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1. Introduction 1 
 2 

In the development of medicinal products, bioanalytical methods are used in clinical 3 
and non-clinical pharmacokinetic studies (including toxicokinetic studies) to evaluate 4 
the efficacy and safety of drugs and their metabolites. Drug concentrations determined 5 
in biological samples are used for the assessment of characteristics such as in vivo 6 
pharmacokinetics (adsorption, distribution, metabolism, and excretion), bioavailability, 7 
bioequivalence, and drug-drug interaction. 8 

It is important that these bioanalytical methods are well characterized throughout the 9 
analytical procedures to establish their validity, reproducibility, and reliability. 10 

This guideline serves as a general guidance recommended for the validation of 11 
bioanalytical methods to ensure adequate reproducibility and reliability. It also provides 12 
a framework for analyses of study samples by using validated methods to evaluate study 13 
results supporting applications for drug marketing authorization. 14 

An applicable way with flexible adjustment and modification should be required in 15 
case of using the specific type analytical method or depending on the intended use of 16 
the result of analysis, such as the use of prospectively defined appropriate criteria, based 17 
on scientific judgment. 18 
 19 
2. Scope 20 
 21 

This guideline is applicable to the validation of analytical methods applied to 22 
measure concentrations of drugs and their metabolites in biological samples obtained in 23 
toxicokinetic studies and clinical trials, as well as to the analyses of study samples using 24 
such methods. The information in this guideline generally applies to the quantification 25 
of low-molecular-weight drugs and metabolites, and to analytical methods such as 26 
liquid chromatography (LC) and gas chromatography (GC) used either alone or in 27 
combination with mass spectrometry (MS). 28 

This guideline is not intended for analytical methods used in non-clinical studies that 29 
are beyond the scope of "Ministerial Ordinance Concerning the Standards for the 30 
Conduct of Non-clinical Studies on the Safety of Drugs (Ministry of Health and Welfare 31 
ordinance No. 21, dated March 26, 1997)" but could be used as a reference in 32 
conducting a method validation. 33 

 34 
3. Reference Standard 35 
 36 
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Reference standard serves as the standard in quantifying an analyte, and is mainly 37 
used to prepare calibration standards and quality-control (QC) samples, which are 38 
samples spiked with a known concentration of the analyte of interest. The quality of the 39 
reference material is critical, as the quality affect measurement data. Therefore, a 40 
material of known chemical structure from an authenticated source should be used as a 41 
reference standard.. A certificate of analysis that provides information on lot number, 42 
expiration date, content (purity), and storage conditions should accompany the standard. 43 
A certificate of analysis is not necessarily required for an internal standard, but the lack 44 
of analytical interference with the analyte should be demonstrated before use as the 45 
internal standard. 46 
 47 
4. Analytical Method Validation 48 
 49 
4.1. Full validation 50 
 51 

A full validation should be performed when establishing a new bioanalytical method 52 
for quantification of an analyte. A full validation should also be considered when a new 53 
analyte, such as a metabolite, is added to an existing, fully validated analytical method. 54 
A full validation is also required when using an analytical method that has been 55 
published in the literature. 56 

The objective of full validation is to demonstrate selectivity, lower limit of 57 
quantification (LLOQ), calibration curve, accuracy, precision, matrix effect, recovery, 58 
carry-over, dilution integrity, and stability. Generally, a full validation should be 59 
performed for each species and matrix (mainly plasma, serum, whole blood, or urine) to 60 
be analyzed. 61 

The matrix used in analytical validation should be as close as possible to the intended 62 
study samples, including anticoagulant and additives. When an analytical method is to 63 
be established for a matrix of limited availability (rare matrix, e.g., tissue, cerebrospinal 64 
fluid, bile), one may encounter a problematic situation where a sufficient amount of 65 
matrix cannot be obtained from an adequate number of sources (subjects or animals). In 66 
such a case, a surrogate matrix may be used to prepare calibration standards and QC 67 
samples. However, the use of a surrogate matrix should be rigorously justtified in the 68 
course of establishing the analytical method. 69 
 70 
4.1.1. Selectivity 71 
 72 
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Selectivity is the ability of an analytical method to measure and differentiate the 73 
analyte and the internal standard in the presence of other components in samples. 74 

