 288 
complexity of the method relative to the frequency of testing, or lack of familiarity with the methods at the 289 
receiving lab, will require a comprehensive AMT study design. 290 

Figure 4:  Suggested AMT Master Plan Development 291 

 292 

 293 
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Table 2:  Suggested AMT Responsibility Matrix 294 

Lab Suggested Responsibilities 

Sending lab - Compile QC/process data.  

- Provide all relevant documentation related to procedure. 

- Provide training, as required. 

- Establish the transfer package. 

- Write transfer protocol based on requirements of both labs and knowledge of method prior 

to transfer. 

- Establish protocol acceptance criteria. 

- Allocate resources for training and transfer study. 

- Provide critical reagents and samples, as needed, and all relevant qualification records.  

- Provide troubleshooting support. 

- Approve the transfer report. 

Receiving lab - Review the transfer package. 

- Define the transfer process. 

- Identify training requirements.  

- Verify all equipment/systems are available and appropriately qualified. 

- Inform the sending lab on potential issues identified (such as different suppliers for critical 

equipment). 

- Allocate resources for training and transfer study. 

- Analyze transfer data. 

- Write the transfer report. 

- Inform the sending lab of the outcome of the transfer. 

-Approve the transfer report. 

 295 

NOTE: The roles and responsibilities may differ and will depend on the nature of the quality agreement or 296 
relationship between the sending and receiving units.  297 

Table 3: Risk Considerations for Analytical Method Transfer  298 

Risk 

Evaluation 

Categories 

Risk Variants Example(s) Expected Potential Risk/Impact                    

Attribute(s) 

Criticality -  

CQA, p(CQA), IPC 

Starting/Raw Material, 

etc. 

DP Purity Release and 

Stability test: 

Degradation products 

during storage.  

All DP purity/stability tests transferred are higher risk 

to patients and/or sponsor.  A significant post-transfer 

bias at RU towards lower values could result in patient 

safety impact as higher impurity levels may not be 

adequately controlled (specification(s) unchanged).  A 

significant bias towards higher values may lower the 

corresponding manufacturability (CpK) and increase 

OOS likelihood.  Representative DP lot samples used in 
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a direct SU-RU equivalence study, considering all 

relevant risk variants, should be tested with risk-based, 

justified AMT acceptance criteria (see Figures 2 and 

3). 

Intended 

Purpose for 

Testing 

Routine Release and/or 

Stability Test, PPQ 

(only), Process/Product 

Characterization, etc. 

Product/Product 

characterization test 

used in product 

comparability studies.   

Risk to potentially observe significant product 

comparability difference by testing pre-manufacturing 

sample(s) pre-AMT vs. post-manufacturing post-AMT 

can be mitigated by testing all product comparability 

samples post-transfer at the RU.  This would lead to 

lower-risk product AMT testing and less stringent 

acceptance criteria (if needed).  

Product 

Lifecycle  

 

Commercial, PPQ, 

Pivotal, Early-Stage 

Product Development 

Potency testing in DP 

samples for release 

test at filling site for 

early-stage (phase 1) 

development.  The 

method was qualified 

but has not been 

validated. 

The AMQ extension study is typically executed using 

significantly fewer comparison testing 

samples/replicates at this clinical/development stage 

versus an AMV extension study for late- and/or 

commercial-stage(s).  The equivalence testing 

acceptance criteria are also typically less stringent as 

DS/DP specifications are wider than those used for late 

stage/commercial products.  However, the criticality of 

a potential potency result drift/variation to the clinical 

trial outcome(s) should be considered.  For example, a 

very narrow therapeutic window may require higher 

AMT success confidence (more samples/replicates) and 

tighter equivalence acceptance criteria.  

PAP SU/RU 

experience/ 

status   

  

PAP already in use in 

SU and RU, PAP ready 

at RU but not routinely 

used (yet), 

“New” analytical 

technology/method at 

RU  

PAP Purity test for 

DS is validated and 

approved (via market 

authorization) method 

for SU and RU  

Following a successful previous post-AMV AMT study 

execution for a highly similar product, the existing PAP 

experience at the RU with this method performance 

significantly lowers the risk to patient and/or firm.  An 

AMT waiver could be justified when the relevant PAP 

verification study execution demonstrated the 

suitability of the product for use of this PAP method. 

Manufacturabi

lity 

(CpK) 

CpK falls between 1.50 

-2.00 

 

DP Purity release test 

is validated for a 

commercial product 

and the relevant 

manufacturability is 

relatively high (CpK 

= 1.80) 

A relatively high CpK pre-AMT typically supports the 

setting and justification of wider equivalence 

acceptance criteria. 

Degree of 

Automation 

and/or Risk of 

Human Error 

Manual procedure 

steps to fully 

automated  

Few process steps to 

many/complex process 

steps 

A manual, complex, 

multi-day execution 

potency test is to be 

used to release test at 

RU 

The RU bias/variation is controlled by analyst-to-

analyst process step(s) execution similarity and/or the 

established criticality and controls for all relevant 

process steps (ex., pipetting techniques for micro-

volumes).  Criticality and required procedural 

control(s) of all variable procedure execution steps may 

not be established before AMT.  See also potency test 

example under Product Lifecycle above.  

Gap or 

Difference 

Mitigation 

Potential significance 

of established 

gaps/differences  

Different analytical 

instrument is used at 

RU for a DP Purity 

release test 

A significant bias caused by a different instrument for 

an automated purity test method may lower or raise the 

corresponding manufacturability (CpK) and OOS 

likelihood.   
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5.2 General AMT Strategy  299 

The strategy used for an analytical method to be transferred should be based on the risk factors outlined in   300 
Table 3.  The outcome of the risk assessment will determine the AMT strategy. Common approaches to AMT 301 
are described below; other approaches may also be acceptable in certain situations. 302 
 303 

a) Co-validation – Co-validation is a transfer model that includes method validation data generated at 304 
both the sending and receiving laboratories. A potential benefit of co-validation is that it enables method 305 
validation and method transfer to be performed at the same time under one protocol, which is 306 
advantageous in situations where there is limited time for the qualification of the receiving laboratory. 307 
If the RU does not obtain equivalent results when compared to SU, this may impact the overall AMV 308 
study success". 309 

 310 
b) Comparative study – A comparative study is when both the sending and receiving laboratories perform 311 

a validated analytical procedure on the same manufacturing batch[es] and compare the resultant data 312 
between the laboratories.  Acceptance criteria determine the equivalence of the two laboratories.  313 
Historical and validation data may be used when appropriate for parts of the method transfer study.  The 314 
sending laboratory typically has collected a significant amount of historical data for the method 315 
performance in addition to test results for the samples to be tested at the receiving laboratory.  316 
Acceptance criteria for the AMT should be derived following the process and conditions as illustrated 317 
in Section 1, Introduction Acceptance criteria can be set based on previous validation/qualification 318 
studies and/or recent routine QC testing data with respect to the relevant product or material 319 
specifications.   320 
 321 

c) Performance Verification – Performance verification can be used if the receiving laboratory already 322 
performs a PAP method for a similar product or for another type of sample for the same product.  In 323 
this case, a formal method transfer may not be required.  Any reduced or waived prospective study 324 
considered should be properly justified.  This concept is likely to be used for PAPs, which are not 325 
product specific. For example, if a PAP has been established in a receiving laboratory for testing MAB-326 
A, and the same PAP is used to test MAB-B, then the PAP suitability can be verified and/or waived as 327 
appropriate without a side-by-side comparative test. 328 
 329 

d) Waiver - A formal AMT study may not always be necessary, and a transfer waiver can be acceptable, 330 
provided the scientific justification is valid and documented. Possible scenarios for transfer waivers 331 
include, the scenario in which the receiving lab may already perform the same PAP; In this case, a 332 
formal AMT study and/or performance verification may not be required.   333 
 334 

 335 

5.3 Design of AMT Test Studies 336 

Prior to initiating the AMT, a gap assessment should be completed to assess all sources of variation that may 337 
contribute to differences in method performance and potential bias in the data. The AMT protocol should outline 338 
the study design, specifying method performance characteristics to compare, samples to test, justified 339 
acceptance criteria, and the statistical methodology used to evaluate the results. 340 

5.3.1 Selecting AMT Performance Characteristics 341 

The intended purpose of the method should be considered to justify the rationale of the study design and 342 
acceptance criteria for each method transfer.  Table 4 outlines the performance characteristics to be compared 343 
between laboratories for different types of methods.  Other performance characteristics covered during the 344 
validation studies may also be considered.    345 
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Table 4:  Examples of Performance Characteristics to be Assessed during AMT 346 

Type of Methods AMT Performance Characteristics Examples 

Identity tests System suitability, specificity, qualitative comparison 

(if applicable) 

Impurities (quantitative) – 

process- and/or product-related 

System suitability, precision and accuracy; consider 

several concentration levels: minimum reportable 

quantity and / or Quantitation Limit(s) and 120% of the 

product specification; stability samples may need to be 

included to assess stability-indicating capabilities, as 

relevant 

Impurities (qualitative, limit) System suitability, Detection Limit(s) 

Assay – content and potency System suitability, precision and accuracy, range, and 

stability samples may need to be included to assess 

stability-indicating capabilities, as relevant 

5.4  Sample Selection and AMT Study Design 347 

Representative sample types should be selected, as appropriate, for the application and intended purpose of the 348 
method.  For example, when comparing stability-indicating methods, degraded samples can be directly 349 
compared by both laboratories.  Sample preparation, such as different spiking levels, may significantly 350 
contribute to variation in method transfer results.  Therefore, it is important to prevent inconsistent sample 351 
preparation to reduce this potential variation and/or bias during the method transfer process. 352 
 353 
It is recommended to use multiple sample concentration levels for products of different strengths and/or matrix 354 
variation to ensure that the analytical method performance remains sufficient over these ranges. These extended 355 
AMT results may provide additional information as to whether both labs can produce similar accuracy 356 
(matching) and precision (reliability) results over the potential range of expected results.   357 
 358 
A sufficient number of samples and testing runs should be executed to establish equivalence between the two 359 
laboratories.  The ability to detect a difference or establish confidence that no difference exists is directly 360 
dependent on the number of determinations (number of results from independent runs) for each laboratory. Two 361 
common approaches for choosing the sample sizes can be envisaged based on method complexity and its known 362 
variability – fixed or variable execution matrix.  363 

A fixed AMT execution matrix does not integrate known method variation and therefore has an identical set of 364 
comparative data generated between both laboratories for each method transfer executed.  A fixed matrix can 365 
be more advantageous when transferring multiple products to/from multiple locations.  The fixed number of 366 
replicates and acceptance criteria are set for the relative difference between means found at both laboratories or 367 
by equivalence testing using two one-sided t-Test (TOST, see Table 5 below). The study typically addresses at 368 
least two independent factors (e.g., analysts and days) known from the AMV studies to (potentially) impact the 369 
reliability of routine test results.  Intermediate precision at both laboratories can be evaluated from this data set; 370 
however, when a more detailed result interpretation is desired at the receiving laboratory, a more extensive set-371 
up may be appropriate. Alternative AMT statistical approaches may also be suitable if appropriately justified. 372 
It is recommended that alternative statistical approaches are discussed with the regulatory agency(ies) in 373 
advance.  374 
 375 
 376 
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Table 5: Examples of AMT Fixed Execution Matrix  377 
 378 

Method Type AMT Execution Matrix Examples AMT Protocol Performance 

Characteristics Examples 

Identity Results for multiple positive and 

negative samples should be compared 

when comparing Specificity 

(differentiation capability).  Blind 

sample testing may be required for 

non-automated identification systems.  

System suitability met, similar or 

identical differentiation capability 

should be demonstrated.   

Impurities 

(quantitative) – 

process- and/or 

product-related 

Two operators and/or instruments on 

different days; consider spiking at 

different levels for confirming 

precision, accuracy, and Quantitation 

Limit(s). 

 

System suitability met, Quantitation 

Limit(s) confirmed, TOST (two one 

sided test at 95% confidence level). 

Note:  Results for different batches 

may not be pooled unless 

normalization prior to comparing can 

be justified. 

Impurities (qualitative, 

limit) 

Results for multiple samples below and 

above the Detection Limit(s) should be 

compared.  

System suitability met; similar 

Detection Limit’s should be 

demonstrated. 

Content uniformity, 

purity, and/or potency 

Two operators and/or instruments on 

different days. 

When testing products of multiple 

nominal strength/concentrations, 

consider a bracketing approach, using 

batches of minimum and maximum 

nominal strength/concentration.   

System suitability met, TOST (two one 

sided test at 95% confidence level). 

Note:  Results for different batches 

and/or nominal 

strengths/concentrations may not be 

pooled unless normalization prior to 

comparing can be justified. 

A variable execution matrix takes into consideration variations in results due to the method and may require a 379 
larger comparison data set for highly variable methods (see Table 6).  The selection of the AMT study design 380 
should be considered for a given situation.  For example, a variable execution matrix may be advantageous 381 
when transferring bioassays with a relatively high degree of test result variation. On the other hand, when 382 
transferring multiple assays simultaneously, in support of a product manufacturing transfer, a fixed execution 383 
matrix may be the most effective process. 384 
 385 
For highly variable methods, such as certain bioassays, the use of fixed matrices may not be adequate; a 386 
variable execution matrix should be employed.  An appropriate sample size to sufficiently power the study can 387 
be determined using the risk-based approach.  USP <1033> Biological Assay Validation [7] provides guidance 388 
on how to determine test sample size based on desired power level (1-Beta) and confidence level (1-Alpha).  389 
Typically, Alpha is set at 0.05 and power is desired to be 80%.  Sample size is determined based on these 390 
values of Alpha and Beta as well as the study design. 391 
 392 
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Table 6: Examples of AMT Variable Execution Matrix 393 

AMT Design Parameter Suggested Considerations 

How many representative 

batches – Matrix  

(number of different sample 

types and/or batches to be 

evaluated) 

Bracketing of the expected active protein concentration range should 

be considered.  The selected materials should be representative of 

routine samples. 

Retain samples, reference standards, samples at the extremes of 

acceptance limits, stability samples, and/or spiked samples should be 

used depending on the situation.   

For impurity tests, samples may be spiked or degraded so that the 

level of the impurity is below and/or above the QL (and/or 

specification limit).  If samples with a measurable impurity level are 

not available, then it may be necessary to prepare spiked samples to 

evaluate the accuracy and precision of measurable amounts of 

impurity/degradation levels during the AMT studies. 

If there are differences in the formulation, adequate testing of the 

range of formulation differences should be included.  The rationale 

for the selection of representative AMT samples should be 

documented in the AMT protocol. 

How many replicates per 

sample and lab? 

(Number of independent runs) 

The number of replicates depends on the Repeatability and 

Intermediate Precision performance of the method to be transferred 

and the desired confidence level(s) for meeting product 

specifications.  The AMV report and other related data sources (for 

example, routine test results) should be reviewed. 

How many Intermediate 

Precision variability factors? 

At least two critical factors should be selected based on prior 

knowledge of which factor(s) may have the greatest expected impact 

on test result variation. 

