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Development and Submission of Near Infrared Analytical 1 
Procedures  2 

Guidance for Industry1 3 
 4 

 5 

 6 
This draft guidance, when finalized, will represent the current thinking of the Food and Drug 7 
Administration (FDA or Agency) on this topic.  It does not create any rights for any person and is not 8 
binding on FDA or the public.  You can use an alternative approach if it satisfies the requirements of the 9 
applicable statutes and regulations.  To discuss an alternative approach, contact the FDA staff responsible 10 
for this guidance as listed on the title page.   11 
 12 

 13 
 14 
I. INTRODUCTION  15 
 16 
This guidance provides recommendations to applicants of new drug applications (NDAs), 17 
abbreviated new drug applications (ANDAs)  and drug master file (DMF) holders regarding the 18 
development and submission of near infrared (NIR) analytical procedures used during the 19 
manufacture and analysis of pharmaceuticals (including raw materials, in-process materials and 20 
intermediates, and finished products). It also provides recommendations regarding how the 21 
concepts described in the International Conference on Harmonization (ICH) guidance for 22 
industry Q2(R1) Validation of Analytical Procedures: Text and Methodology (ICH Q2(R1)) and 23 
PAT — A Framework for Innovative Pharmaceutical Development, Manufacturing, and Quality 24 
Assurance2 can be applied to the development, validation, and submission of NIR analytical 25 
procedures.  26 
 27 
This guidance only pertains to the development and validation of NIR analytical procedures and 28 
does not provide recommendations concerning the set-up and qualification of NIR instruments or 29 
their maintenance and calibration. While this guidance is written specifically for NIR, the 30 
fundamental concepts of validation can be applied to other PAT technologies including Raman, 31 
focused beam reflection measurement, particle imaging, X-ray, among other techniques. 32 
 33 
In general, FDA’s guidance documents do not establish legally enforceable responsibilities.  34 
Instead, guidances describe the Agency’s current thinking on a topic and should be viewed only 35 
as recommendations, unless specific regulatory or statutory requirements are cited.  The use of 36 
the word should in Agency guidances means that something is suggested or recommended, but 37 
not required.  38 

                                                 
1 This draft guidance has been prepared by the Office of Pharmaceutical Quality in the Center for Drug Evaluation 
and Research (CDER) at the Food and Drug Administration.  
2 We update guidances periodically.  To make sure you have the most recent version of a guidance, check the FDA 
Drugs guidance Web page at 
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm. 
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 39 
II. BACKGROUND 40 
 41 
NIR analytical procedures are increasingly being used in the pharmaceutical industry for the 42 
identification and assay of pharmaceutical starting materials, intermediates, and finished 43 
products. They are also used to monitor and control manufacturing processes. The development 44 
and validation of NIR analytical procedures are therefore important for ensuring the quality of 45 
pharmaceuticals. It is important for manufacturers who use such procedures to understand the 46 
factors that can affect the performance and suitability of the procedures and the approaches that 47 
can be used to validate them.  48 
 49 
ICH Q2(R1) provides a discussion of the “characteristics that should be considered during the 50 
validation of analytical procedures,” “guidance and recommendations on how to consider the 51 
various validation characteristics for each analytical procedure,” and “an indication of the data 52 
that should be presented in a registration application.” Although many of the concepts described 53 
in ICH Q2(R1) can apply in general to a wide variety of analytical methodologies, the ICH 54 
guidance does not address some unique characteristics of NIR analytical procedures.  55 
 56 
NIR analytical procedures typically combine the following: (1) elements of instrumentation 57 
(analyzer consisting of a NIR spectrophotometer, reflectance or transmission probe, spectral 58 
analysis software, etc.), (2) acquisition parameters, (3) sample presentation (interface) and 59 
sampling, (4) composition of spectral data sets, (5) spectral pretreatment, (6) wavelength 60 
range(s), and (7) a chemometric model, and can therefore be considered more complicated than 61 
the types of analytical procedures for which ICH Q2(R1) was written. This guidance is intended 62 
to discuss how the concepts described in ICH Q2(R1) can be applied to NIR analytical 63 
procedures that use chemometric models and to describe CDER's current thinking about other 64 
issues related to the development and validation of NIR analytical procedures. This guidance is 65 
also intended to describe the type of information that should be submitted about NIR analytical 66 
procedures in applications. 67 
 68 
III. MODES OF MEASUREMENT FOR NIR IMPLEMENTATION 69 
 70 
The guidance describing a regulatory framework for process analytical technology (PAT)3 71 
differentiates between the modes of measurement that can be used by a process analyzer during 72 
the manufacturing process to measure a chemical or physical property-of-interest based on 73 
vibrational spectroscopy (e.g., NIR, Raman). For NIR-based process analyzers, the following 74 
modes of measurement are commonly used for process understanding, monitoring, and control: 75 
 76 