Selectivity is evaluated using blank samples (matrix samples processed without 75 
addition of an analyte or internal standard) obtained from at least 6 individual sources. 76 
The absence of interference with each analyte and internal standard should be confirmed. 77 
In case the matrix is of limited availability, it may be acceptable to use matrix samples 78 
obtained from less than 6 sources. 79 

The evaluation should demonstrate that no response attributable to interfering 80 
components is observed with the blank samples or that a response attributable to 81 
interfering components is not more than 20% of the response in the lower limit of 82 
quantification (LLOQ) for the analyte and 5% of the internal standard. 83 
 84 
4.1.2. Lower limit of quantification 85 
 86 

The lower limit of quantification (LLOQ) is the lowest concentration of an analyte at 87 
which the analyte can be quantified with reliable accuracy and precision. 88 

The analyte response at the LLOQ should be at least 5 times the response of a blank 89 
sample. Mean accuracy and precision at the LLOQ should be within ±20% of the 90 
nominal (theoretical) concentration and not more than 20%, respectively. 91 
 92 
4.1.3. Calibration curve 93 
 94 

A calibration curve demonstrates the relationship between the theoretical 95 
concentration and the response of the analyte. 96 

A calibration curve needs to be prepared for each analyte. The calibration curve 97 
should be prepared using the same matrix as the intended study samples, whenever 98 
possible, by spiking the blank matrix with known concentrations of the analyte. A 99 
calibration curve should be generated with a blank sample, a zero sample (blank sample 100 
spiked with internal standard)), and at least 6 concentration levels of calibration 101 
standards, including an LLOQ sample. In general, the simplest model that adequately 102 
describes the concentration-response relationship should be used for regression equation 103 
and weighting conditions of the calibration curve. A multiple regression equation may 104 
be used. Blank and zero samples should not be included in the determination of the 105 
regression equation for the calibration curve. The validation report should include the 106 
regression equation and correlation/determination coefficient used. 107 

The accuracy of back calculated concentrations of each calibration standard should be 108 
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within ±20% of the theoretical concentration at the LLOQ, or ±15% at all other levels. 109 
At least 75% of the calibration standards, with a minimum of 6 levels, including the 110 
LLOQ and the highest levels, should meet the above criteria. 111 
 112 
4.1.4. Accuracy and precision 113 
 114 

Accuracy of an analytical method describes the degree of closeness between analyte 115 
concentration determined by the method and its theoretical concentration. Precision of 116 
an analytical method describes variation between individual concentrations determined 117 
in repeated measurements. 118 

Accuracy and precision are assessed by performing analysis with QC samples, i.e., 119 
samples spiked with known amounts of the analyte. In the validation, QC samples with 120 
a minimum of 4 different concentrations (LLOQ and low-, mid-, and high-levels) within 121 
the calibration range are prepared. The low-level should be within 3 times the LLOQ, 122 
the mid-level is around the midpoint on the calibration curve, and the high-level should 123 
be at least 75% of the upper limit of the calibration curve. Within-run accuracy and 124 
precision should be evaluated by replicate analysis of at least 5 times at each 125 
concentration level in a single analytical run. Between-run accuracy and precision 126 
should be evaluated by the analysis in at least 3 analytical runs. 127 

The mean accuracy at each concentration level should be within ±15% of the 128 
theoretical concentration, except at the LLOQ, where it should be within ±20%. 129 
Precision of concentrations determined at each level should not exceed 15%, except at 130 
the LLOQ, where it should not exceed 20%. 131 
 132 
4.1.5. Matrix effect 133 
 134 

Matrix effect is an alteration of the analyte response due to matrix component(s) in 135 
the sample. Matrix effect should be assessed when using mass spectrometric methods. 136 

Matrix effect is evaluated by calculating the matrix factor (MF). The MF is 137 
determined by comparing the analyte response in the presence of matrix with that in the 138 
absence of matrix. MF should be calculated using matrix from at least 6 different 139 
sources. The MF may be normalized using an internal standard. The precision of the 140 
MF calculated should not exceed 15%. 141 

Matrix effect can also be evaluated by analyzing QC samples, each prepared using 142 
matrix from at least 6 different sources. The precision of determined concentrations 143 
should not be greater than 15%. 144 
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In case the matrix is of limited availability, it may be acceptable to use matrix 145 
obtained from less than 6 sources. 146 
 147 
4.1.6. Recovery 148 
 149 