 394 

5.5 Acceptance Criteria and Statistical Evaluation  395 

Acceptance criteria should be established and justified for the allowed difference(s) between the sending and 396 
receiving laboratories prior to the transfer.  Risk assessments following similar concepts as those described in 397 
Section 7.5, Risk-based approach for acceptance criteria, should be performed when establishing acceptance 398 
criteria.  The intended statistical evaluation methodology should be considered.  The statistical methodology 399 
applied, such as TOST or other approaches, as well as the established acceptance criteria should be justified. 400 
Typically, equivalence testing by TOST is applicable for quantitative test methods, while probability testing is 401 
applicable for qualitative test methods.  Equivalence testing, by TOST is statistically satisfactory if the 402 
confidence interval for the difference in means between the two laboratories falls within an acceptable interval 403 
[-Θ, + Θ]. The interval should define the largest difference that can be accepted between the laboratories while 404 
not significantly impacting the RU test results.  When comparing results from two laboratories, the interval is 405 
centered around zero, reflecting the fact that there is no (significant) bias between the laboratories.  Based on 406 
the two sets of results and the pooled standard deviation from the two laboratories, a confidence interval is 407 
calculated for the difference in sample means.  The null hypothesis that the means are not equivalent is rejected 408 
once the confidence interval is strictly found within the acceptance interval.  The two sets of results are therefore 409 
considered as equivalent. 410 
 411 
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For late-stage/commercial AMTs, acceptable differences between laboratories for method performance 412 
characteristics of quantitative methods such as Accuracy and Intermediate Precision should be controlled, using 413 
an outside-in approach (Section 1, Introduction; Figure 2), based on historical data and/or previous AMV 414 
protocols/reports with respect to the specifications.  415 

For early-stage development AMTs, acceptable differences between laboratories for the method performance 416 
characteristics of quantitative methods such as Accuracy and Intermediate Precision should be controlled, using 417 
an inside-out approach (Section 1, Introduction; Figure 3), based on existing method performance knowledge. 418 

5.5.1 AMT Case Study for a Potency Test Method 419 

A validated potency test method used for commercial release of biological drug product is to be transferred 420 
from the original QC laboratory to another QC laboratory to release drug product (DP).  The analytical 421 
method generates potency (dose) results for lyophilized DP.  Three nominal doses (500, 1000, and 2000 422 
IU/vial) using an identical formulation are available.  Routine release testing is performed using three replicate 423 
preparations from each of three vials.   424 
 425 
Before analysis the content of a vial is reconstituted with 5.0 mL of water for injection (WFI) and the potency 426 
is measured in IU/mL (100 – 400 IU/mL).  The analytical method procedure's system suitability criteria 427 
include parallelism requirements for the sample, assay control, and reference standard curves.  A variable 428 
AMT execution matrix is used.  The AMT study design, acceptance criteria, and AMT study results are 429 
summarized in Tables 7 and 8, respectively. 430 
 431 
Table 7:  Potency Test Case Study - AMT Study Design and Acceptance Criteria 432 
 433 

Characteristics 

Evaluated 

Accuracy: 

The relative difference between lab means (two one-sided 90% CI) should fall between 

not be less than -Θ = 10% and not more than +/- 10.0%.  The 10.0% difference limit was 

set and justified with consideration of the product specification(s) (75-125%), manufacturing 

capability (CpK = 1.20), and the test method’s long-term intermediate precision (RSD/CV = 

6.0%).  

Intermediate Precision: 

RSD 6.0 % for all sample types, with appropriate homoscedasticity throughout the potency 

range (derived from validation results and long-term assay control monitoring).  

This means that any RSD from a sample of n=8 should not exceed 9.4 %  

Number of 

Replicates 
N

replicates 
= at least 23 independent replicates 

The confidence interval for the lab-to-lab difference for N determinations to less than the 

[10.0%, +10.0%].   

Samples to test N
level 

= 3 samples covering the range of potency/dosing results: 

Lowest dose 500 IU/vial or 100 IU/mL 

Medium dose 1000 IU/vial or 200 IU/mL 

Highest dose 2000 IU/vial or 400 IU/mL 
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Study design 

for each of n=3 

samples 

Number of operators, n = 2 

Number of days, n = 2 

Number of independent replicates per day per operator, n = 2 

Number of instruments, n = 1 (only one instrument available at RU) 

N = 8 in each lab for each of n = 3 potency levels.  Results are converted to “% recoveries 

vs. expected” to allow pooling for n=3 potency levels. 

N
Total

 = 24 individual observations will be recorded for each laboratory.   

Table 8: Potency Test Case Study - AMT Study Result Summary 434 

Separate and Pooled Potency Levels 

Evaluated  

Sending lab Receiving lab 

Statistical 

Parameters 

%Recovery 

vs. 

Theoretical 

Potency 

Statistical 

Parameters 

%Recovery 

vs. 

Theoretical 

Potency 

TOST with acceptance criteria                    

 [-10.0%, +10.0%]  

N1 24 N2 24 

Mean1 101.1 Mean2 99.4 

SD 3.5 SD 4.2 

RSD 3.4 RSD 4.2 

Pooled SD
(2)

 3.9 

Mean1-

Mean2 1.7 

t-value 1.679 

Upper 90% 

CI limit 
4 (3.6) 

Lower 90% 

CI limit 
0 (-0.1) 

Transfer Acceptance Conclusion Pass 

 435 

Figures 5 and 6 illustrate the AMT case study results using a Box Plot format.  The boxes represent the 25th -436 
75th percentile distribution of the results for the two laboratories.  Medians (line in the box) and means (cross 437 
in the box) are approximately centered while the medians are equidistant from the box hinges, providing a visual 438 
indication for a normal data distribution(s) among data points within each laboratory set.   439 
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When interpreting the results in Figure 5, one potential outlier (lower open circle outside of the whiskers) is 440 
observed in the sending lab; however, this does not change the overall interpretation for the demonstration of 441 
lab-to-lab equivalence. Also, the variation in the test results (wider 25th – 75th percentile boxes) appears to be 442 
higher in the receiving laboratory for the pooled AMT results (Figure 5) as well as for each of the three potency 443 
levels (Figure 6) which may be attributed to less test method execution experience or could have other reasons.  444 
In addition, Figure 6 shows a relatively large mean SU-RU difference for the lowest potency level. Although 445 
this could be a random observation, one of the possible reasons to be considered for prospective monitoring at 446 
the RU should be the sample preparation/dilution conditions. 447 

Figure 5: Potency Test Case Study - Box Plot of AMT Study Result Summary 448 

 449 

Figure 6: Potency Test Case Study - Box Plot of AMT Study Results for Each Potency Level 450 
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5.5.2 Considerations for Sample Preparation  452 

Test samples used in AMT studies should be carefully prepared, shipped, and stored to mitigate any differences 453 
in test results due to sample preparation.  In addition to sample preparation, shipping, and storage conditions, 454 
sample homogeneity and sample stability should also be considered for the AMT studies.  Some additional 455 
considerations are listed below and in Section 7.5.3, Points to consider when selecting test samples for 456 
evaluation of analytical method comparability.  457 
 458 

• The set(s) of sample preparations should be prepared as similarly as possible.  459 

• If applicable, suitable reference and/or control material should be selected and included in each 460 
single analytical run. 461 

• Reference material should be sufficiently characterized. 462 

• Sufficient sample and reference material aliquots should be prepared to allow for additional 463 
testing in case invalid test results are generated. 464 

• All test samples and reagents should be appropriately documented in accordance with GMP 465 
principles. Distribution and storage conditions should be defined based on expected stability of 466 
all material to be tested.  467 

 468 
5.5.3 Deviations and Failures 469 

Any deviation to the approved AMT protocol should be properly justified and approved. If any of the acceptance 470 
criteria stated in the protocol are not met during the execution of the AMT study, an investigation should be 471 
performed, and proper corrective and preventative actions implemented.  More detail on the failure investigation 472 
process is provided in Section 5.7, AMT Failure Resolution. 473 

5.5.4 Invalid Assays 474 

Assays which do not meet system suitability criteria specified in the method SOP are not included in the analysis 475 
of results for comparison to the protocol acceptance criteria.  Additional assays should be performed to replace 476 
the invalid ones.  However, invalidated assays should be described in the AMT report with the rationale for their 477 
exclusion. 478 

5.5.5 AMT Study Extension  479 

In case the initial sample size results (N1) have generated unexpected wide confidence interval(s) not allowing 480 
for a clear pass/fail conclusion, if it can be justified, the study could be extended whenever no apparent 481 
(significant practical bias) root cause exists, with an additional pre-determined set(s) (N2) of independent runs.  482 
All results should then be pooled (N1 + N2) before final interpretation.  A protocol amendment should be 483 
approved before execution of additional data sets. 484 
 485 

5.6 AMT Failure Resolution  486 

Whenever AMT results fall outside the pre-established protocol acceptance criteria, and thus, an AMT failure 487 
occurs, an investigation should be initiated.  The investigation process is illustrated in Figure 7.  Using the 488 
upper loop in Figure 7 leads essentially to three work levels - correct execution error, tighten operational 489 
limits, or optimize analytical method.  The time and effort required typically increases from the top box 490 
(“correct execution error”) to the bottom box (“optimize analytical method”).  When re-executing after 491 
correction of root cause, for example, spiked proteins were partially adsorbed at or before sample preparation 492 
to glass containers causing low % recoveries, the actual method performance should not change or improve.  493 

 494 
Unexpected high variation may require running the method system under more stringent operational limits.  495 
For example, the allowed sample preparation range(s) or overall testing time could be reduced to decrease 496 
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variations in degradation or other inconsistencies that impact the test results.  An alternative to this is to 497 
tighten the qualification requirements for test system components such as the operator proficiency 498 
qualification testing requirements.  Although these limitations may somewhat indicate that the method 499 
performance is not readily reproducible, this should lead to an improvement of the method performance at the 500 
receiving unit (RU) as well as the sending unit(s) (SU).  Any necessary method performance improvements 501 
resulting from tightening relevant operational limits should be implemented at all sites (SU and RU(s)) to 502 
prevent procedural and performance variation/drift across testing sites.  503 
 504 
When optimizing the analytical procedure, this may have the greatest effect on future method performance 505 
across testing sites.  It is also the most rigorous recovery process and may require a significant time to 506 
complete.  Because timely completion of projects is often critical for patients and manufacturers, all aspects 507 
should be considered that may impact patient safety, product quality, time required, and chance of success for 508 
the recovery process. 509 

Figure 7: AMT Failure Recovery Process 510 
 511 

 512 
 513 
 514 
 515 

6. Platform Analytical Procedure (PAP) 516 

6.1 Description  517 

A platform analytical procedure (PAP) can be defined as a multi-product method suitable to test quality 518 
attributes of different products without significant change(s) to its operational conditions, system suitability, 519 
and reporting structure.  This type of method would apply to molecules that are sufficiently alike with respect 520 
to the attributes that the platform procedure is intended to measure [2]. 521 
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6.2 Establishment of Platform Analytical Procedures 522 

Different approaches exist to establish a PAP. An established method, developed and validated to control one 523 
or more quality attribute(s) in a given product may be applied for a new product. In this case, analytical 524 
development for the new product can be abbreviated and focus on the verification that the established analytical 525 
method can control the attribute (s) in the new product without significant changes in operating conditions. 526 
When products exhibit similar structural properties or are derived from similar manufacturing processes, a PAP 527 
may be used after abbreviated development and product-specific verification. In this case an evaluation of 528 
existing validation data against a common set of acceptance criteria for respective validation characteristics can 529 
be performed to prove that acceptable method performance is achieved independently from the different 530 
products and forms the basis of the establishment of the method as a PAP.  Typically, when developing and 531 
validating an analytical procedure towards suitability for use as a PAP, the procedure is established when it can 532 
be used for three different products.  533 

Another approach for the establishment of a PAP is to include multiple products already at the design and 534 
execution stage of development and validation. Here the same principles apply as described above as the method 535 
should be applicable without significant changes for the different products. Validation data from the different 536 
products demonstrate that the validation acceptance criteria can be met for all products used in the study.  This 537 
approach is often used when an existing PAP is replaced by a more suitable/preferred PAP. 538 

Suitable for use as a PAP are those which by design and intent can generate accurate and reliable results for 539 
different products without significant methods changes. The ability of the analytical procedure to be used as a 540 
PAP for multiple products is affected by the following factors, which need to be carefully considered: 541 

a) The technology used. Analytical methods that are based on physical principles are usually less sensitive to 542 
variation in the matrices and products therefore can be applied to a wide range of conditions, whereas 543 
methods targeted to biological functions are often highly specific to the target analyte.  544 

b) The products and matrices subjected to testing. PAPs are more easily implemented in scenarios where 545 
tested products are closely related by structure and function and/or matrices are similar.  546 

c) Intended use of the method. The methods for testing of target protein(s) or product-related impurities are 547 
generally used on a closely related molecule, whereas methods for process-related impurities or excipients 548 
may be used on a wider range of products. Also, qualitative methods (e.g., identity by western blot) are 549 
generally easier to use for similar products. 550 

d) The amount of available information about the method. Well-characterized analytical methods for which 551 
substantial amount of information is available are more easily converted to PAP. Prior knowledge from 552 
literature data describing the performance of the method under different circumstances along with a 553 
company’s own data may help in preliminary determination of method’s range of applicable molecules.   554 

e) The use of reference standards or materials. The quantitative methods which are using product-specific 555 
reference standard/material and or controls generally require more effort to establish suitability for use 556 
and maintain as PAP. 557 

It is important to understand that the considerations listed above are general and should only be used for 558 

assessment of feasibility of using the method in the PAP role. These factors may be helpful in identifying the 559 

gaps in existing knowledge and designing appropriate development and verification studies. It should never be 560 

assumed, without verification, that a method is fit to test even for closely related products. Examples include 561 

methods such as protein content determination by UV spectroscopy, control of size variants by SE-HPLC, 562 

excipient quantity in formulated DS and/or DP. Relevant applications include monitoring product-related 563 

impurities and process-related impurities. These methods are typically suitable for PAP use if the lack of 564 

potential matrix interference can be established. Similar to compendial methods, a previously validated PAP 565 

method may not require full validation for each new product or sample type.  566 

 567 
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It is important to understand that establishment and use of PAP involves not only analytical development and 568 

quality control units, but also other functional units in the integration into the existing company quality 569 

systems.  Specifically, (1) procedures and criteria allowing assessment of the PAP suitability for multiple 570 

products should be developed; (2) strategies for coordinated submission and maintenance of PAP information 571 

in multiple regulatory dossiers should be considered; (3) comparative monitoring of PAP performance for all 572 

products tested should be integrated into existing and future continued process verification (CPV) programs.         573 

6.3 PAP Concept and PAP Use Benefits  574 

A typical sequence for the lifecycle of a new method is shown in Figure 8 below.  Alternative, risk-based 575 

lifecycle sequence steps may also be appropriate for highly accelerated product development programs.  The 576 

illustrated AMV process can be an ideal step sequence because the method standard operating procedure 577 

(SOP) is locked with the AMQ step and all release/stability data for Investigational Medicinal Product (IMP) 578 

is generated by a qualified method, confirmed for suitability of its intended use.  AMQ can be considered to 579 

be equivalent of phase-appropriate validation and is an abbreviated form of AMV studies, using less risk-580 

based acceptance criteria.  The AMQ study confirms that the method procedure/conditions is/are suitable for 581 

testing of the intended product/sample(s). 582 

 583 

The method robustness studies are executed after the completion of any necessary method optimization steps 584 

but before the AMT/AMV study execution so that an optimized, robust method is then validated.  The AMV 585 

studies are then executed prior to PQ studies to ensure PQ studies are performed with validated methods.  As a 586 

result, this will largely remove the remaining analytical uncertainty when conducting the PQ studies.  Like the 587 

CPV stage (PV stage 3), the Analytical Method Maintenance (AMM) program can then start with the first PQ 588 

lot tested. The illustrations below are used to provide a framework for the process. 589 

 590 

Figure 8: Typical Lifecycle Steps for a New Routine Method 591 

Process Validation (stages 2-3) and Commercial Manufacturing

Initial AMV studies (stages 1-2) and Continuous AMM (stage 3)

 592 
 593 

 594 

The additional detail provided can then be used to evaluate and illustrate which lifecycle steps can be reduced 595 

for PAP methods.  The method is qualified prior to release testing and the SOP is then “locked” until further 596 

improvements may become necessary.  For specific guidance regarding AMQ studies and post-AMQ steps, 597 

see PDA TR 57-2 [8] and PDA TR 57 [2] respectively.  Robustness studies are recommended to be completed 598 

as part of the analytical method development [4] but can be completed any time post AMQ, and pre-AMV.  599 

However, completing robustness studies early will result in less overall risk for completing rapid and 600 
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successful AMT or AMV studies.  The design of robustness studies should be based on a risk assessment, 601 

considering available knowledge from development studies and prior knowledge. Parameters assumed to 602 

affect the performance of the method should be included in the design of the robustness studies. The outcome 603 

of robustness studies informs the definition of the control strategy of the method.  604 