• Off-line, where the sample is analyzed away from the process stream or reactor (e.g., 77 
identity testing of raw material samples by NIR in the quality control (QC) lab). 78 

 79 
• At-line, where the sample is removed, isolated from, and analyzed in close proximity to 80 

the process stream or reactor (e.g., measurement of tablet assay or content uniformity by 81 
                                                 
3 Guidance for Industry PAT — A Framework for Innovative Pharmaceutical Development, Manufacturing, and 
Quality Assurance. 
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NIR, where the NIR analyzer is located next to the tablet press and fed manually or 82 
automatically). 83 
 84 

• On-line, where the sample is diverted to a side stream off the main manufacturing 85 
process, and may be returned to the process stream or reactor (e.g., measurement of cell 86 
density in an anaerobic fermentation process using a flow through cell).  87 

 88 
• In-line, where the sample is not removed from the process stream or reactor (e.g., an in-89 

line monitoring of blend uniformity by NIR, where the NIR analyzer is interfaced with 90 
the blender through a window and takes continuous spectra measurements). 91 

 92 
The following section describes some specific considerations for different modes of NIR 93 
implementation:  94 
 95 

A. At-line or Off-line  96 
 97 

Generally, off-the-shelf NIR interfaces are used for at-line or off-line applications. When called 98 
for by a specific application, customized sample holders can be used. The following factors 99 
should be considered during the development of at-line or off-line measurements. 100 
 101 

• Measurement  102 
 103 
Typical NIR instruments allow transmission and reflectance measurements. 104 
Transmission measurement allows probing of the bulk of the sample, but the useful 105 
spectral range is often limited and the spectra may contain more noise. Reflectance 106 
measurement is dominated by surface signal, but typically has lower noise and a 107 
wider useful spectral range. Transmission measurement offers advantages over 108 
reflectance measurement when sample homogeneity cannot be assured independently. 109 
Selection of an appropriate measurement type should be based on the optical 110 
properties of the sample and the intended application. 111 
 112 

• Spectral Acquisition Time  113 
 114 
Spectral acquisition time is the period during which a specified number of scans are 115 
averaged into a sample spectrum. The spectral acquisition time should be selected to 116 
simultaneously optimize both the signal-to-noise ratio and the measurement duration 117 
for a given application.   118 
 119 

• Sampling   120 
 121 
A sampling plan should be developed to ensure that the samples represent the 122 
process. Samples should be drawn based on rational criteria and intended to ensure 123 
that the samples accurately portray the material being sampled. Additionally, this can 124 
involve time- and location-based sampling.  125 
 126 
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• Sample Preparation  127 
 128 
Sample preparation (i.e., changing the physical characteristics of the sample to make 129 
it more suitable for NIR analysis (e.g., grinding)) is normally not necessary. 130 
However, in situations when sample preparation is performed before spectral 131 
acquisition, the sample preparation used for calibration and validation samples should 132 
be the same as that used for batch samples before measurement during routine 133 
operations. 134 
 135 

B. In-line or On-line  136 
 137 
This implementation typically utilizes a specialized analyzer and custom built interface to 138 
provide an acceptable signal-to-noise ratio and spectral acquisition time. The following factors 139 
should be considered during the development of in-line or on-line measurements. 140 
 141 