Recovery is a measure of the efficiency at which an analytical method recovers the 150 
analyte through the sample-processing step. 151 

The recovery is determined by comparing the analyte response in a biological sample 152 
that was spiked with the analyte and processed, with the response in a biological blank 153 
sample that was processed and then spiked with the analyte. Recovery is evaluated by 154 
replicate analysis of at least 3 times each at 3 concentration levels (low-, mid-, and 155 
high-levels). It is important to demonstrate the reproducibility at each level, rather than 156 
to show a higher recovery rate. 157 
 158 
4.1.7. Carry-over 159 
 160 

Carry-over is an alteration of the measured concentration due to a leftover analyte in 161 
the analytical instrument used. 162 

The carry-over should be evaluated by analyzing a blank sample following the 163 
highest concentration calibration standard. The response in the blank sample obtained 164 
after measurement of the highest concentration standard should not be greater than 20% 165 
of the analyte response at the LLOQ and 5% of the response of internal standard. 166 

If these criteria cannot be met, the extent of carry-over needs to be examined, and 167 
appropriate procedures should be taken to avoid any impact during the analysis of actual 168 
study samples. 169 
 170 
4.1.8. Dilution integrity 171 
 172 

If samples require dilution before analysis, the dilution procedure should be tested to 173 
confirm the absence of any impact on the measured concentration of the analyte. 174 

Dilution integrity should be evaluated by the replicate analysis of at least 5 times per 175 
dilution factor after diluting a sample with blank matrix to bring the analyte 176 
concentration within the calibration range. Mean accuracy and precision in the 177 
measurements of diluted samples must be within ±15% of the theoretical concentration 178 
and not more than 15%, respectively. 179 
	
 If a different matrix is used for sample dilution, the absence of impact on the 180 
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accuracy and precision should be demonstrated in the same manner. 181 
 182 
4.1.9. Stability 183 
 184 

Analyte stability is evaluated to ensure that the analyte concentration is not affected 185 
as the samples move through each step of the process from sample collection to final 186 
analysis. The stability of the samples should be assessed under conditions that is as 187 
close as possible to those under which the samples are actually stored or analyzed. 188 
Careful consideration should be given to the solvent or matrix type, container materials, 189 
and storage conditions used in the stability-determination process. 190 

Validation studies should determine analyte stability after freeze and thaw cycles, 191 
after short-term (at room temperature, on ice, or under refrigeration) and long-term 192 
storage; stability in the processed samples should also be considered. All stability 193 
experiments should be performed on samples that have been stored for a time that is 194 
longer than the actual storage period. 195 

Stability of the analyte in the stock and working solutions is usually evaluated using 196 
solutions near the highest and lowest concentration levels. The evaluation is performed 197 
by replicate analysis of at least 3 times at each level. 198 

Stability of the analyte in the studied matrix is evaluated using low- and high-level 199 
QC samples. The QC samples should be prepared using a matrix that is as close as 200 
possible to the actual study samples, including anticoagulant and additives. Stability is 201 
evaluated by replicate analysis of at least 3 times per concentration level with QC 202 
samples before and after storage. The mean accuracy in the measurements at each level 203 
should be within ±15% of the theoretical concentration, in principle. 204 
 205 
4.2. Partial validation 206 
 207 

Partial validation may be performed when minor changes are made to an analytical 208 
method that has already been fully validated. A set of parameters to be evaluated in a 209 
partial validation are determined according to the extent and nature of the changes made 210 
to the method. 211 

Typical bioanalytical method changes that are subject to a partial validation are as 212 
follows: analytical method transfers between laboratories, changes in analytical 213 
instruments, changes in calibration range, changes in sample volume used for analysis, 214 
changes in anticoagulant, changes in sample-processing procedures or analytical 215 
conditions, changes in sample storage conditions, confirmation of impact by 216 
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concomitant drugs, and use of rare matrices. Changes in species and matrix may also 217 
fall into this category. 218 

Acceptance criteria used in partial validation should in principle be the same as those 219 
employed in the full validation. 220 
 221 