 605 

For the initial AMV studies, the method lifecycle steps are typically executed sequentially. As current drug 606 

substance/product (DS/DP) specifications frame the intended use of the method, and thus drive the AMV 607 

study design and acceptance criteria, it is therefore a critical confirmation step that the suitability of the 608 

method ’s intended use can be extended into any post-AMV DS/DP specification revisions.  Following the 609 

successful AMV study completion, the analytical method maintenance (AMM, AMV stage 3) typically starts.  610 

The method validation stage 3 is practically initiated before process validation stage 3 (CPV) which is 611 

typically initiated with the first post-licensure manufactured lot.  If the method is used unchanged for a similar 612 

new development product, each of the five lifecycle steps can be significantly reduced or eliminated as 613 

illustrated in Figure 9 and described in Table 9 below. 614 

 615 

Figure 9: PAP Opportunities following successful AMV Study Completion  616 

Process Validation (stages 2-3) and Commercial Manufacturing

Initial AMV studies (stages 1-2) and Continuous AMM (stage 3)

Opportunities for PAP Reduced or Eliminated Prospective Verification Studies

 617 
 618 

 619 

Starting with the reduced PAP AMQ studies of the validated PAP method, all possible reduction opportunities 620 

for prospective studies to qualify a new analyte for the PAP for all five method lifecycle steps are summarized 621 

below.  As some or most of the initially completed prospective study results are used as the foundation for 622 

each of the validation stages, additional prospective verification studies are proposed here. 623 

 624 
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Table 9: (Prospective Study) PAP Reduction Opportunities for Method Lifecycle Steps(s) 625 

AMQ – Similar to AMV studies (see below), AMQ studies can be reduced to confirm that different protein 626 

concentration(s) or formulation(s) do not impact significantly the validated characteristics; Accuracy (and 627 

inferred Specificity).  A spiking study below/over DS/DP specification(s), DL, or QL, as relevant, can be 628 

used.  629 

Robustness – previous robustness results can be used without repeating this study since the method has 630 

remained unchanged.   631 

AMT - previous AMT results can be used since the method has remained unchanged and has been in routine 632 

use at the receiving laboratory since the initial transfer.   633 

AMV – See above under AMQ and also below in the case study. 634 

AMM – Stage 3 of AMV was already initiated at the receiving laboratory for this method.  All relevant test 635 

system controls have already been established.  636 

6.4 Decision Tree and Documentation Considerations 637 

Figure 10 below illustrates a decision tree for PAP use for follow-on products and/or product variants.   638 
The application of an existing PAP should follow a risk-based assessment (see Section 6.6, Risk-based 639 
Verification Concept for Follow-on Products) to determine what, if any, supplemental validation activities are 640 
needed to establish that a method is suitable for its intended use for the new entity.  The first stage in the process 641 
is to determine if a suitable PAP exists that can be used that does not require substantial change to the method 642 
conditions, reagents or materials used, or the reporting of the result.  If there is not a suitable PAP, then method 643 
validation according to ICH Q2(R2) should be performed to demonstrate a methods suitability.  If a PAP exists, 644 
then an assessment of the method should be conducted and documented that evaluates the appropriateness based 645 
on prior knowledge of the molecule and performance of the method.  For instance, evaluation of the method 646 
range and the products acceptance criteria, matrix specificity, and understanding the CQA reportable are critical 647 
to form this assessment.  Occasionally, minor changes to the PAP may be necessary for a new molecule, and 648 
this would require reduced supplemental validation to justify suitability for use.  For example, if a new reagent 649 
is needed to establish specificity that does not change the overall performance or execution of a PAP, it would 650 
be important to demonstrate specificity.   651 

If the PAP does not require any minor changes, then the PAP validation can be extended to include in scope the 652 
new molecule.  Such extension of validation can be documented in a verification study (see Section 6.5, PAP 653 
Verification Studies) with reduced method performance evaluation to assure precision and accuracy 654 
characteristics with the new molecule are consistent with the original validation acceptance criteria.  For 655 
example, an SE-HPLC method used to report protein high-molecular weight species can be extended to a new 656 
molecule through evaluation of method precision of a well-characterized reference material. This can be 657 
included in an AMT to establish the PAP in a receiving laboratory.  658 

If the PAP is already established in a laboratory, and does not require changes to the method conditions, 659 
operating ranges, or reporting then a scientific justification of establishment of the PAP can be documented 660 
based on previous method transfer, and the completion of the assessment that the PAP is suitable for use for the 661 
new molecule.  662 
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Figure 10: Decision tree for PAP (follow-on products and/or product variants)   663 

 664 

6.5 PAP Verification Studies  665 

When a follow-on product is suitable for consideration for use with a PAP but cannot be fully justified as 666 
being highly similar for testing by this PAP, prospective verification studies should establish suitability (see 667 
Figure 10 above).   The method is often internally established as a PAP prior to agency approval using the 668 
first product submitted for marketing authorization. When the method is a potential PAP method, supporting 669 
data from other relevant products, demonstrating the ability of the method to be a PAP, should be compiled 670 
and analyzed as part of a single internal file.  When the method is submitted within marketing applications for 671 
subsequent product(s), the data generated for prior approved product(s) may be leveraged to support scaled-672 
down validation and verification studies for the current product. This data should demonstrate that the method 673 
can be used for multiple products or different sample matrices without modification of the procedure.  674 
 675 

Figure 11 below illustrates the different possibilities for the initial AMQ and/or AMV studies and any follow-676 
on post-AMQ/AMV verification studies. Whenever a PAP method is developed with the line-of-sight to use 677 
for multiple, similar products/samples, representative product samples can be included in the initial 678 
AMQ/AMV study to avoid follow-on verification studies.  When conducting AMQ and/or AMV studies for 679 
follow-on products, this can occur any time during AMV stage 1, 2, or 3 with respect to the stage of the “lead-680 
product”.  Any follow-on product, not initially included, introduced post-AMQ (stage 1) or post-AMV (stage 681 
2) should be verified to extend the qualification status or validation status, respectively. 682 
 683 

Figure 11: Establishing and Using PAP during Early-/Late-Stage Product Development and 684 

Commercial Manufacturing 685 

Included in initial 
AMQ

Included in 

(initial) AMV

AMQ-extending PAP verification studies AMV-extending PAP verification studies 
 686 
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Figure 11 above and Table 10 below capture the suggested prospective, reduced PAP verification studies to 687 

be considered.  Some prospective verification studies, covering accuracy and specificity (and QL if needed), 688 

are still functionally required for validated methods for this quantitative limit test.  The primary intent of the 689 

PAP verification study is to confirm a suitable accuracy and specificity method performance for the new 690 

product.  In addition, a suitable QL is also confirmed by using an appropriate spiking series for the accuracy 691 

study.  The suggested set of spiked samples provides all relevant method performance characteristics results, 692 

is relatively easy to prepare, and can be executed essentially in one day as shown below in Table 10.  Other 693 

method performance characteristics, such as robustness and intermediate precision, which typically take an 694 

extensive amount of laboratory work and time, are not required to be repeated. 695 

 696 

The prospective study results should be combined in the PAP verification report with relevant retrospective 697 

results (initial AMV study and/or AMM results), as illustrated in the example used in Table 10.  For the 698 

marketing authorization submission, the sponsor should submit the initial AMV study report and product-699 

specific verification results and provide a summary table containing all relevant initial AMV and PAP 700 

verification results.  For the completeness of relevant information contained in the PAP verification report, the 701 

following retrospective data should be included:  702 

 703 

• All retrospective AMV study results and acceptance criteria are not repeated in the PAP 704 

study. 705 

• The long-term AMM assay control performance (% CV) can be used alternatively or in 706 

combination with AMV Intermediate Precision. 707 

• Pre-AMV supporting method attributes as relevant. 708 

 709 

Table 10: Prospective PAP Verification Study Design Example for ICH Category III Method 710 

 711 

ICH Q2(R2) 

Validation 

Characteristic  

Analyst 

Number 

Day 

Number 

Instrument 

Number 

Validation Design 

(Spiked Analyte Concentration) 

Accuracy 1 1 1 Spike A%/F% (to final %): 

0.5, 1.0, 2.0, 4.0% (run each 3x) 

Repeatability N/A N/A N/A From Accuracy 

Specificity 1 1 1 Formulation matrix interference 

(3x)  

(also inferred from Accuracy) 

Linearity N/A N/A N/A From Accuracy 

Assay Range N/A N/A N/A From Accuracy 

QL N/A N/A N/A From Accuracy 

 712 

 713 

The prospective study results should be combined in the PAP verification report with relevant retrospective 714 

results (initial AMV study and/or AMM results).  This is illustrated in Table 11 below.  Further eliminating 715 
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prospective PAP method validation characteristics should only be considered when the new DS/DP product 716 

and the product tested in the initial AMV study have very similar separation profiles and impurity levels.   717 

For the typical separation methods, which can be used and verified as PAP methods, the product-specific 718 

elution profiles and impurity levels may greatly impact the QL determination or verification.   719 

 720 

Table 11: Combined Retrospective and Prospective PAP Validation Results for ICH Category III 721 

Method  722 

 723 

Q2 and Q14 

Validation 

Characteristic  

Retrospective 

Data/Results 

Prospective 

Data/Results 

Option(s) and Consideration(s)  

(see also Table 10) 

Accuracy No Yes Number of spiked levels; Number or 

replicates 

Precision 

(Repeatability) 

No 

(see option) 

Yes Could consider using initial AMV 

study results if insufficient replicates 

(see above) 

Precision 

(Intermediate 

Precision) 

Yes No Use long-term AMM assay control 

data (%CV) instead or in addition to 

initial AMV study results 

Specificity No Yes 

(see option) 

Only infer lack of matrix interference 

from Accuracy study 

Range 

(Reportable 

range, Response, 

and Lower range 

limit) 

No Yes Number of spiked levels; Number or 

replicates (see Accuracy) 

Robustness Yes No  N/A (completed previously) 

 724 

 725 

6.6 Risk-based Verification Concept for Follow-on Products  726 

Quality Risk Management (QRM), according to ICH Q9, should be considered in the design of verification 727 
studies for follow-on products. The impact to patients is the most critical factor in such risk assessment. For 728 
example, the specifications for the follow-on product may be different than those for the original product and 729 
may require improved performance capabilities of the method, so more rigorous verification studies may be 730 
required to verify suitability of the method to control the follow-on product.  731 

Identifying any difference(s) between the structure/function and composition of original and follow-on products, 732 
is another critical consideration. The relevance of the difference(s) in the analytical method’s performance 733 
should be assessed.  It is further recommended to assess the potential use of the PAP for relevant products in 734 
development and to integrate them in validation or verification studies as appropriate.  735 
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6.7 Internal and External Submission Documentation Practice Options 736 

The maintenance of appropriate documentation for PAP should allow for controlled additions of new products, 737 
verification of PAP method capabilities and managing of regulatory submissions and inspections. It is 738 
recommended that a standardized procedure is used for all relevant QC laboratories and test samples using a 739 
PAP method. The initial validation report for PAP should remain unchanged as this report is the foundational 740 
evidence for acceptability as a PAP method.  Any prospective validation/verification studies performed to 741 
extend PAP use for new products/samples should be documented per sponsors documentation practice. 742 

6.7.1 For internal documentation 743 

The following may be considered but not limited to support the use of PAPs:  744 

• An overarching strategic document to be developed and made available that includes relevant 745 
guidance, terminology, implementation considerations and other use conditions. This may be 746 
particularly supportive when operating/testing in multiple and global sites.   747 

• Individual PAP-specific justification/rationale to be focused on test procedure criticality for 748 
patient safety and/or manufacturing capability. 749 

• The validation summary contains justification for PAP use, validation acceptance criteria and 750 
PAP validation results. Each platform procedure to be maintained by using a continuously 751 
updated development and history file. 752 

• Product- and PAP-specific verification study designs and acceptance criteria.  753 
• Standardized PAP verification study protocols and reports. 754 

6.7.2 For regulatory submissions 755 

 The following should be considered, but not limited to, to support the use of PAPs: 756 

• The PAP description and the justification for its suitability for the specific PAP method. The 757 
extent of the initial/retrospective AMV studies performed to validate the method for similar 758 
product/samples relevant for submission. 759 

• Retrospective PAP validation results used and prospective verification results, with sufficient 760 
rationale, for the relevant product/sample(s), clearly separating but linking the initial PAP 761 
validation study results to the follow-on product verification results (and/or rationale why 762 
prospective verification studies are not required). 763 

• Standardized PAP validation summary report content and format.  764 
• In addition, references to other submissions to ensure the assessor recognizes that this PAP 765 

has been approved.  766 
 767 

7. Analytical Method Comparison (AMC) 768 

7.1 AMC Introduction 769 

Analytical method comparison (AMC) studies apply when a currently used method is to be changed for a new 770 
method. There are multiple reasons to change analytical methods such as the replacement for an improved 771 
method or a new technology.  The AMC study results are an important part of the entire change information for 772 
the new method, as regulatory approval for the use of the new or updated method is contingent upon the 773 
submitted AMC studies and relevant AMQ or AMV study results, considering the use of the method and/or 774 
stage of development.  775 
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A non-inferior, equivalent, or superior analytical method performance with respect to the impact to product 776 
safety, efficacy and/or quality should be established for the new or candidate method compared with the current 777 
analytical procedure.  For late-stage/commercial products, the AMC studies could be included as part of the 778 
formal AMV protocol - for the new method - or could simply be executed under a separate protocol after the 779 
AMV has been completed. Performing a separate method comparability study after AMV completion may have 780 
the advantage that, if the AMV results reveal that a method was not optimized, the method comparison studies 781 
can be conducted with the final, representative method procedure. 782 

7.2 Method Change Scenarios and Suggested Qualification/Validation and/or Comparative 783 
Testing  784 

                                                                                                                                                                                  785 
Five major change scenarios exist when changing an analytical procedure (refer to Figure 12 below). For each 786 
type of change scenario, the potential risk(s) to the patient and/or sponsor, as well as the comparison concept(s), 787 
study design, and acceptance criteria can vary significantly. A comprehensive change control process should be 788 
followed; specifically, to perform an assessment for the criticality of change(s) to support a risk-based approach 789 
to the comparison study required.   790 

Figure 12: Method Change Scenarios and Risk-Based Comparison Considerations  791 
 792 

 793 

 794 
 795 

New Test Method
(Scenario 1)

Full AMV Study for 
New Method

Comprehensive 
Method Comparison 
Testing and Product 

Quality / Patient 
Impact Evaluation

Replacing (Critical) 
Test Method 

Component(s) or 
Procedure Parts
(Scenarios 2-3)

Reduced Comparison 
Testing

(Scenario 2)

Comparison Testing
(Scenario 3)

 Like-for-Like 
 (not significantly 

different) ?

New Compendial 
Method

(Scenario 4)

Full Method 
Verification Study

Product Quality / 
Patient Impact 

Evaluation

New Test Method 
with Different 

Attribute(s)
(Scenario 5)

Full AMV Study for 
New (Attribute) 

Method

Comprehensive 
Product Quality / 

Patient Impact 
Evaluation

Yes

No
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Figure 12 above illustrates the major change scenarios which require some level of comparison study.  Changes 796 
to methods can vary from changing non-critical method elements to changing the analytical technology 797 
(reporting/analysing different quality attributes). Regardless of whether changes are planned or unplanned the 798 
level of risk and assurance of the level of post change control should be similar.  799 

 800 

Table 12 below lists possible, major change scenario descriptions with suggested comparison study 801 
considerations and change examples.  Each change scenario is described in more detail below, see also Table 1 802 
for product specification-based relevant method categories (ex., quantitative limit test) and relevant comparison 803 
concepts (ex., non-inferiority). 804 

 805 

 Table 12: Major Change Comparison Scenarios  806 

Major Change Comparison Scenarios1  
Comparison Study 

Considerations  
Case Study Example 

No.  Description  

1  

Entirely new (replacement) 

method with similar or 

different specification limit(s) 

but same format for reported 

results.   

Full 

Qualification/Validation 

plus Comparative 

Analysis. 

Replacing a Quantitative Limit 

Test Method: Capillary 

electrophoresis (CE) to replace 

SDS-PAGE (section 7.6.1).  

2  
Partially modified method 

(like-for-like) without 

specification reassessment.    

Full or partial 

Qualification/Validation 

and/or relevant 

Comparative Analysis.  

Replacing an instrument from 

different vendors, different 

configuration, or upgrading 

instrument software.” 

3  

Partially modified from 

Existing Method (not like-for -

like) with specification 

reassessment. 

Relevant Comparative 

Analysis.  

Replacement of Host Cell 

Proteins (HCP)-specific 

antibody within an ELISA 

(enzyme-linked immunosorbent 

assays) method (section 7.6.3). 

4  

New (Replacement) 

Compendial method with or 

without specification 

reassessment.   

Verification of relevant 

compendia procedure 

with relevant 

Comparative Analysis.  

Rapid Sterility Test (Bact-T) to 

Replace USP/EP/JP 

Compendial Sterility Test 

(section 7.6.2). 

5  

Entirely new (Replacement) 

method with completely 

different attribute readout and 

specification limit(s) and 

format for reported results.  

Full Assay 

Validation/Qualification 

Verification of method 

fit for purpose to assess 

CQA.  

Replacing CEX (and IsoQuant 

Test Methods with (only) CEX 

(section 7.8.1). 

  

Replacing an In vivo Potency 

Assay with an In vitro G-

protein based ELISA for a 

vaccine (section 7.8.2). 

 

Replacing three glycosylation 

methods with one multi-

attribute method, (MAM) 

(section 7.8.3). 
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 Two fundamental analytical control strategy elements should be considered for the qualification/validation 807 
studies (or extensions) and/or the comparative testing required to assure a future post-change yields appropriate 808 
product safety, efficacy, and/or quality level, described in section 7.2. The rigor of the change risk assessments 809 
and resulting studies increase with the change impact severity level and the product development stage(s).   810 

Scenario 1 is the replacement of a current procedure by a new procedure. Depending on the product 811 
development stage and/or use of current method, the new method should be qualified or validated according to 812 
ICH Q2(R2) (see also PDA TR 57 for further practical considerations)[1-3].  Comparative testing should be 813 
performed to confirm/validate that relevant method performance characteristics remain either essentially 814 
unchanged (vs. risk-based maximum change acceptance criteria), thus resulting in no change in specification 815 
limits, or “method performance attributes” have changed significantly, resulting in a reassessment of 816 
specifications.   817 

As summarized in Table 12, for all quantitative methods and qualitative impurity methods a significant 818 
observed mean bias should lead to a reassessment of specifications whenever those were process capability 819 
based.  A significant reduction in test result variation may also require a reassessment of specifications if those 820 
were established based on process capability as actual process/product quality level may have been 821 
proportionally widened and may impact patient safety/efficacy.  Qualitative method replacements specification 822 
reassessments are typically not required as specifications are not based on process capabilities.   Scenario 1 also 823 
applies when a compendial procedure is replaced with an in-house procedure.   824 

The comparative study used for Scenario 1 should include representative test samples representing routine test 825 
samples and potential attribute levels close to (and ideally beyond) relevant release and stability limits.    826 

Scenarios 2 and 3 apply when the procedure is modified from the current procedure. The two scenarios are 827 
distinguished by the extent of the modification(s) and the resulting qualification/validation study requirements 828 
for the modified procedure.   829 

In Scenario 2, significant procedural change(s) require a full or partial re-qualification/validation study.  830 
Conceptually similar to scenario 1, and with consideration of method category- and/or change-depending risks, 831 
a comparative study is also required to confirm/validate that relevant method performance characteristics remain 832 
either equivalent and/or non-inferior (vs. risk-based maximum change acceptance criteria). 833 

A comprehensive evaluation of the change(s) should include the potential impact on the accuracy and/or 834 
specificity of test results and the change in intermediate precision.   The comparative study design should cover 835 
all relevant method performance characteristics and the qualification/validation study results.  Whenever a 836 
significant test result shift is observed, a reassessment of specifications may be required to adjust the desired 837 
control level as needed. 838 

In Scenario 3, critical test system elements (ex., critical reagents, signal output detection device) are changed 839 
without significant procedural changes, thus not requiring additional qualification/validation studies.  A 840 
comparative study may be required to confirm/validate that relevant method performance characteristics remain 841 
equivalent (vs. risk-based maximum change acceptance criteria).  For those significant change-impact outcomes 842 
resulting in a test result shift, a reassessment of specifications may be required to adjust the desired control level 843 
as needed. 844 

Scenario 4 describes the process and considerations when changing from a currently used pharmacopeial 845 
procedure to a different pharmacopeial procedure. The sponsor should consider the implications, if relevant, 846 
changing within a local pharmacopoeia versus between pharmacopoeia (ex., USP => EP). Comparative testing 847 
should be considered if the change could potentially impact any established specifications and/or product quality 848 
levels. Those cases can be covered by the strategies proposed for categories 1, 2 and 3 as illustrated above. The 849 
same risk assessment principles will drive the strategy for validation/verification of the candidate analytical 850 
procedure and comparison of the current and candidate procedures.  851 
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As pharmacopeial procedures are typically only verified with limited studies and method history/knowledge 852 
may be limited, the potential lack of detailed knowledge about the method performance characteristics of 853 
pharmacopeial procedures may be extensive compared with other validated methods. This potential gap should 854 
be considered for comparison studies. 855 

Scenario 5 considers the pertinent factors to be established when replacing a validated method with a 856 
novel/alternate method which may result in a change in specification limits or establishment of novel 857 
specifications. More than one alternate method may be required to assess the CQA (ex. identity testing via 858 
enzymatic activity combined with molecular STR genotyping). The alternate method must be fully validated in 859 
accordance with ICH Q2(R2) and demonstrated to be fit-for-purpose.  860 

Comparative testing may not be appropriate; however, the current and proposed analytical procedures should 861 
be performed concurrently to acquire detailed knowledge to appropriately establish acceptance criteria so that 862 
the assessment of product quality is not negatively impacted. The intended purpose of the analytical procedure 863 
(characterisation, in-process control, release and/or stability) will govern the level of control required; therefore, 864 
samples must be representative of routine test samples (in-process, release, stability samples). Alternative 865 
approaches and risk assessment principles are discussed in greater detail in Section 7.7, Comparison of New 866 
Technologies to Existing Technologies.  867 

7.3 AMC Models and Rationale  868 

AMC is established to be required when the change impact assessment and the resulting conclusion that the 869 
identified change(s) and change outcome(s) is/are not like-for-like changes.  A like-for-like change would 870 
typically be sufficiently similar with a high degree of confidence and not anticipated to significantly impact 871 
method performance attributes (ex, test result accuracy/bias, reliability). The appropriate AMC model is dictated 872 
by the method category (ICH Q2(R2) I-IV) and method performance characteristics compared.  The three AMC 873 
models are illustrated in Figure 13, Figure 14, and Figure 15 below. Conceptually, qualitative results/data 874 
comparison typically requires the use of non-inferiority and/or superiority models which typically compare 875 
pass/fail probabilities (by using a 90% CI TOST for the mean difference in probability [in %, ratios, or counts]).  876 
The use of a non-inferiority model versus superiority should be justified.  In both models, the 90% CI for the 877 
mean difference should fall to the right of the pre-set (desirable direction) of the non-inferiority limit or 878 
superiority limit.  Although more commonly used as two-sided CI, a one-sided CI could also be used whenever 879 
a one-sided specification exists.  The equivalence model is applied for quantitative direct comparison testing 880 
where the 90% CI for mean difference by a TOST test is typically used. 881 

Figure 13: Non-Inferiority AMC Model 882 
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Figure 14: Superiority AMC Model 884 
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Figure 15: Equivalence AMC Model 888 
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 890 

7.4 Risk Based Study Design and Acceptance Criteria 891 

For most AMC studies, a direct comparison testing will be the best option to demonstrate that the new method 892 
will be equivalent, non-inferior, or superior for each method category. The direct comparison approaches are 893 
first conceptually described in sections 7.4.1-3. Risk-based study design options (sections 7.4.4-5) and 894 
acceptance criteria (section 7.5) for the comparison of required method performance characteristics are given 895 
below. For those method comparisons when correlations between measurement values are not possible because 896 
of the change in the analytical technology and reported results (ex., different units), alternative approaches for 897 
comparative analysis are necessary to establish continuity, as relevant, between the methods.  898 
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7.4.1 Direct Comparison Testing 899 

The four general ICH Q2(R2) method categories can be grouped into two greater categories, qualitative and 900 
quantitative methods. A qualitative method provides qualitative results (pass/fail, yes/no, or results reported 901 
simply as “less than” the action or specification level), whereas a quantitative method is expected to provide 902 
results accurately and reliably, reported in the same units as the specifications. 903 

Qualitative methods are expected to provide a current representative result (ex., “pass”) at a high probability. 904 
For qualitative limit tests, a low Detection Limit (DL) is desirable as it increases the likelihood for observing 905 
positive results at low analyte concentrations – refer to Table 1 in section 1, Introduction, that summarizes the 906 
method performance characteristics to be compared. 907 

7.4.2 Qualitative Tests 908 

All qualitative tests should contain, at minimum, a comparison of positive-to-fail ratios of spiked (low) analyte 909 
concentrations. This will ensure a comparable level of specificity of both methods. For the DL, both hit-to-miss 910 
ratios can be compared at very low analyte concentrations using probability statistics. When comparing 911 
qualitative data, noninferiority or superiority models should be used, and three possible outcomes are illustrated 912 
below [1]. 913 

• Inferiority. A particular performance characteristic compared provides significantly inferior 914 
results for the new method, therefore failing to demonstrate AMC. 915 

• Noninferiority. The new method performs at a comparable level. The new method could be 916 
superior, equivalent, or insignificantly inferior. All three outcomes are acceptable outcomes to 917 
demonstrate noninferiority. 918 

• Superiority. The new method is superior. When testing for superiority, only this outcome is 919 
acceptable. 920 

7.4.3 Quantitative Tests 921 

For all quantitative methods, the method performance characteristics accuracy and precision (intermediate 922 
precision) should be compared. Similar to the comparison of qualitative data, the comparison of intermediate 923 
precision for quantitative tests could have three acceptable outcomes (noninferiority, equivalence, or 924 
superiority). Depending on the prespecified allowable difference set and justified, a significant shift in results 925 
may require a change in the release specifications or other possible adjustments before the new method can be 926 
used for release testing. The demonstration of comparable accuracy (or result matching) of a method will 927 
therefore require the use of an equivalence model [1]. 928 

When comparing quantitative data for accuracy, two possible outcomes are illustrated below: 929 

• No equivalence.  The observed statistical difference (e.g., 90% two-sided confidence intervals) is 930 
not within the predefined acceptance criteria. The new method may be acceptable if specifications 931 
changes are justifiable or other adjustments can be made. 932 

• Equivalence. The statistical difference between both methods is completely enclosed in the 933 
acceptance criteria (i.e., the new method performs at a comparable level). 934 

7.4.4 Study Designs  935 

The success of the AMC study relies on the design and acceptance criteria of the study. The following general 936 
considerations for AMC studies should be based on change and impact using a risk-based approach. 937 

• Inclusion of critical method variation factors typically seen in intermediate precision studies 938 
to simulate and represent long-term variation. 939 
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• The number of representative products or relevant test material lots/samples, and any 940 
replicates of those used given the desired statistical confidence in concluding passing or 941 
failing AMC studies.  942 

• The setting and justification acceptance criteria for relevant method performance 943 
characteristics compared. 944 

7.4.5 Considerations for Phase / Stage Appropriate Comparative Studies- Post Approval Change 945 
Demonstrating AMC in Post-Validation Studies 946 

Pre- and post-validation AMC studies are conceptually similar. The comparison model(s) and method 947 
performance characteristics evaluated are essentially the same for any product development stage and a 948 
commercial product.  However, the comparative testing sample size, study design, statistical significance (if 949 
relevant), and acceptance criteria used should be commensurate with the risk(s) to patients and sponsor. 950 

Comparative testing acceptance criteria and/or protocol may not be required for early-stage method changes but 951 
any necessary test data selection as study outcome should be justified and included in the change control 952 
documentation.  Any comparative testing conducted simultaneously with routine material and/or product testing 953 
should be captured with appropriate documentation as required in the relevant GMP quality system/procedures. 954 

7.5 Risk-based approach for acceptance criteria in AMC Studies 955 

The success of a comparison study is pre-established with suitable acceptance criteria as justified in the 956 
comparative testing protocol. As described in Section 1 (Introduction), the acceptance criteria should be risk-957 
based and set to ensure a continuous product safety, efficacy, and/or quality.   958 

7.5.1 Approaches to consider for AMC Studies 959 

Multiple approaches for establishing acceptance criteria can potentially be justified and applied to 960 
confirm/demonstrate a continuous level(s) of required method performance characteristics (see also Section 1, 961 
Introduction, Table 1).  For example, using an “inside-out” approach in early-stage product development, where 962 
acceptance criteria are derived from current method performance, the established acceptance criteria should still 963 
ensure risk-based continuous control following this method change, if comparative study results fall close to 964 
failing the comparative testing acceptance criteria.  For late-stage/commercial product development, an 965 
“outside-in” approach, where acceptance criteria are derived from the specification and relevant, current process 966 
capability, could be used where test results of the post-change method are not expected to be significantly 967 
different from the current method, thus not requiring a potential specification reassessment. 968 

7.5.2 Risk factors to consider for AMC Studies 969 

Several risk factors are described in Table 13 below.  The criticality of the current and future method is usually 970 
captured in the product control strategy and is reflected by the (potential) critical quality attribute level/score, 971 
which in turn is based upon the potential severity to harm patients [9 - 12]. Similar to the established product 972 
attribute severity assessment level, the associated risk factor(s) for patient safety/efficacy will be a fixed 973 
contributor as manifested in relevant specification(s). As specifications are typically risk- and process-974 
capability-based in late-stage development and often tighter going into commercial product manufacturing, 975 
acceptance criteria should be justified in reference to relevant specifications.   976 

Aligned with the manufacturer’s and/or sponsor’s risk evaluation practice, the test method change evaluation 977 
should ideally follow this practice and could be performed qualitatively or quantitatively.   978 

 979 
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 Table 13: Risk Evaluation Factors and Examples for AMC Studies 980 

Risk Evaluation 

Categories 

Risk Variants Examples Expected Potential 

Risk/Impact 

Attribute(s) Type - 

Intended use  

Identity, Safety, Purity, 

Quality, Potency, and 

Stability 

a. Safety test: Sterility test 

using new rapid microbial 

method. 

b. Quality test: Excipient 

concentration at final 

production stage. 

c. Purity/Stability test: 

Degradation products 

during storage. 

a. Potential risk to patients 

and firm is very high if 

sterility test provides false 

negative results. 

b. Potential risk to patients 

is relatively low if the 

quality test provides 

inaccurate results as 

excipient is quantitatively 

added during production. 

c. Potential risk to patients 

is high if stability test is 

incapable to measure all 

degradation products 

Attribute(s) Criticality - 

Intended use  

CQA 

p(CQA) 

(CPP, KPP, NKPP) 

a. Safety test: Sterility test 

using new rapid microbial 

method. 

b. Quality test: Excipient 

concentration at final 

production stage. 

c. Purity/Stability test: 

Degradation products 

during storage. 

a. Potential risk to patients 

and firm is very high if 

sterility test provides false 

negative results. 

b. Potential risk to patients 

is relatively low if the 

quality test provides 

inaccurate results as 

excipient is quantitatively 

added during production. 

c. Potential risk to patients 

is high if stability test is 

incapable to measure all 

degradation products 

Closeness to Finished 

Product 

DP, DS, API, Intermediates, 

Starting/Raw Material 

Purity/Safety test: An 

HPSEC method is used for 

quantitation of protein 

aggregate levels.  A second 

electrophoresis method 

provides similar results for 

aggregate levels. 