4.3. Cross validation 222 
 223 
Cross validation is primarily conducted when data are generated in multiple 224 

laboratories within the same study or when comparing analytical methods used in 225 
different studies. In the cross validation conducted after full or partial validation in each 226 
laboratory or for each analytical method to be compared, the same set of QC samples 227 
spiked with the analyte or the same set of study samples is analyzed at both laboratories 228 
or by both analytical methods, and the mean accuracy at each concentration level or the 229 
assay variability is evaluated. 230 

In the cross validation between different laboratories within the same study, the mean 231 
accuracy of QC samples (low-, mid-, and high-levels) at each level should be within 232 
±20% of the theoretical concentration, considering the intermediate precision and 233 
reproducibility (inter-laboratories precision). When using a set of study samples, the 234 
assay variability should be within ±20% for at least two-thirds of the samples. 235 

In the cross validation between different analytical methods, both validation 236 
procedure and acceptance criteria (i.e., acceptable assay variability) should be 237 
separately defined based on scientific judgment by considering the nature of the 238 
analytical methods. 239 
 240 
5. Analysis of Study Samples 241 
 242 
	
 Study samples are biological specimens that are obtained from toxicokinetic studies 243 
and clinical trials for bioanalysis. Analysis of study samples should be carried out using 244 
an established analytical method that has been fully validated. In the analysis, study 245 
samples are handled under conditions that have been validated for adequate stability, 246 
and analyzed within a defined stability period, along with a blank sample, a zero sample, 247 
calibration standards at a minimum of 6 concentration levels, and QC samples.  248 
 249 
5.1. Validity and reproducibility of the analytical method in analysis of study samples 250 
 251 
	
 Validity of the analytical method during study sample analysis should be evaluated in 252 



 10 

each analytical run by using the calibration curve and QC samples. In studies that use 253 
pharmacokinetic data as the primary endpoint, reproducibility of the analytical method 254 
should be confirmed for each representative study by different matrix by performing 255 
incurred sample reanalysis (ISR: reanalysis of incurred samples in separate analytical 256 
runs on different day to determine whether the original analytical results are 257 
reproducible).  258 

If carry-over is a concern for the study samples analyzed, the evaluation of validity 259 
should also include carry-over. 260 
 261 
5.1.1. Calibration curve 262 
 263 
	
 A calibration curve is used to determine the concentration of the analyte of interest in 264 
study samples. A calibration curve used in study sample analysis should be generated 265 
for each analytical run by using the validated analytical method. The same model as in 266 
the bioanalytical method validation is used for the regression equation and weighting 267 
conditions of the calibration curve. 268 
	
 The accuracy of back calculated concentrations of calibration standards at each level 269 
should be within ±20% of the theoretical concentration at the LLOQ, or ±15% at all 270 
other levels. At least 75% of the calibration standards, with a minimum of 6 levels, must 271 
meet the above criteria. 272 

In case the calibration standard at the LLOQ or the highest level did not meet the 273 
criteria in study sample analysis, the next lowest/highest-level calibration standard may 274 
be used as the LLOQ or the highest level of the calibration curve. In that case, the 275 
modified calibration range should cover at least 3 different QC sample levels (low-, 276 
mid-, and high-levels). 277 
 278 
5.1.2. QC samples 279 
 280 
	
 QC samples are analyzed to assess the validity of the analytical method used for 281 
calibration curve and study sample analysis.	
  282 
	
 QC samples with  a minimum of 3 different concentration levels (low-, mid-, and 283 
high-levels) within the calibration range are analyzed in each analytical run. Usually, 284 
the low-level is within 3 times the LLOQ, the mid-level is in the midrange of the 285 
calibration curve, and the high-level needs to be at least 75% of the upper limit of the 286 
calibration curve. The analysis requires 2 QC samples at each concentration level or at 287 
least 5% of the total number of study samples in the analytical run, whichever is the 288 
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greater. QC samples should be analyzed before and after study sample analysis at a 289 
minimum. 290 
	
 The accuracy in the measurements of QC samples should be within ±15% of the 291 
theoretical concentrations. At least two-thirds of the QC samples and at least 50% at 292 
each concentration level should meet these criteria. 293 
 294 
5.1.3. Incurred samples reanalysis (ISR) 295 
	
 In bioanalysis, it is not uncommon that the results of analyses of study samples are 296 
not reproducible, even when the bioanalytical method validation has been successfully 297 
conducted and the validity of at each analytical run was confirmed by using calibration 298 
standards and QC samples. Such a failure could be attributed to various factors, 299 
including inhomogeneity of study samples, contamination and other operational errors, 300 
and interference of biological components unique to the study samples or of unknown 301 
metabolites. ISR refers to reanalysis of incurred samples in separate analytical runs on 302 
different days to check whether the original analytical results are reproducible. 303 
Confirmation of the reproducibility in ISR will improve the reliability of the analytical 304 
data obtained. In addition, a failure to reproduce the original data in ISR could trigger a 305 
cause investigation and remedial measures for the analytical method.  306 
	
 Usually, ISR is performed for representative studies selected for each different matrix 307 
in studies that use pharmacokinetic data as the primary endpoint. For instance, ISR 308 
should be conducted in the following situations: in toxicokinetic studies for each 309 
different species; in clinical studies representative pharmacokinetic studies for healthy 310 
volunteers and patients with renal/hepatic impairment, as well as in bioequivalence 311 
studies. For non-clinical studies, ISR may be performed with samples obtained in 312 
preliminary studies, if these are representative of later-stage non-clinical studies in 313 
terms of sampling conditions. 314 
	
 ISR should be performed with samples from as many subjects/animals as possible 315 
and should usually include those of near the maximum blood concentration (Cmax) and 316 
the elimination phase. ISR should be performed within a time window that ensures the 317 
stability of the analyte. As a guide, approximately 10% of the samples should be 318 
reanalyzed in cases where the total number of study samples is less than 1000 and 319 
approximately 5% of the number of samples exceeding 1000 samples.  320 

The results of ISR are evaluated using assay variability. Assay variability can be 321 
calculated as the difference between the concentration obtained by ISR and that in the 322 
original analysis divided by their mean and multiplied by 100. The assay variability 323 
should be within ±20% for at least two-thirds of the samples analyzed in ISR. In case 324 
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the ISR data failed to meet the above criteria, cause investigation should be conducted 325 
for the analytical method and necessary measures should be taken by considering the 326 
potential impact on study sample analysis. 327 

It should be noted that ISR is performed to monitor assay variability. The original 328 
data should never be discarded or replaced with the reanalysis data even if the assay 329 
variability exceeds ±20% for individual measurements. 330 
 331 
5.1.4. Carry-over 332 
 333 
	
 Should there be any concern that carry-over may affect the quantification of analyte 334 
in study samples, carry-over should be evaluated during the actual study sample 335 
analysis using the same procedure described in 4.1.7 to assess the impact on the 336 
concentration data. 337 
	
  338 
5.2. Points to note 339 
 340 
5.2.1. Calibration range 341 
	
  342 
	
 If concentration data obtained during the analysis of study samples are found within a 343 
narrow range of the calibration range, redefining of the concentration levels of QC 344 
samples accordingly is advisable. 345 
	
 In case the calibration range is changed, partial validation should be performed. 346 
However, it is not necessary to reanalyze the study samples that have been quantified 347 
prior to the change (in calibration range, levels, or number of QC samples). 348 
 349 
5.2.2. Reanalysis 350 

 351 
Possible reasons and procedures for reanalysis, as well as criteria for handling of 352 

concentration data should be predefined in the protocol or standard operating procedure 353 
(SOP). 354 
	
 Examples of reasons for reanalysis are as follows: calibration curve or QC samples 355 

failed to meet the criteria for the validity of analytical run; the obtained concentration 356 
was higher than the upper limit of the calibration range; the analyte of interest was 357 
detected in pre-dose or placebo samples; improper sample processing or malfunction of 358 
equipment; defective chromatogram; and causal investigation on unusual data. 359 
Reanalysis of study samples for a pharmacokinetic reason should be avoided, whenever 360 
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possible. In bioequivalence studies, it is not acceptable to reanalyze study samples and 361 
replace the concentration data only because the initial data were pharmacokinetically 362 
questionable. However, re-extraction and/or reanalysis of specific study samples are 363 
acceptable when, for instance, the initial analysis yielded an unexpected or anomalous 364 
result that may affect the patient safety in a clinical trial. 365 

In any case, when reanalysis was performed, the analysis report should provide 366 
information of the reanalyzed samples; the reason for reanalysis; the data obtained in 367 
the initial analysis, if any; the data obtained in the reanalysis; and the final accepted 368 
values and the reason and method of selection. 369 
 370 
5.2.3. Chromatogram integration 371 
 372 
	