If second method routinely 

supports the results of the 

primary method, the risk to 

patients may be lower if 

the primary method 

provides inaccurate results. 

Intended Use Routine Test, PPQ, 

Process/Product 

Characterization 

Purity Test: Fermentation 

impurities are measured 

before purification and 

after purification. 

Early-stage inaccurate 

impurity results from less 

reliable method are lower 

risk to patients if late-stage 

testing provides more 

accurate results. 
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Product Lifecycle  

Commercial, PPQ, 

Pivotal, Early-Stage 

Commercial, PPQ, Pivotal, 

Early-Stage 

Potency Test: Potency 

testing in drug substance 

samples. 

The potency results of in-

process samples collected 

may be affected by the 

actual sampling process 

and/or hold times before 

testing. This risk may 

therefore be higher to the 

firm as test results may not 

be representative of drug 

substance batch prior to 

filling. 

Replacement Method 

“Status”  

 

PAP  

(MAA)- “approved”  

“New” analytical 

technology/method 

Purity test: APT HPSEC 

method is used to test in-

process samples. 

Current QC experience 

with this method 

performance should lower 

the risk to patient and/or 

firm if the effect of 

different sample types is 

insignificant. 

 981 

 982 

 983 

Figure 16 below describes several risk evaluation factors, and the risk assessment process is presented as a 984 
qualitative assessment to avoid over- or under-representation of patient and/or sponsor risks for outcomes of the 985 
comparative testing.  For example, replacing a critical safety test such as the USP/EP compendial sterility test 986 
with a new-generation rapid sterility test is an extremely high patient risk and clearly outweighs all other risk 987 
evaluation factors. The resulting study design, sample size, and statistical confidence level required should 988 
therefore be commensurate with this high level of patient risk, regardless of the product development stage.  The 989 
study acceptance criteria should ideally be developed with respect to the specification(s) associated with the 990 
current method and the risk evaluation categories in Table 13 (and Figure 16) below should remain consistent.  991 
Each risk component must be evaluated, and the process documented. Similarly, replacing an identity method 992 
can also be a high-risk change if the production facility is used for multiple similar products or products with a 993 
high degree of cross-reactivity.  As an example, for a lower risk to patients and/or sponsor, the replacement of 994 
an early-stage product characterization test which does not support a (p)CQA, less rigorous comparative testing 995 
may be justified to support this change. Refer to Table 14 and Table 15 (below), for additional details on AMC 996 
studies for qualitative and quantitative test methods. 997 

 998 

 999 

 1000 

 1001 

 1002 

 1003 

 1004 

 1005 
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Figure 16:  High-Level Decision Process for AMC Studies 1006 

 1007 



M a s t e r  d r a f t                                                           PDA 07-202X V22/ 05-01-2024 

42 

 

Table 14: Examples for Qualitative Method Comparison Studies 1008 

Method Type 

(ICH Cat. no.) 

Examples 

                                                     AMC   

Risk/ 

Impact Level 

(using Table 

11) 

Performance 

Characteristics 

Method Comparison 

Study Design 

Statistical 

Methodology 
Acceptance Criteria  

Rationale/ Comments 

Identification - 

Present/Absent 

(cat. I) 

Safety Test, replace 

existing 5-day 

Sterility Test with 

faster 2-day Sterility 

Test 

(Very) High Specificity 

 

Compare detection 

probabilities for selected 

spiked microbial organisms 

at low levels (above/below 

5-day Sterility Test DL) 

Non-Inferiority of 2-day 

Test for Pass/Fail 

Ratio(s) or Probabilities  

Justified (-) margin for 

individual or pooled one-

sided 90% CI mean  

difference between 5-day and  

2-day test results. 

Non-inferiority comparison 

model justified as more 

frequent testing will be 

scheduled, and test results 

obtained faster. Pooling of 

test results groups for 

selected microorganisms 

justified if pass/fail 

probabilities are similar 

among spiked organisms.  

Impurity – Limit 

(cat. III) 

Replace existing 

Host Cell DNA 

(q)PCR test used to 

test and release DS 

with an advanced 

automated (q)PCR 

and more sensitive 

test method.  Product 

to be administrated to 

patients during 

pivotal clinical 

phase.  

High Specificity Compare detection 

probabilities for selected 

low spiked microbial spike 

concentrations and/or 

sample dilution levels at 

low levels (above/below 5-

day Sterility Test DL) 

Non-Inferiority of 

automated test for 

pass/fail low spike 

concentration levels 

bracketing existing DL. 

Justified (-) margin for 

individual or pooled one-

sided 90% CI mean  

difference between pass/fail 

probabilities between both 

methods. 

Non-inferiority comparison 

model justified as new test 

method is automated, more 

reliable, and DL expected to 

be lower (superior). 

 
Detection Limit Compare established DL of 

automated test to existing 

test method using same 

methodology for 

establishing DL.   

Superiority of automated 

test (lower DL) 

established as lower-than 

current method’s spike 

levels can be consistently 

detected using a one-

sided 90% CI t-test to 

assure at least 95% 

confidence. 

Established DL for automated 

method should be 

significantly lower 

statistically (at 95% 

confidence level) than 

existing method’s DL. 

Automated method is to be 

implemented as an improved 

and more sensitive test 

method.  Superiority should 

be established given the 

expected lower DL for Host 

Cell DNA. 

 1009 
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Table 15: Examples for Quantitative Method Comparison Studies  1010 

Method Type 

(ICH Cat. no.) 

Example  

(using CpK-values) 

Consider Release and 

Stability (if relevant) 

AMC   

Risk/Impact 

Level (from 

above) 

Performance 

Characteristics 

Method Comparison 

Study Design Statistical 

Methodology 

Acceptance 

Criteria  

Rationale/Comments 

Impurity - Quantitative 

(cat. II) 

 

Replacing a Quantitative Limit 

Test Method: Capillary 

electrophoresis (CE) to replace 

SDS-PAGE 

 

(see also section 7.6.1) 

CpK = 1.7(+) for 

Release and/or Stability 

High 

R/S Test;  

Commercial.  

CQA test  

Etc. 

 

Accuracy Test n=30 representative 

DP lots (pooled or 

alternated, if needed) to 

compare mean release test 

results. 

 

TOST for 

matched-paired 

t-test  

TOST 

Equivalence 

Margin to +/- 

0.50% (reported 

% results) 

DP release CpK of 1.7 was 

determined for the one-sided, 

lower specification limit (LSL) 

since the product specification(s) 

is/are one-sided:  The current CpK 

of 1.7 was used to establish and 

justify the DP release equivalence 

acceptance criteria (0.50%). 

Intermediate 

Precision 

Same data as above, plus 

AMV data 

TOST (see 

Accuracy) 

 

RSD  

TOST 

Equivalence 

Margin to +/- 

0.50% (reported 

% results) 

 

From AMV 

study: RSD 

(%CV) of CE 

method to be 

NMT + 1.0% of 

SDS Page 

Method 

The intermediate precision of both 

methods impacts the width of the 

90% two-sided CI for the mean 

difference between the two 

method results.  This equivalence 

test model therefore integrates the 

total analytical error (TAE) of 

each method into the outcome of 

the analytical bias (mean 

difference) study results. 

RSDs (%CV) for Intermediate 

Precision of the from the AMV 

study results were compared from 

the AMV study results and/or 

assay control long-term variation.   

 

Intermediate precision (% CV) 

was improved with the CE method 

(lower % CV).   

Specificity AMV data (retrospectively) % Recovery, 

other options 

From AMV 

study: CE test 

method 

specificity 

acceptance 

criteria   

No significant matrix interference 

to be observed. 
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Stability-Indicating Compare n=x degradation 

rates or degradation level(s) 

at t=X 

TOST for 

pooled 

degradation 

rates (if 

pooling can be 

justified).   If 

data cannot be 

pooled, 

compare mean 

and worse-case 

degradation 

rates. 

Maximum 

acceptable 

difference 

marginfor the 

pooled (n=3) 

DP stability 

regression 

slopes one-sided 

90% prediction 

interval for CE 

method to be 

NMT (-)0.40%. 

The stability (end of shelf-life) 

equivalence margin of 0.40% was 

established and justified similar to 

Accuracy. The degradation 

regression line slopes from n=6 

representative DP stability lots 

were pooled as none of the 

regression line slopes were 

statistically different p (>/=0.05).  

The lower 90% one-sided 

prediction interval of the average 

(n=6) slope for the EOSL (4 years) 

of 0.60% was subsequently used to 

establish the maximum acceptable 

limit (0.40%) for the allowable 

difference in the pooled (n=3) DP 

stability regression slope one-sided 

90% prediction interval for the 

new method.   

Assay (Content, Potency) 

(cat. IV)  

 

Relative Potency Binding-

Assay to be replaced with Cell-

Based Relative Potency Assay  

 

CpK = 1.4(+) for 

Release and 1.2(+) for 

Stability  

Current specification 

(60-140%) is same for 

Release and Stability 

 

(Very) High 

R/S Relative 

Potency Test.  

Pre-Pivotal CTM 

(change 

implemented via 

pivotal 

IND/IMPD 

amendment) 

CQA test  

Etc. 

 

Accuracy Side-by-side test 

(concurrently if possible) 

all a representative (total 

n=26) pre-pivotal CTM 

release/stability samples to 

establish MoA-based new 

specification(s) for Release 

and Stability. 

TOST for 

matched-paired 

t-test 

Equivalence 

margins for the 

two one-sided 

90% CI for 

mean difference 

to be 79-121%.    

Established to account for new 

relative potency assay non-

inferiority limit (13% RSD) for 

Intermediate Precision. Non-

inferiority (+3% RSD vs current 

assay) is justified as new assay is 

MoA-but based on relative 

potency (vs MoA-based, qualified 

reference standard).  Limit(s) are 

set to not exceed current 

specification(s) as product has 

relatively narrow therapeutic 

window.   

Failing to pass equivalence test 

may require a re-evaluation of 

potential wider specifications for 

pivotal CTM given the desired 

therapeutic dose window. 
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   Intermediate 

Precision 

 

Same data as above, plus 

AMV data (retrospectively) 

TOST for 

Equivalence 

and RSD based 

on Non-

Inferiority 

Equivalence 

margins for two 

one-sided 90% 

CI to fall inside 

81-119%.    

% RSD ≤ 13% 

(AMV) 

See above under Accuracy 

Non-inferiority (+3% RSD vs 

current assay) is justified as new 

assay is MoA-but based on relative 

potency (vs MoA-based, qualified 

reference standard).  Limit(s) are 

set to not exceed current 

specification(s) as product has 

relatively narrow therapeutic 

window.   

   Specificity 

 

AMV data (retrospectively) % Recovery, 

other options 

No significant 

matrix and/or 

process impurity 

interference for 

validated assay 

range (50 – 

150% relative 

potency). 

The specificity or lack of matrix 

and/or potential process impurity 

interference was determined to be 

insignificant and considered 

acceptable for both methods 

   Stability-Indicating Compare n=x degradation 

rates or degradation level(s) 

at t=X 

TOST for 

pooled 

degradation 

rates (if 

pooling can be 

justified and 

sufficient 

stability 

lots/data is 

available).   If 

data cannot be 

pooled, 

compare mean 

and worse-case 

degradation 

rates. 

See Accuracy 

Degradation 

rate(s) or levels 

for desired 

shelf-life not to 

exceed Non-

Inferiority limit 

of 5% (vs 

current method) 

See Accuracy 

Failing to pass equivalence test 

and /or Non-Inferiority limit may 

require a re-evaluation of potential 

wider specifications for pivotal 

CTM given the desired therapeutic 

dose window.  Release and Shelf-

life specifications may need to be 

re-evaluated. 

 1011 
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In addition to the management of the risk/impact severity represented by the change, the control of the 1012 
consistency of quantitative results in relation to the product specifications must also be considered. This can be 1013 
done by measuring the process capability index or process capability ratio, the ability of a process to produce 1014 
output within specification limits [2]. The concept of process capability only holds meaning for processes that 1015 
are in a state of statistical control. Process capability indices measure how much variation a process experiences 1016 
relative to its specification limits and allows different processes to be compared with respect to how well an 1017 
organization controls them. 1018 

The acceptance criteria set to control a change might also consider the maintenance or improvement of the Cpk 1019 
value and the control of the consistency of results in relation to the product specifications. A low Cpk before 1020 
the change may result in more restrictive criteria for the comparability study or will require a different study 1021 
outcome interpretation. Refer to Table 16, for suggested acceptance criteria when informed by process 1022 
capability. 1023 

Table 16:  Examples of AMC Acceptance Criteria for Quantitative Methods Using an Inside-Out Approach 1024 
 1025 

CpK Value Suggested Acceptance Criteria based on Current Method 

Above 2.00 TBD (widest possible ACs);  

Example: TOST equivalence margin(s) to be an equivalent CpK reduction of 

0.67 (CpK post-AMC is still above 1.33) 

1.50 – 2.00 TBD (relatively wide ACs) 

1.00 – 1.50 TBD (typical late-stage/commercial ACs) 

Below 1.00 TBD (tightest possible ACs) 

Example: TOST equivalence margin(s) to be an equivalent CpK reduction of 

< 0.33 (CpK post-AMC is only < 0.67) 

 1026 

7.5.3 Points to consider when selecting test samples for evaluation of analytical method comparability.  1027 

Samples used in the AMC studies should represent the product that is routinely tested and consider the 1028 
criticality of the attribute and intended purpose of the method. General considerations for test sample selection 1029 
and AMC study execution are given below.    1030 
 1031 

• Samples from different batches and relevant production steps should be selected to represent 1032 
manufacturing variability.  1033 

• Samples of different age, and/or forced degraded samples should be selected to demonstrate the new 1034 
method is stability indicating and support the comparison of degradation rates. 1035 

• Samples representing relevant product variants and/or historical ranges of critical product-related 1036 
impurities should be included. 1037 

• The samples should cover the specification range if impact to product specifications is anticipated or 1038 
if the bias between methods is variable across the range. 1039 

• Test sample stability over the duration of the study should be considered. 1040 
• The level of effort for the study design and formality of documentation should be commensurate with 1041 

the risk to the product specification, hence the criticality of the analytical method (see Table 13). 1042 
 1043 

Whenever possible, side-by-side testing should be performed for AMC studies.  If routine testing is relatively 1044 
frequent and the test method change(s) and/or replacement can be implemented with a prospective change 1045 
plan/protocol, routine samples could be tested concurrently with the new method.  This would avoid generating 1046 
any potential re-testing results with the current test method.  Whenever concurrent testing cannot be done or 1047 
may not be sufficient, the following AMC testing options should be considered. 1048 
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• Re-testing of DS/DP (released GMP lots).  This should be avoided for AMC (and AMT) studies, except 1049 
for, characterization testing, and DS/DP stressed stability condition(s). Test sample considerations, 1050 
using alternative (representative) material is given below.  Additional acceptable options could also be 1051 
considered. 1052 

• Expired DS/DP: Available samples can be conveniently used for side-by-side testing without further 1053 
preparation.  No DS/DP lots in distribution (or filings) will be implicated if OOT/OOS results are 1054 
obtained. When OOS/OOT results are observed in AMC testing, this could be challenging to evaluate 1055 
since a reference value is less reliable (only estimated/extrapolated). 1056 

• Reference standard and/or assay control(s): Available samples can be conveniently used for side-1057 
by-side testing without further preparation. Reliable reference values exist so that comparison 1058 
acceptance criteria can be set with relatively high degree of confidence.   1059 

• Stressing/Spiking of DS/DP: OOS results do not really apply and may be intentional for some samples 1060 
to simulate testing and samples close to and/or above the OOS level(s).  These manipulated samples are 1061 
recommended to compare test methods at the point of failure and are typically used for AMQ/AMV 1062 
studies to bracket the product specifications. However, these AMC samples are by themselves not 1063 
sufficient to evaluate test method performance and/or bias for routine DS/DP results. 1064 

• Blending of DS/DP lot samples: Available samples can be relatively easily prepared and used for side-1065 
by-side testing. No DS/DP lots in distribution (or filings) will be implicated if OOT/OOS results are 1066 
obtained. When OOS/OOT results are observed in AMC testing, this could be challenging to evaluate 1067 
since no direct reference values (expected results) are readily available due to blending of multiple lots. 1068 

An appropriate sample size should be determined using the risk-based approaches, as outlined in TR57 and 1069 
USP’s proposed general chapter PF 35(2) <1033> Biological Assay Validation [2,7]. Sample size should 1070 
consider method complexity, variability, and type (quantitative versus qualitative), attribute criticality, prior 1071 
knowledge, and practicality. The sample size must support the power comparison/confidence needed to 1072 
demonstrate equivalence or other AMC study conditions.  1073 

If new process-related impurities or product-related substances are detected with the replacement or modified 1074 
method, samples from historical batches should be analyzed to demonstrate that the newly detected impurities 1075 
or substances are a result of an increase in the sensitivity or selectivity of the replacement or modified method, 1076 
and not a result of a change to process-related impurities or product-related substances.  1077 

 1078 

7.6 AMC Case Studies  1079 

7.6.1 Case study 1 - Replacing a Quantitative Limit Test Method: Capillary electrophoresis (CE) to 1080 
replace SDS-PAGE  1081 

Case study 1 represents scenario 1 described in Table 12. A capillary electrophoresis (CE) method was validated 1082 
and compared to an approved SDS-PAGE electrophoretic method used to control product-related impurities in 1083 
a commercial monoclonal antibody (mAb) drug product, with the intent to replace it. Using Tables 15 and 16 1084 
for the risk evaluation and manufacturability, respectively, the outcome of the AMC is briefly summarized in 1085 
Table 17, below.  The risk evaluation requires a maximum level of confidence that the new method performs 1086 
equal or better, thus using a high number of comparison test samples.   1087 

 1088 

 1089 
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Table 17: Risk Categories and Evaluation for Case Study 1 – Replace SDS-PAGE with CE 1090 

Risk Evaluation 

Categories 

Risk Variants Case Study Example/Outcome 

Attribute(s) Type  Purity and Stability Controlling protein impurities and degradation products 

during manufacturing and storage.  

Attribute(s) Criticality  CQA Controlling a CQA with potentially severe patient 

safety. 

Closeness to Finished 

Product  

DP Final control point for product release and shelf-life 

Intended Use  Routine Test Primary purity release and stability test to assure a safe 

product 

Product Lifecycle  Commercial Production Large patient population and highest possible patient 

impact.  Highest regulatory expectations for approval. 

Replacement Method 

“Status”   

Current PAP replaced 

with new method 

(potential new PAP) 

Extensive method performance knowledge with current 

APP method.  Far less method performance 

knowledge/certainty with new method. 

 1091 

The method performance characteristics (quantitative limit test) are directly compared in AMC studies or 1092 
indirectly from AMV study results following the suggestions in Section 1, Introduction, Table 1. 1093 

- Accuracy (“matching”) is directly compared through product sample testing (release and stability). 1094 

- (Intermediate) precision is compared historically and concurrently by comparing the long-term assay 1095 
control variation of a drug product-representative material.  As expected, the intermediate precision (% CV) 1096 
was improved with the CE method (lower % CV).  The intermediate precision of both methods impacts the 1097 
width of the 90% two-sided CI for the mean difference between the two method results.  This equivalence test 1098 
model therefore integrates the total analytical error (TAE) of each method into the outcome of the analytical 1099 
bias (mean difference) study results. 1100 

- Quantitation limit(s), Assay Range(s), Specificity, and Stability-Indicating were compared indirectly 1101 
by a retrospective comparison of the method performance characteristics from the AMV studies.  As expected, 1102 
the QL of the CE method was slightly lower while the upper QL was similar between methods, and thus, the 1103 
Assay Range was suitable for the intended use. The specificity or lack of matrix and/or potential process 1104 
impurity interference was determined to be insignificant and considered acceptable for both methods.   1105 

Figure 17 below graphically summarizes representative historical DP lot release results (n=30) and DP stability 1106 
results (n=6 lots).  In this figure, the current manufacturing capability (mean +/- 3 SDs) has been significantly 1107 
better than the desirable minimum capability as typically expressed by a process capability (CpK) value of 1.00.  1108 
Similarly, the predicted stability changes/degradation measured by the current method are significantly smaller 1109 
than the worst-case maximum DP release-to-stability (EOSL) differential (DPR – DPS = 1.0%). 1110 

 1111 
 1112 

 1113 

 1114 
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Figure 17: Evaluating Process Capability (CpK) for DP Release and Stability – Case Study 1 [13] 1115 

 1116 

A suitable statistical methodology (TOST) was selected given the risk evaluation outcome and the quantitative 1117 
limit method category considerations.  Using the commercial process capability of the current method, CpK = 1118 
min x [(USL – mean/3σ), (mean – LSL/3σ) , where: σ is the standard deviation; upper specification limit = USL; 1119 
lower specification limit = LSL, a DP release CpK was determined for the one-sided, lower specification limit 1120 
(LSL) since the product specification(s) is/are one-sided:  The current CpK of 1.7 was used to establish and 1121 
justify the DP release equivalence acceptance criteria (0.50%).  The stability (end of shelf-life) equivalence 1122 
margin of 0.40% was established and similarly justified. 1123 

CpK(LSL) = (99.2% - 98.0%) / (3 x 0.23%) = 1.7   1124 

The stability (end of shelf-life) equivalence margin of 0.40% was established and similarly justified. The 1125 
degradation regression line slopes from n=6 representative DP stability lots were pooled as none of the 1126 
regression line slopes were statistically different p (>/=0.05).  The lower 90% one-sided prediction interval of 1127 
the average (n=6) slope for the EOSL (4 years) of 0.60% was subsequently used to establish the maximum 1128 
acceptable limit (0.40%) for the allowable difference in the pooled (n=3) DP stability regression slope one-sided 1129 
90% prediction interval for the new method.   1130 

The long-term assay variation has been included practically into the stability data of the current method over 1131 
extended time period (> 4 years) and was simulated by testing the new method with varying critical method 1132 
variation factors (instruments, days, etc.).  In addition, accelerated and/or stressed DP stability samples 1133 
exceeding the EOSL specification limit of 97.0% were compared by both methods to ensure that the unchanged 1134 
DP specification(s) will be suitable to maintain a similar product purity level at and beyond the specification 1135 
level(s).   1136 

Any prospective retesting of DP lots used in commercial product distribution for the purpose of method 1137 
comparison studies should be carefully considered.  Other options may need to be considered, such as concurrent 1138 
testing when the new method is also used in testing DP lots routinely (in parallel), and/or, using representative 1139 
historical release/stability data for the current method while prospectively testing only with the new method. 1140 
Deliberate pooling of DP lots can be used to avoid different duplicate results, see also section 7.5.1, Approaches 1141 
to consider for AMC Studies. 1142 

Both methods are to be run simultaneously (side-by-side) for each of a total of n=30 reported results.  Results 1143 
are then compared by two-sided matched-paired t-test statistics with pre-specified equivalence limits of 1144 
plus/minus 0.50% (% = reported percent and not relative percent).   1145 
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Current Method
(Purity %)

1 2 3 4

100.0%

98.5%

DP EOSL NLT 97.0%

99.5%

99.0%

98.0%     

97.0%

Pooled n=6 DP lots (R -EOSL = 0.60%)

Predicted R – EOSL Difference:
Long-term assay variation + pooled slope 

uncertainty (n=6 DP)

Mean +/
- 3 SDs

Historical DP 
Release 

Results (n=40)

DP Release
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Figure 18: Establishing and Justifying Release and Stability Equivalence Acceptance Criteria – Case 1146 
Study 1 1147 

 1148 

Figure 18 above illustrates how release and stability equivalence acceptance criteria were set and justified. A 1149 
limit of plus/minus 0.50% was chosen for the equivalence category between both impurity levels from the 1150 
analysis of historical data with respect to the current specifications (for SDS-PAGE), as illustrated in Figure 19 1151 
below.  The historical DP release data (last n=30) shows a current manufacturing capability significantly greater 1152 
than a CpK of 1.0 (> 3 SDs).  Using the DP release and stability specifications with the intent to leave those 1153 
unchanged, this maximum difference of 0.50% allowed will ensure that a desired minimum DP manufacturing 1154 
capability remains acceptable (CpK ≥ 1.0), as illustrated in Figure 19.   1155 

Although, practically, a one-sided equivalence test could have been applied due to the anticipated one-sided 1156 
bias towards lower purity results by the new method, this atypical option was not selected as the actual lower 1157 
acceptance criteria and outcome(s) would have been identical.   1158 

The comparison of stability test results was done separately.  Similar to the release test result comparison, a 1159 
delta of +/- 0.40% was set for the equivalence margins between both impurity levels for stability testing from 1160 
the analysis of historical stability data (n=6 DP lots), see also Figure 20 below.   1161 

The option to pool release and stability data when comparing both methods was not selected as a 1162 
time/temperature-dependent diverging of relevant degradation/stability data was expected based on increased 1163 
sensitivity (lower QL) of the new method.   DP release and stability data were therefore compared separately 1164 
with separate acceptance criteria, established from the corresponding specification limits and based on 1165 
manufacturing capability and predicted stability changes over the approved DP shelf-life.  The average DP 1166 
stability changes was 0.6% when using the current method with a specification limit differential of 1.0%.  As a 1167 
diverging, proportionally higher degradation/change rate was anticipated for the new method at the end of shelf-1168 
life, the maximum difference for the new method (vs. old method) was therefore limited to 0.4% at 4 years 1169 
shelf-life.   1170 

 1171 

 1172 

 1173 

 1174 
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Figure 19: AMC Equivalence Testing Results for DP Release  1175 
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 1177 

Figure 19 above, illustrates the DP release equivalence testing results.  While statistically significantly different 1178 
(90% confidence; two-sided), the 90% confidence interval falls entirely into the (+/-) 0.50% equivalence 1179 
margins and, therefore, is considered a practically insignificant difference and passes the acceptance criteria of 1180 
the equivalence testing.  The mean difference for the new method was determined to be (-) 0.25% and future 1181 
DP results are expected to have lower purity results by this bias when using the new method.   1182 

 1183 

Figure 20:  AMC Results for DP Release and Stability Testing – Case Study 1 1184 

 1185 

 1186 
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AMC study results, illustrated in Figure 20 above, show again the equivalence testing results for DP release 1187 
with a mean difference of 0.25% (yellow bar on x-axis).  Also shown are the distributions (mean +/- 3 SDs) of 1188 
release testing results (n=30) for each method.  Although the new method provided a bias of test result means 1189 
of (-)0.25%, the tighter release result distribution resulting from the desirable decreased method variation, as 1190 
indicated with the blue column above, does provide a manufacturability improvement (CpK(new method) > 1191 
CpK(current method)).   1192 

The combined difference for the expected future total difference at the DP end of shelf-life (EOSL of 4 years) 1193 
was estimated to be (-)0.55%.  The net difference for DP stability (4 years) was (-)0.30% and within the 1194 
acceptance criteria.  When testing with a more sensitive and reliable method, the time- and condition-dependent 1195 
degradation estimates for both methods were shown to diverge. The new method may detect a degradation of a 1196 
product and/or change at an earlier timepoint.  The overall manufacturability has been at least maintained when 1197 
considering both DP release and stability specification limits (CpK(new method) no less than CpK(current method)).  As 1198 
release and stability comparison acceptance criteria were set based on the desired outcome to leave the drug 1199 
product/release specifications unchanged, the AMC results demonstrated the desired outcome.   1200 

Figure 21:  Potential Equivalence Testing Outcomes and Interpretation 1201 

 1202 

 1203 

Figure 21 illustrates hypothetical AMC equivalence test study outcomes.  Moving from left to right in the above 1204 
figure, the AMC study results for the 90% CI for the matched-paired mean difference (left CI in green), using 1205 
a two one-sided t-test (TOST), showed that we passed the equivalence margins (delta), although a statistically 1206 
significant difference has been observed (at 90% confidence level).  Based on the set-up of the AMC study, this 1207 
method change can therefore be submitted or agency-approval without the request for a specification revision.  1208 

The next possible outcome (moving to the right) also passed the equivalence margins, but in addition, also failed 1209 
to show a statistical difference.  Like the most-left CI in Figure 21, the third (green) CI also passed equivalence 1210 
margins while observing a statistically significant difference.  Thus, all three (green) outcome scenarios will 1211 
allow us to change methods without having to change specifications.    1212 
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The 90% TOST CI overlapping the (+) equivalence delta is, in this specific acceptance condition set-up, the 1213 
most undesirable outcome as we cannot demonstrate a risk-based equivalence, post-change impact for patient 1214 
safety without changing specifications.  On the other hand, we also do not have convincing justification given 1215 
our comparison results and acceptance condition-based justification.  Recovery options to consider for the least 1216 
straightforward outcome could be, for example, to consider protocol amendment-driven additional comparison 1217 
testing if the lot/material source sample size was relatively small. 1218 

The failing equivalence AMC study (red CI) will require a specification revision to compensate for the 1219 
statistically significant, as well as the CpK-based practically significant, bias observed.  Although the acceptance 1220 
criteria were failed, convincing evidence exists that a specification revision is required when using the new 1221 
method.  The pre-approval regulatory submission for the new method should therefore include a request for a 1222 
specification revision based on the AMC study outcome. 1223 

7.6.2    Case Study 2: Replacing a Compendial test with an Automated test: Rapid Sterility Test    1224 
(Bact-T) to Replace USP/EP/JP Compendial Sterility Test  1225 

Case study 2 represents scenario 4 described in Table 12. A faster and technologically advanced Bact-T method 1226 
for (upstream in-process) sterility testing is to be implemented and intended to replace the currently used 1227 
compendial USP/EP/JP method for an autologous CGT product during late-stage product development.  The 1228 
rapid sterility test was validated and the detection capability for all potential, relevant ATCC microorganisms 1229 
and manufacturing plant isolates is compared to the compendial EP/USP Sterility Test.   1230 

Using Table 18 for the risk evaluation, the outcome is briefly summarized in Table 19.  The risk evaluation 1231 
requires a very high level of confidence that the new method performance is not inferior to that of the current 1232 
compendial method.  Non-inferiority model use can be justified based on the highly desirable faster testing and 1233 
product release for autologous CGT product receiving patients.  A highly significant reduction of from the 1234 
current 14/28 days to ≤ 5 days for the routine testing duration is the primary justification for using a non-1235 
inferiority model.  A relatively high number of comparison testing samples is required to demonstrate non-1236 
inferiority. 1237 

Table 18: Risk Evaluation for Compendial Sterility Test Replacement with Bact-T Test Method 1238 

Risk Evaluation Categories Risk Variants Case Study Example/Outcome 

Attribute(s) Type - Intended 

use  

Safety Assuring sterile in-process intermediates and final 

product. 

Attribute(s) Criticality 

(Intended use)  

CQA Controlling a significant CQA with potentially 

extremely severe patient safety impact. 

Closeness to Finished 

Product  

Intermediates and DP Final control point for product release. 

Intended Use 

 

Routine Test Primary sterility release and stability test to assure a 

safe product 

Product Lifecycle 

 

Late-stage Product 

Development (and 

intended for Commercial 

Manufacturing) 

Large patient population(s) and highest possible 

patient impact.  Highest regulatory expectations for 

approval. 