 Procedures for chromatogram integration and re-integration should be predefined in 373 
the protocol or SOP. 374 
	
 In case chromatogram re-integration was performed, the reason for re-integration 375 
should be recorded and the chromatograms obtained both before and after the 376 
re-integration should be kept for future reference. 377 
 378 
5.2.4. System suitability 379 
 380 
	
 Analytical instruments used in bioanalysis should be well maintained and properly 381 
serviced. In order to ensure optimum performance of the instrument used for bioanalysis, 382 
it is advisable to confirm the system suitability prior to each run, in addition to 383 
periodical	
 check. However, confirmation of the system suitability is not mandatory in 384 
bioanalysis, because the validity of analysis is routinely checked in each analytical run. 385 
 386 
6. Documentation and Archives 387 
 388 
	
 In order to ensure adequate reproducibility and reliability of bioanalysis, results 389 
obtained in analytical method validations and study sample analyses should be 390 
documented in a validation report and a study sample analysis report as described below. 391 
The reports should be stored along with relevant records and raw data in an appropriate 392 
manner. 393 

All relevant records and raw data should be kept, including those obtained in rejected 394 
analytical runs, specifically record of reference materials and blank matrices 395 
(receipt/release, use, storage), record of samples (receipt/release, preparation, and 396 
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storage), record of analyses, record of instrument (calibration and settings), record of 397 
deviations, record of communications, and raw data such as analytical data and 398 
chromatograms. 399 
	
  400 
Validation report 401 

 402 
 Summary of the validation 403 
 Information on the reference standards 404 
 Information on the blank matrices 405 
 Analytical method 406 
 Validated parameters and the acceptance criteria 407 
 Validation results and discussion 408 
 Rejected runs together with the reason for rejection 409 
 Information on reanalysis 410 
 Deviations from the protocol and/or SOP, along with the impact on study results 411 
 Information on reference study, protocol, and literature 412 
 Representative chromatograms 413 
 414 
	
 Study sample analysis report 415 
 416 
 Summary of the study sample analysis 417 
 Information on the reference standards 418 
 Information on the blank matrices 419 
 Information on receipt and storage of study samples 420 
 Analytical method 421 
 Parameters, acceptance criteria, and results of the validity evaluation 422 
 Results and discussion of study sample analysis 423 
 Rejected runs together with the reason for rejection 424 
 Information on reanalysis 425 
 Deviations from the protocol and/or SOP, along with impact on study results 426 
 Information on reference study, protocol, and literature 427 
 Representative chromatograms, as needed 428 
 429 
 430 
List of relevant guidelines 431 
1) Regarding "the Guidance on Nonclinical Safety Studies for the Conduct of Human 432 
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Clinical Trials and Marketing Authorization for Pharmaceuticals (ICH M3(R2))" 433 
PFSB/ELD Notification No. 0219-4 dated February 19, 2010 434 

2) Regarding the "Note for Guidance on Toxicokinetics: The Assessment of Systemic 435 
Exposure in Toxicity Studies." PAB/ELD Notification No. 443 dated July 2, 1996  436 

3) Regarding the "Guideline on Nonclinical Pharmacokinetics." PNSB/ELD 437 
Notification No. 496 dated June 26, 1998 438 

4) "Partial Revision of the Guideline on Bioequivalence Studies for Generic 439 
Pharmaceuticals." PFSB/ELD Notification No. 0299-10 dated February 29, 2012 440 

5) Revision of the "Q & As concerning the Guideline on Bioequivalence Studies for 441 
Generic Pharmaceuticals." Office Communication dated February 29, 2012 442 

6) "Note on Clinical Pharmacokinetic Studies of Pharmaceuticals." PFSB/ELD 443 
Notification No. 796 dated June 1, 2001  444 

7）US FDA:  Guidance for Industry, Bioanalytical Method Validation, U.S. 445 
Department of Health and Human Services, FDA, Center for Drug Evaluation and 446 
Research, Center for Veterinary Medicine(2001) 447 

8)	
 EMA:  Guideline on bioanalytical method validation, 448 
EMEA/CHMP/EWP/192217/2009, Committee for Medicinal Products for Human 449 
Use(2011) 450 

451 
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Glossary 452 

Accuracy: The degree of closeness of a concentration determined by the method to the 453 
nominal (theoretical) concentration of the analyte. Accuracy is expressed as a percentage 454 
relative to the theoretical concentration. 455 

Accuracy (%) = (Measured concentration/Theoretical concentration) × 100. 456 

Analysis: A series of analytical procedures from sample processing to measurement on 457 
an analytical instrument. 458 

Analyte: A specific compound being analyzed. It can be a drug, biomolecule or its 459 
derivative, metabolite, and/or degradation product in a sample. 460 

Analytical run: A set of samples comprising calibration standards, QC samples, and 461 
study samples. A set of subsequently processed samples, called a batch, is usually 462 
analyzed as a single run without interruption in time and by the same analyst with the 463 
same reagents under the same conditions. 464 

Assay variability: The degree of difference between the duplicate concentrations 465 
determined for a single sample. The difference is expressed as a percentage relative to 466 
the mean of the two. 467 
Assay variability (%) = [(Concentration in analysis to be compared - Concentration in 468 
reference analysis)/Mean of the two] × 100. 469 
  470 
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Blank sample: A matrix sample processed without adding an analyte or internal 471 
standard. 472 

Calibration curve: The relationship between the theoretical concentration and the 473 
response of the analyte. A calibration curve is generated from a blank sample, a zero 474 
sample, and at least 6 concentration levels of calibration standards, including an LLOQ 475 
sample. 476 

Calibration standard: A sample spiked with the analyte of interest to a known 477 
concentration, which is used to generate calibration curves. Calibration standards are 478 
used to generate a calibration curve, from which the concentrations of the analyte in QC 479 
samples and study samples are determined. 480 

Carry-over: An alteration of the measured concentration due to a leftover analyte in the 481 
analytical instrument used. 482 

Cross validation: A validation performed when two or more analytical methods are 483 
used within the same study or across different studies or when analytical methods of 484 
different measurement principles (e.g., LC/MS/MS and ELISA) are used.  485 

Dilution integrity: Assessment of the sample dilution procedure, when required, to 486 
confirm that the procedure does not impact the measured concentration of the analyte. 487 

Full validation: Demonstration of all the validation items i.e., selectivity, lower limit of 488 
quantification (LLOQ), calibration curve, accuracy, precision, matrix effects, recovery, 489 
carry-over, dilution integrity, and stability. Full validation is usually performed when 490 
establishing a new analytical method. 491 

Incurred sample: A study sample that is obtained from a subject or animal that was 492 
dosed with an active study drug. 493 

Incurred sample reanalysis (ISR): Reanalysis of a portion of the incurred samples in 494 
separate analytical runs on different days to check whether the original analytical results 495 
are reproducible. 496 

Internal standard (IS): A compound added to samples for normalization of the 497 
recovery of an analyte during sample processing and the response obtained by the 498 
analytical instrument. A structurally similar analogue or a stable isotope-labeled 499 
compound is used. 500 

Lower limit of quantification (LLOQ): The lowest concentration of an analyte at 501 
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which the analyte can be quantified with reliable accuracy and precision. 502 

Matrix: Whole blood, plasma, serum, urine, or other biological fluid or tissue selected 503 
for analysis. A matrix not containing exogenous chemicals (except anticoagulant) and 504 
their metabolites is called blank matrix. 505 

Matrix effect: An alteration of the analyte response due to matrix component(s) in the 506 
sample. 507 

Matrix factor (MF): The ratio of the analyte response in the presence of matrix to the 508 
response in the absence of matrix. 509 
MF = Analyte response in the presence of matrix/Analyte response in the absence of 510 
matrix. 511 

Partial validation: A validation performed when minor changes are made to an 512 
analytical method that has already been fully validated. A set of parameters to be 513 
evaluated in a partial validation should be determined according to the extent and nature 514 
of the changes made to the method. It can range from as little as within-run accuracy 515 
and precision evaluation to a nearly full validation. 516 

Precision: The degree of closeness between individual concentrations determined in 517 
repeated measurements. Precision is expressed as the coefficient of variation (CV) or 518 
the relative standard deviation (RSD) in percentage.  519 

Precision (%) = (Standard deviation/Mean) × 100. 520 

Processed sample: A sample after processing of a biological specimen, ready for 521 
measurement on an analytical instrument.  522 