Replacement Method 

“Status”  

 

Current compendial 

method replaced with 

already agency-approved 

method which could 

potentially be a new PAP) 

Extensive method performance knowledge with 

current compendial method. Significant industry 

experience exists using this newer technology for 

biologics and/or CGTs.  Far less method 

performance knowledge/certainty with new method. 
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The method performance characteristics (qualitative test) are directly compared in AMC studies or indirectly 1239 
from AMV study results following the suggestions from Table 1. 1240 

- Detection Probabilities for selected spiked microbial organisms at low levels (above/below compendial 1241 
Sterility Test DL(s)). 1242 

- Specificity was compared simultaneously, directly by a retrospective and prospective comparison data 1243 
from the AMV studies and prospective comparison testing.  As expected, the detection capabilities and 1244 
inferred specificity of the Bact-T method was not inferior for all relevant microorganisms and test samples 1245 
(intermediates and DP).  The specificity or lack of matrix and/or potential process impurity interference was 1246 
determined to be acceptable and non-inferior with respect to the compendial sterility test. 1247 

7.6.2.1 Comparison testing model, study details, acceptance criteria, and result interpretation. 1248 

• The current proportions (presence or absence of microbial growth) of the USP/EP method is approx. 1249 
77% (23% false negative results with SD of approx. 5.0%) probabilities for selected spiked microbial 1250 
organisms at low levels (above/below 5-day Sterility Test DL), see Table 19.  1251 
 1252 

 Non-inferiority comparison model was used and justified as more frequent testing will be scheduled, and test 1253 
results obtained faster. 1254 

Justified non-inferiority (-) margin for individual or pooled one-sided 95% CI mean difference between 1255 
compendial.  1256 

• Using a Proportions Test, the non-inferiority comparison acceptance criterion for a one-sided (lower) 1257 
margin at the 95% confidence level (p=0.05) was established to be (–) 10.0%.  The -10.0% limit 1258 
versus the compendial (current) method was set and justified based on the compendial method 1259 
performance (2 x EP/USP method standard deviations: 2x 5.0% = 10.0%) for the detection of (pooled) 1260 
reference microbial organisms and/or plant isolates.  Pooling of test results groups for selected 1261 
microorganisms can be justified if growth/no-growth probabilities are similar among spiked 1262 
organisms as confirmed in our case study.  Comparison results are listed in Table 19 and illustrated in 1263 
Figure 22 below. 1264 
 1265 
 1266 
 1267 

Table 19: Pooled Growth/No-growth Percentages (Proportions) for Compendial and Bact-T Test Results  1268 

  Method Present  Total Samples (n) Present/Absent Ratio 

Candidate 225 300 0.75 (75%) 

EP/USP 232 300 0.77 (77%) 

Statistical Results 

Difference = p (new method) - p (EP/USP) Estimate for difference:  -0.023 (-2.3%) 

95% lower confidence interval limit for difference:  -0.080 (-8.0%) (Limit = -10.0%) 

 1269 

 1270 

 1271 
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Figure 22.  Comparison of Compendial vs. Bact-T Detection Capabilities (Pooled Proportions) [13] 1272 

  1273 
 1274 

As demonstrated with a Proportions Test, illustrated in Figure 22, the 95% lower confidence limit for the 1275 
justified pooled mean difference was above the non-inferiority limit of –10.0%.  All three possible outcomes 1276 
below are acceptable for the justified AMC comparison model used. 1277 

Non-Inferiority: The 95% lower CI falls entirely above the non-inferiority limit but does not overlap with the 1278 
0 difference (as illustrated in Figure 22). 1279 

Equivalence: The 95% CI overlaps with the 0 difference and this failure to show a statistically significant 1280 
difference can be interpreted as equivalent. 1281 

Superiority: The 95% CI falls entirely above the non-inferiority limit but does not overlap with the 0 difference.   1282 

 1283 

7.6.3 Case Study 3:  Replacement of Host Cell Proteins (HCP)-specific antibody within an ELISA 1284 
(enzyme-linked immunosorbent assays) method  1285 

Case study 2 represents scenario 3 described in Table 12; modifying a methos in a way that may affect the 1286 
specificity or selectivity of the method. The removal of residual Host Cell Proteins (HCP) from the drug 1287 
substance to an acceptable level is one of the goals of the biotherapeutics manufacturing process. HCP are the 1288 
proteome of the production cell, and they are co-produced with the active molecule during cultivation of the 1289 
cells in the bioreactor. These impurities might cause immunogenicity in certain patients, some may as well as 1290 
act as enzymes and thus may negatively influence the stability of the drug product. HCP therefore need to be 1291 
quantified. Host cell proteins are commonly quantified by ELISA using polyclonal antibodies. 1292 

The replacement of HCP antibody requires special consideration. Because the population of the anti-HCP 1293 
antibodies might be drastically different between polyclonal antibodies (even generated using the same antigen 1294 
material), the analytes detected (the independent proteins) are different and quantitative output of the assays are 1295 
different as well. Additionally, to ensure detection of maximum number of HCPs potentially present in the drug 1296 
substance, the polyclonal antibodies are generated using upstream process material which is also used as an 1297 
ELISA standard. As the number of HCPs present in drug substance is much more limited, the accurate absolute 1298 
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quantification of HCPs by ELISA is not feasible. Accordingly, the comparison activity is focused on the 1299 
performance characteristics of the method rather than on direct comparison of quantitative outputs, establishing 1300 
correlation between the 2 methods, and demonstrating the ability of the new method to differentiate between 1301 
high and low levels of HCP in the sample. Replacement of HCP ELISA commonly requires reassessment of 1302 
statistically established acceptance criteria.  1303 
 1304 
The most common scenarios of HCP antibody replacement in the product lifecycle are shown below.   1305 
 1306 

A -- Change Between Clinical Phases.  1307 
 1308 

It is common to change antibodies used for HCP ELISA during product development This situation is 1309 
summarized in Table “Case Study 3”.  1310 
 1311 
In the first clinical phases of a project, a commercially available cell line-specific HCP kits are generally used, 1312 
while in a later phase, when control strategy for commercial manufacturing is developed, a process-specific kit, 1313 
tailored for the specific process, is generated. In some instances, comparability between commercial and 1314 
process-specific ELISA can’t be established due to significant differences in antibodies used. In this case new 1315 
acceptance criteria developed for process-specific assay using clinical trial data, to confirm safety on the new 1316 
acceptance criteria. Of note, if capability of commercial assay is superior to process-specific one, commercial 1317 
antibody may be used through the product lifecycle. 1318 

Table 20: Case Study 3– Risk Evaluation for the replacement of a generic HCP ELISA to a process 1319 
specific ELISA  1320 

Risk Evaluation Categories Risk Variants Case Study Example/Outcome 

Attribute(s) Type - Intended 

use  

Safety (immunogenicity) 

Stability (HCP can have 

enzymatic activity) 

Assuring HCP quantity is systematically below a 

given threshold 

Attribute(s) Criticality 

(Intended use)  

CQA Controlling a significant CQA with potentially 

severe patient safety impact. 

Closeness to Finished 

Product  

 

DS Final control point for DS release 

Intended Use 

 

Routine Test Final control point for DS release 

Product Lifecycle 

 

Early-stage Product 

Development (and 

intended for Commercial 

Manufacturing) 

Generic anti-HCP antibodies and HCP standard used 

in Phase I-II changed into process specific anti-HCP 

and HCP standard 

Replacement Method 

“Status”  

 

Generic method to 

commercial process 

specific method 

Knowledge of the individual HCPs present. 

Coverage of the process specific ELISA (ie, number 

and proportion of specific HCP that are recognized) 

is very well understood 

 1321 

 1322 
 1323 
 1324 
 1325 
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B-- Change during commercial manufacturing. 1326 
 1327 

The risk increases if the change occurs during the commercial phase. The change can be triggered by the 1328 
exhaustion of the stock of anti-HCP antibody. It may necessitate the production of new antibody batch and 1329 
replacement of the method. This specific case requires a more stringent approach. 1330 

The extent of comparability studies depends on comparative performance of the polyclonal antibodies between 1331 
new and old assays. The coverage of antibody against upstream HCP proteome and DS is commonly established 1332 
using 2D-PAAGE, and bridging study is performed, quantifying HCPs in the set of samples by both methods. 1333 
Of note, the samples should be representative of all materials tested, as the scenarios below may be different for 1334 
materials at different process stages. The following scenarios are possible: 1335 

a) Comparable coverage, comparable results: assay is replaced without the change of specification. 1336 
b) Comparable or better coverage, different results, good correlation: assay is replaced, acceptance 1337 

criteria are adjusted based on bias observed. Additional study on extended set of samples 1338 
recommended to confirm acceptance criteria. 1339 

c) Significantly different coverage, different results, poor correlation (lack of observable systemic bias):  1340 
suitability of method may still be established, and new acceptance criteria is established based on 1341 
testing of extensive set of samples covering maximum range of HCP variability. 1342 

d) Poor coverage, including lack of binding to proteins present in the DS, different results, lack of 1343 
correlation (no sensitivity to previously detectable differences) – assay is not suitable. 1344 

 1345 

7.7  Comparison of New Technologies to Existing Technologies 1346 

Existing standards and guidance for analytical method comparison have traditionally focused on like-for-like 1347 
direct comparative study designs, with the goal of demonstrating that the reportable parameter is unaffected.  1348 
Statistical methods for assessment of method comparability in this framework have been established and are 1349 
comprehensively described in USP <1010>, TR57 [2, 14] and the AMT chapter of this standard. However, there 1350 
exists alternative approaches in which fundamental changes to the analytical methodology, or in which the 1351 
demonstration of non-inferiority/superiority cannot be made with traditionally applied comparative analyses.  1352 
One example is the implementation of in vitro assays to replace in vivo assays as outlined in the Ph. Eur. 5.2.14 1353 
[15]. There is a concerted effort to develop in vitro methods to replace animal assays yielding a better 1354 
comparison of product quality attributes, substantially reducing assay variability as well as time and resources 1355 
required to execute the method. Quality attributes of the product will be assessed differently using an in vitro 1356 
method therefore a 1-to-1 comparison is not appropriate. Key quality attributes necessary to ensure product 1357 
safety and effectiveness must be sufficiently assessed using the in vitro method in place of the in vivo assay. 1358 
The new method must ensure comparability of quality attributes between commercial lots and those found to 1359 
be safe and efficacious in clinical studies. Alternative approaches to comparative analysis are necessary when 1360 
there is a fundamental change in analytical principle with the replacement method, where the correlation 1361 
between the methods is unlikely and the conventional approach to bridge the method(s) is not viable. The 1362 
comparative analysis in the alternative approach typically focuses on the method performance, e.g., the new 1363 
method is superior because it is more sensitive or because it offers a better control with less variability than the 1364 
original method. This standard provides guidance and strategies with specific applied examples for such 1365 
alternative approaches. 1366 
 1367 
The replacement study may lead to a specification setting exercise as impact on the specification limit is likely, 1368 
and data from this activity could be used for new specification setting. The study design and sample selection, 1369 
therefore, should contain an adequate number and appropriate selection of samples to fully understand the 1370 
difference in results between the methods for the intended use. For example, an in vivo potency assay has the 1371 
potential to measure complex functional responses whereas one or more in vitro assays may be required to 1372 
replace an in vivo assay resulting in the need to establish novel specifications with respective lower and upper 1373 
limits.  1374 
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7.8 Scenario 5 Case Studies  1375 

All case studies presented in Section 7.8 represent scenario 5 described in Table 12; new replacement method 1376 
that monitors or controls for a different attribute readout, specification limit(s), and format for reported results. 1377 

7.8.1 Case Study 4: Replacing CEX and IsoQuant Test Methods with (only) CEX.   1378 

Charge variants are sometimes deemed as CQA for therapeutic antibodies. In the following case, two cation 1379 
exchange (CEX) methods were used to control three CQA, namely acidic, basic and main charge variants; an 1380 
additional method was used to quantify deamidation, which also appears in the charge variants. The complexity 1381 
of this package led to logistics difficulties in the QC lab and was the trigger to rationalize and simplify the 1382 
testing package, without of course losing any control on the quality of the product. This is an example of a 1383 
complex change in the analytical package where the attribute readout (i.e., percentage basic, acid or purity) 1384 
remains unchanged and therefore falls into scenario 1 (see Table 12). 1385 

The two methods, acidic and basic CEX, dedicated to the control of acidic species and basic species respectively, 1386 
were merged into one. A third method, IsoQuant, used to control the level of deamidation, was also merged into 1387 
the CEX method, by proving that one of the CEX peaks was correlated to the level of deamidation (see Figure 1388 
23 below). The complexity of the change between methods required, among other things, a deep understanding 1389 
of the identity of the sub-peaks, which was supported by characterisation studies and also cross injections of the 1390 
subpeaks, from a variety of samples (stressed and non-stressed, at release or shelf life) between the current and 1391 
new package to demonstrate that the control with the new analytical package was maintained (see Table 21 for 1392 
a summary). 1393 

Figure 23: Illustration of the current and new analytical package and quality attribute that are controlled 1394 
for Case Study 4. 1395 

 1396 

 1397 

 1398 

The outcome of the risk evaluation given in Table 21 below is that a high level of confidence is required to 1399 
demonstrate that the new method is not inferior to the current ones. It is noteworthy that the criticality of the 1400 
current and future method remains unchanged because the CQA remain unchanged, even if the number of 1401 
readings changes. 1402 
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Table 21: Risk Categories and Evaluation for Case Study 4 1403 

Risk Evaluation Categories Risk Variants Outcome 

Attribute(s) Type - Intended 

use  

Purity and Stability Controlling protein impurities and degradation products 

during manufacturing and storage.  

Attribute(s) Criticality 

(Intended use)  

CQA Controlling 3 CQA that indicate process consistency: acidic, 

basic and main charge variants 

Closeness to Finished Product   DP Final control point for product release and shelf-life 

Intended Use  Routine Test Primary purity release and stability test to assure a safe 

product 

Product Lifecycle  Commercial Production Large patient population and highest possible patient impact.  

Highest regulatory expectations for approval. 

Replacement Method 

“Status”   

Current 3 methods replaced 

with 1 new method 

Extensive method performance knowledge with current and 

new methods. Extensive characterization data required to 

demonstrate that the same species (in lieu of the “vague” CQA 

acidic and basic species) are covered by the new method.  

Extensive knowledge of the bias between the different 

readings. 