Quality control (QC) sample: A sample spiked with the analyte of interest to a known 523 
concentration used to assess the performance and reliability of an analytical method. In 524 
analytical runs, QC samples are analyzed to assess the validity of the analytical method 525 
used for calibration curve and study sample analysis. 526 

Quantification range: The range of concentration of an analyte in which the analyte 527 
can be quantified with reliable accuracy and precision. Quantification range of a 528 
bioanalytical method is ensured by the range of calibration curve (calibration range) and 529 
the dilution integrity. 530 

Reanalysis: Repetition of a series of analytical procedures from the processing step on 531 
samples that have been analyzed once. 532 
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Recovery: The efficiency at which an analytical method recovers the analyte through 533 
the sample-processing step. 534 
Recovery (%) = (Response in a biological sample that was spiked with the analyte and 535 
processed/Response in a biological blank sample that was processed and then spiked 536 
with the analyte) × 100. 537 

Reference material (Reference standard): A compound used as the standard in 538 
quantifying an analyte; mainly used to prepare calibration standards and QC samples. 539 

Response（Response variable）: A response obtained by the detector on an analytical 540 
instrument, usually refers to a peak area (or a peak height) obtained from the 541 
chromatogram generated by conversion of instrument responses into electric signals. 542 

Selectivity: The ability of an analytical method to measure and differentiate the analyte 543 
and the internal standard in the presence of other components in samples. Selectivity is 544 
often used interchangeably with specificity, but some point out that these two terms 545 
should be distinguished, as specificity is an ultimate form of selectivity. Based on this 546 
idea, specificity is generally the ability to detect a single component, while selectivity is 547 
defined as the ability to detect a series of substances which share certain characteristics. 548 
In other words, selectivity is the ability to differentiate the analyte and the internal 549 
standard from other components, which could also be detected. 550 

Specificity: See the definition of "Selectivity." 551 

Stability: The chemical or biological stability of an analyte in a given solvent or matrix 552 
under specific conditions over given time intervals. Analyte stability is evaluated to 553 
ensure that the analyte concentration is not affected as the samples move through each 554 
step of the process from collection to final analysis. 555 

Stock solution: A non-matrix solution of reference material at the highest concentration 556 
prepared in an appropriate solvent. 557 

Study sample: A biological specimen that is obtained from a toxicokinetic study or 558 
clinical trial for bioanalysis. 559 

Surrogate matrix: A matrix used as an alternative to a matrix of limited availability 560 
(e.g., tissue, cerebrospinal fluid, bile). 561 

System suitability: Confirmation of optimum instrument performance using a reference 562 
standard solution of the analyte prior to an analytical run. 563 
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Tiered approach: A strategy to initially limit the characterization of analytical method 564 
and to gradually expand parameters to be characterized and the extent toward a full 565 
validation as the development process proceeds. (see Annex) 566 

Validation: Demonstration of adequate reproducibility and reliability of an analytical 567 
method through various evaluations. 568 

Working solution: A non-matrix solution prepared by diluting the stock solution in an 569 
appropriate solvent. It is mainly added to matrix to prepare calibration standards and 570 
QC samples. 571 

Zero sample: A blank sample spiked with an internal standard. 572 
 573 
  574 
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 575 
Annex	
 Application of a tiered approach 576 
 577 

It is often the case that in vivo human drug metabolites, which should be the target of 578 
bioanalyses in clinical pharmacokinetic studies, are unknown in early stages of clinical 579 
trials and that time is required to prepare a sufficient amount of reference standard for 580 
use in validation. In such cases, the so-called tiered approach may be applied for 581 
analytical method validation for efficient pharmaceutical development. 582 

The tiered approach is a strategy to initially limit the characterization of analytical 583 
method and to gradually expand parameters to be characterized and the extent toward a 584 
full validation as the development process proceeds. Pharmaceutical research and 585 
development could be carried out more efficiently by adopting the tiered approach in 586 
the early to mid-stages of the development process, enabling early-stage evaluations and 587 
facilitating predictions of future development. 588 

However, even when the tiered approach is used, it is advisable to predefine 589 
appropriate criteria for the characterization of analytical method based on scientific 590 
judgment in order to improve the reproducibility and reliability of concentration data 591 
obtained. 592 
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