 1404 

Because of the complex merging of the three methods, a one-to-one replacement strategy was deemed 1405 
inadequate. This example of scenario 1 required a maximum method comparison testing, but the comparison 1406 
could not be done according to the concept of equivalence, especially because 5 readings yielded by the current 1407 
package could not be correlated to 3 using the new method.  1408 

The advantages of the new method (increased accuracy and robustness, testing simplification) largely 1409 
outweighed the risks (see Table 21). A specification revision was the next step in this example (see Chapter 1410 
7.9 for more details). The revision was alleviated by the determination of the bias between the current and new 1411 
methods at the specification limits, factoring the bias in the new specification limit and verifying the soundness 1412 
of the new limit by using samples from pivotal clinical studies and by proving that the new package came to the 1413 
same conclusion in terms of within / out of specification. 1414 

7.8.2 Case Study 5: Replacing an In vivo Potency Assay with an In vitro G-protein based ELISA for a 1415 
vaccine. 1416 

There are challenges when replacing an in vivo assay with an in vitro method to assess product quality attributes. 1417 
A one-to-one replacement is only possible when both assays measure the same CQA therefore multiple in vitro 1418 
assays may be required. Regardless, a change in method begins with in-depth product knowledge including the 1419 
manufacturing process (e.g., CPPs, in-process controls) and the functional response of the drug product. A 1420 
suitable comparability study design/protocol is required to determine that the alternate in vitro method will not 1421 
negatively impact the assessment of product quality and provide the same level of post change control. Risk 1422 
factors (Table 13) and approaches to consider (section 7.5) should be determined to establish appropriate study 1423 
acceptance criteria demonstrating the new (in vitro) method is not inferior to the current (in vivo) method (Table 1424 
22).  1425 

The in vivo NIH mouse lethal intra-cerebral challenge test for the standardisation of rabies virus vaccine is used 1426 
to assess potency as per EP 0216 [16] and WHO TRS 941Annex 2 [17]. This mouse protection assay was 1427 
developed in the 1950’s. There are several limitations including high variability with defined confidence limits 1428 
of 25-400% making the test inappropriate to assess batch-to-batch consistency. Additionally, the assay has lethal 1429 
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endpoints, requires the handling of live virus, thus presenting safety issues for workers. The mouse assay takes 1430 
several weeks to complete, overall creating a very cumbersome method.  1431 

Various ELISA methods offering a rapid alternative, are in development to quantify rabies virus glycoprotein 1432 
(G-protein) content to be used in place of the in vivo potency assay (see Figure 24 below). Prior to the 1433 
implementation of an in vitro ELISA, product characterization is imperative i.e., the antigen conformation and 1434 
content required to induce an immune response in animals must be determined. It is accepted that protection 1435 
afforded by rabies vaccines is due to the production of virus-neutralising antibodies against the trimeric 1436 
transmembrane glycoprotein following immunization. The ELISA is based on monoclonal antibodies capable 1437 
of specifically recognizing the native form of the rabies viral G-protein which is responsible for the induction of 1438 
neutralizing antibodies. Two sites, site III and site II of the G-protein are important to elicit a protective immune 1439 
response therefore the ELISA employs two distinct antibodies, a coating (capture) antibody and a detection 1440 
antibody directed towards these two sites. It is important to assess the specificity, binding affinity, and avidity 1441 
of the antibodies toward the critical conformational epitopes of the antigen. The new assay should be validated 1442 
in accordance with ICH Q2(R2) (Table 1, cat. IV). Demonstration that the alternative method meets validation 1443 
performance criteria is not sufficient to imply comparability with a compendial method. 1444 

 1445 

Figure 24: Illustration of the current and new analytical package and quality attributes that are 1446 
controlled for Case Study 5. 1447 

 1448 

Use of an in vitro method to replace a compendial in vivo method is conceptually similar at both pre- and post-1449 
market stages of product development. Both involve parallel in vitro and in vivo testing to obtain a 1450 
comprehensive data set demonstrating reliable method performance. This example to assess glycoprotein 1451 
content for a marketed rabies vaccine having a consistent manufacturing process and a known safety and 1452 
efficacy profile employs a control strategy according to consistency testing. A head-to-head comparison of 1453 
clinical lots might not be possible as the batches used in clinical trials to demonstrate efficacy and safety may 1454 
no longer be available or are expired, therefore a consistency approach allows for the continuity of the clinical 1455 
experience [16]. Parallel testing of a maximum number of batches (i.e.>200) covering a significant 1456 
manufacturing period must be included in the comparability study. Furthermore, to adequately assess assay 1457 
limits, sample selection (section 7.5.3) is of the utmost importance. The study design must include samples to 1458 
demonstrate the assay's ability to the discriminate between potent and subpotent vaccine batches such as using 1459 
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vaccine samples that have undergone forced degradation treatments. An assay’s ability to discriminate 1460 
compliant versus non-compliant lots suggests the method’s stability indicating potential which is required for 1461 
the assessment of vaccine stability through end of product shelf-life.  1462 

While there is no way to demonstrate a direct correlation between the NIH in vivo assay and the ELISA, due to 1463 
high assay variability of the in vivo method and the fact that the assays measure different biological parameters, 1464 
there needs to be an agreement between the two sets of data, i.e. a similar trend observed between the ELISA 1465 
and the NIH in vivo test results. In the current example, both assays make use of an international standard that 1466 
has been established for both the in vivo NIH mouse potency test and in vitro glycoprotein ELISA, facilitating 1467 
parallel testing of vaccine lots representative of manufacturing capabilities. In addition, novel product 1468 
specifications can be established for the new in vitro method (i.e. mean ± 3SD). 1469 

Table 22: Risk Evaluation for Compendial in vivo Potency Test Replacement with in vitro ELISA 1470 

Risk Evaluation Categories  Risk Variants  Case Study Example/Outcome  
Attribute(s) Type - Intended use   G protein content 

(Potency)/ Stability 
Assuring potency of final drug product  

Attribute(s) Criticality (Intended 

use)   
CQA  Controlling a significant CQA with potentially 

extreme severe patient and product impact.  
Closeness to Finished Product   
  

DP Final control point for product release 

Intended Use  
  

Lot Release/Stability 

Test  
Primary potency release and stability test to assure 

product efficacy  

Product Lifecycle  
  

Late-stage Product 

Development intended 

for Commercial lot 

release 

Large patient population(s) and highest possible 

patient impact.  Highest regulatory expectations for 

approval. 

Replacement Method  
“Status”   
  

Current in vivo 

compendial method 

replaced with novel in 

vitro method  

Consistency approach ensuring product safety and 

efficacy requiring accurate product characterization 

and product specific criteria set using lots 

representative of manufacturing variability. 
Extensive historical data using highly variable in vivo 

compendial method, less industry experience using 

this newer in vitro method. International collaborative 

study is ongoing to further validate the transferability 

and robustness of the in vitro ELISA. Novel product 

specifications required. 
 1471 

7.8.3 Case Study 6: Replacing three glycosylation methods with one multi-attribute method (MAM) 1472 

More than two thirds of therapeutic proteins are glycoproteins—proteins that contain glycans or chains of 1473 
carbohydrates. These chains become attached to the protein via a post-translational modification process 1474 
called glycosylation. Glycosylation plays an important role in structure, function, absorption, half-life, 1475 
clearance, and safety of therapeutic proteins. 1476 

In this example, we illustrate how three assays used for glycosylation composition and profiling using 1477 
HPAEC-PAD technology were replaced with one, more robust method using AA labelling to monitor 1478 
glycosylation (see Figure 25 and Table 23 below).  1479 

The process for replacing the methods was achieved using a phased approach. In Phase I, (intermediate 1480 
package), the high-pH Anion Exchange Chromatography (HPAEC) method with online pulsed amperometric 1481 
detection for unlabelled glycans was replaced with N-linked oligosaccharides profiling assay employing 1482 
fluorescent dye labelling. As part of the continuous improvement effort on control strategy, two additional 1483 
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assays that provide overlapping information for monitoring glycosylation, Mannose-6-Phosphate and Sialic 1484 
Acid, were re-evaluated using data compiled from all commercial lots to propose a simplified grouping 1485 
approach for reporting N-linked glycans distribution using the AA-labeled oligosaccharide assay for Phase II, 1486 
(new analytical package). 1487 

Figure 25: Illustration of the current and new analytical package and quality attributes that are 1488 
controlled for Case Study 6. 1489 

 1490 

Phase I 1491 

The AA labelling method was intended to replace the non-labelling oligosaccharide profiling method to 1492 
monitor product lot to lot structural consistency. The AA labelling method represents a more updated 1493 
analytical approach commensurate with industry current standard and is the most informative in terms of 1494 
discerning glycosylation species heterogeneity as well as providing robust relative quantitation. 1495 

Analytical method comparability included a side-by-side comparison of new to registered method using the 1496 
traditional approach for statistical analysis of significance, however, the eight marker reference peaks 1497 
identified in the original method were selected based mainly on the capability of the method to discern peak 1498 
entities and did not directly correspond to the two functional glycosylation critical quality attributes of the 1499 
molecule. The AA labeling method was able to discern 11 major AA-labeled peaks, (8 of which with 1500 
functional relevance), structural identities of these key N-linked oligosaccharide species were determined by 1501 
HPLC coupled with mass spectrometry. As a result, extensive scientific justification was provided for the 1502 
intermediate package that included rationale for superiority of the new method based on its capabilities of 1503 
improved analytical discriminate properties for relevant functional peaks. New specifications for the AA-1504 
labelling method were proposed, based on a somewhat limited data set (n=24), and submitted and approved in 1505 
one jurisdiction.  1506 

Phase II 1507 

Even though the new AA-labelling method was approved in one jurisdiction, there were still multiple markets 1508 
that required release testing using the original HPAEC acid release oligo method. Which meant, concurrent 1509 
testing of both methods was performed for a period. In that time, a much broader data set was developed and 1510 
utilized to provide the rationale for the next phase of process control continuous improvement, a proposal to 1511 
consolidate the glycosylation specifications into two key groups corresponding to two key functions of the 1512 
product, serum persistence and target cell uptake. The simplified grouping approach allows establishment of 1513 
release criteria for meaningful lot disposition decisions based on current understanding of functional 1514 
significance of the product glycoforms and could replace the current release paradigm routinely used to 1515 
monitor product glycosylation: (1) acid-released sialic acids (N-acetyl neuraminic acid and N-glycolyl 1516 
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neuraminic acid); (2) acid-released mannose- 6-phosphate,and (3) in the remaining markets, enzyme-released 1517 
N-linked oligosaccharides assay using HPLC with pulsed-amperometric detection. 1518 

Key glycan peaks as monitored by the AA-labelling method were identified based on biochemical identity and 1519 
predicted glycan structure as determined by LC/MS. 1520 

Product experience, as well as published literature on the native enzyme indicated that glycoforms with 1521 
terminal mannose-6-phosphate (M6P) and sialic acids can impact efficacy. In the new grouping proposal, 1522 
glycoforms with terminal phosphorylated mannose and glycoforms with terminal sialic acid are combined into 1523 
two respective groups based on functional significance. 1524 

The peak group totals are converted to unit-less values and termed “mannose phosphorylation index” (MP 1525 
index) and “sialylation index” (SA index). As such, the MP index is calculated by combining peak area 1526 
percentage values of the MP peaks, and SA index is calculated by combining peak area percentage values of 1527 
the SA peaks. 1528 

In each of the two cases, the index gives a snapshot of the distribution of glycoforms in a single parameter 1529 
relevant to functional significance. This simplified approach improves robustness of the specification 1530 
reporting, as minor variation in biologically similar glycosylation species (ex. branched positional isomers) 1531 
will not materially alter the reportable results. Overall, this allows for robust and straight-forward tracking and 1532 
trending of the product and process for the commercial operation. 1533 

Orthogonal data, including process change characterization assay glycopeptide analysis by LC/MS and routine 1534 
release assay receptor binding by Biacore, indicated a significant correlation to the AA-labelling method 1535 
across multiple process changes.   Taken together, the simplified grouping approach for reporting glycoforms 1536 
has well-grounded scientific justifications. 1537 

 1538 

Table 23: Risk Categories and Evaluation for Case Study 6 1539 

Risk Evaluation Categories Risk Variants Case Study Example/Outcome 

Attribute(s) Type - Intended 

use  

Quality  
Enumeration of terminal sialic acid and M6P 

residues has limited functional significance as 

compared to monitoring glycan structures via the SA 

index and MP index. 

Attribute(s) Criticality 

(Intended use) severity of 

what you are controlling? 

CQA  Under‑glycosylation (or occupancy) may negatively 

affect protein function and stability. Process 

variables that impact glycosylation of functional 

glycans are identified and controlled accordingly to 

ensure batch consistency.  

Closeness to Finished 

Product  
DS Final control point for DS release 

Intended Use 

  

Routine Test Final control point for DS release 

Product Lifecycle 

  

Commercial 

Manufacturing 

A comprehensive study to develop new product 

specifications was submitted as part of the 

continuous improvement effort on control strategy. 
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The request defined the previously generated data 

set, evaluation procedures, and criteria for 

establishing new product specifications for the three 

product attributes.     

Replacement Method 

“Status”  

  

Generic method to 

commercial process 

specific method 

The three glycosylation methods described in this 

case study are considered platform analytical 

procedures for multiple products, with some 

modifications specific for each product.  In addition 

to providing more robust release data and analytical 

testing relief for this product, the phased approach 

strategy described here, providing scientific 

justification and analysis of previously generated 

data, will influence future regulatory submissions for 

all commercially available family products, in 

addition to all follow-on products, to support 

improved and enhanced release testing paradigms 

for future use.  

 1540 

 New Specifications 1541 

Process data for 92 lots of drug substance material were used to support setting new specifications for the SA 1542 
and MP indices. This material included lots manufactured by several processes. Extensive comparability 1543 
studies, performed at the time of manufacturing process changes, indicated no change in the material as a 1544 
result. The direct correlation between the registered composition methods to the proposed SA and MP grouped 1545 
peak area percentages using reprocessed historical production data was not statistically significant, however, it 1546 
demonstrated that the reprocessed data could successfully identify process variables that impacted sialylation 1547 
and phosphorylation and proved to be a better indicator for monitoring batch consistency.  1548 

In summary, the three registered methods provided only semi-quantitative results with overlapping 1549 
information for monitoring glycosylation heterogeneity of a glycoprotein with multiple glycosylation sites. 1550 
The new single method is more robust and quantitative. Identification of functionally significant peak entities, 1551 
along with a simplified grouping approach for reporting, allowed for meaningful lot disposition decisions to 1552 
be based on the functional significance of the product glycoforms, in addition to a reduction in the release 1553 
testing paradigm. 1554 

 1555 

7.9 Evaluation of Product Specifications 1556 

Specifications are one part of an overall control strategy designed to ensure product safety, efficacy, and 1557 
quality. Specifications are chosen to confirm the quality rather than to characterize the product, so the 1558 
rationale and justification for including and/or excluding testing for specific quality attributes should be 1559 
clearly described in the BLA.  1560 

When analytical methods used to test against product specifications are replaced, or significantly changed, the 1561 
existing product specifications should be assessed and/or revised following the decision tree illustrated in 1562 
Figure 26 below. 1563 

Figure 26: Evaluating Product Specifications  1564 

 1565 
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 1566 

Three possible AMC study outcomes for any of the five change scenarios, illustrated and described in Section 1567 
7.2, Method Change Scenarios, are shown in Figure 26.  When the expected test result shift and/or variation is 1568 
insignificant, as indicated by comparing the manufacturing capability (CpK) pre- and post-change, a 1569 
specification revision may not be required.  When the shift and/or variation is significant, a revision becomes 1570 
necessary.  The required specification revision is established based on the scenarios described in Section 7.2 1571 
and should consider the following: 1572 

• Specifications limit the level and/or variation of critical quality attributes and are linked to the 1573 
manufacturing capability. The significance of alterations in product-related substances, product-related 1574 
impurities, and process-related impurities, which may differ from those observed in the material used 1575 
during clinical development, should be evaluated.  1576 

• Specifications should account for the stability of drug substances and drug products. For analytical 1577 
methods related to the stability profile, the new or revised method should be evaluated so that changes in 1578 
the quality of the product will be detected, and product stability assured.   1579 

• Specifications are risk-based linked to clinical studies. Data from the new or revised method should be 1580 
compared to data obtained for lots used in clinical studies, to ensure that the quality of the material made 1581 
later-stage product development and/or commercial scale can be compared and considered to be 1582 
representative of the lots used in clinical studies.  1583 

• Specifications are linked to analytical procedures.  It is important to confirm that data generated by the 1584 
new or revised method correlates with data generated by the previous method. 1585 

• A proper understanding of the bias between the methods (current and new) can help correct the current 1586 
specification into the new one. It is acknowledged that this might seem to be a pure mathematical 1587 
correction of a limit, and therefore attention should be paid to the scientific soundness of the corrected 1588 
limit. This could be checked with, e.g., samples with clinical coverage, so that there is some extra 1589 
assurance that the same level of control (in specification or out of specification) is unchanged between the 1590 
current and new methods. 1591 

• The evaluation of product specification, especially in the early phases of a project, could be a sound 1592 
verification around the specification limit. For example, it could be checked that a result declared OOS by 1593 
the former method would still be OOS using the new method and, vice-versa, that the two methods 1594 
declare a sample consistently within specification (without focusing on the numerical value obtained with 1595 
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the two methods). The effort can be increased, especially in the case of a commercial specification, to 1596 
understand the potential correlation between the methods on the whole analytical method range. For 1597 
specification limits that are not data-driven (which is typical for early clinical phases), the verification on 1598 
“within specifications” / “OOS” using the 2 methods might suffice. 1599 

• Certain methods are part of a non-routine testing, without specification (e.g., PPQ supportive methods, 1600 
used to demonstrate clearance). demonstration that the clearance profile is comparable between the 2 1601 
methods might be sufficient, without exploring the correlation between the analytical values at each 1602 
process step. 1603 

 1604 

 1605 

 1606 

 1607 

 1608 

 1609 

 1610 

 1611 

 1612 

 1613 

 1614 

 1615 

 1616 

 1617 
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