• Interface  142 
 143 
The appropriate measurement interface depends on the application.  For example, to 144 
monitor blending in a rotary blender or mixer, a sapphire window is often built into 145 
the blender or mixer wall or lid with an analyzer bolted outside the mixer to ensure 146 
that the analyzer will not be dislodged by the rotary motion of the equipment. 147 
  148 
For other types of measurements (e.g., measuring solvent content during drying), a 149 
probe connected to the analyzer by fiber optic cable can be used. The NIR signal 150 
transmitted through fiber optic cable should be adequate for the intended 151 
measurement. The location of the interface (e.g., position, distance, depth) should 152 
ensure that representative spectra are obtained. NIR interface consistency and 153 
cleanliness should be maintained throughout the entire data acquisition to ensure data 154 
integrity. For some applications, multiple interfaces may be used to ensure 155 
representative measurement. 156 
 157 

• Spectral Acquisition  158 
 159 
To accurately monitor a blending/mixing operation, the interface should be exposed 160 
to the material being blended or mixed throughout the entire spectral acquisition time. 161 
For rotary blenders, spectral acquisition time and frequency are typically adjusted so 162 
that sample spectra are obtained only while the interface is exposed to the material 163 
being blended or mixed (e.g., triggers based on chronometry or gravity are used to 164 
synchronize the start or stop of spectral acquisition).  165 
 166 
Before the process is implemented, manufacturers should confirm that material does 167 
not stick or bind to the interface window during rotation. Additionally, the fluid 168 
dynamic properties (i.e., granular flow) of material within the blender should be 169 
understood and characterized to ensure that the material analyzed through the 170 
interface represents the blended material as a whole and will not segregate during 171 
spectral acquisition. 172 
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 173 
• Data Collection  174 

 175 
For rotary blenders, if wireless communication is used to transmit the NIR signal to 176 
the controller, installed hardware and software should be adequate to ensure the 177 
robustness and integrity of the data transmission. 178 
 179 

• Sampling  180 
 181 
Assessment of the effective sample size is important for some applications (e.g., 182 
blend uniformity analysis). The effective sample size during NIR measurements can 183 
be evaluated from the diameter of the NIR beam, its depth of penetration, and the 184 
density of material. The effective sample size is generally small because the NIR 185 
beam illuminates a small sample volume illuminated by the NIR beam. For blend 186 
uniformity analysis, the effective sample size should be comparable to a unit dose. 187 
 188 

• Reference Measurement  189 
 190 
Ideally, spectral acquisition and reference analysis are performed on identical samples 191 
and subsequently used to develop the calibration model. This may be difficult to 192 
achieve, particularly for in-line measurements. When identical samples cannot be 193 
used, the pairing of the spectra with the reference results should be justified. 194 
  195 

IV. DEVELOPMENT OF NIR MODELS 196 
 197 
An NIR model, which is an integral part of the NIR procedure, is a mathematical expression that 198 
describes how the NIR spectral data are related to the analyte property-of-interest. The 199 
development of an NIR model is usually based on chemometrics. NIR models can be categorized 200 
as quantitative (e.g., for assay) or qualitative (e.g., for identification). Another type of model 201 
involves a rate of change of the process (e.g., blending). Typical steps to develop NIR models are 202 
described below. 203 
 204 

A. Construction of a Calibration Set   205 
 206 
An essential part of developing an NIR model is the construction of a calibration set. The spectra 207 
that comprise the calibration set are acquired from calibration samples. To create a robust model, 208 
the variation built into the calibration samples should include an appropriate concentration range 209 
for the component to be analyzed and other possible sources of variability (e.g., process, 210 
analyzer, variation in physical characteristics of materials). Additionally, expected variation in 211 
process parameters (e.g. design space parameters) that have a potential to influence spectral 212 
response should be built into the calibration samples.  213 
 214 

• Calibration Samples 215 
 216 

Calibration samples should mimic as closely as possible the samples that are expected 217 
from the commercial process. Samples from batches produced at the intended 218 
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commercial scale or representative of the commercial process are ideal because they 219 
generally exhibit the expected process variability. If these calibration samples alone 220 
do not provide a sufficient range of variability, additional samples can be prepared 221 
under laboratory conditions. When preparing calibration samples, the manufacturer 222 
should consider several factors, including, but not limited to, the following: 223 

 224 
• Potential for variation from the sample preparation (e.g., intra-batch 225 

inhomogeneity) that could affect the calibration results.  226 
 227 

• Physical attributes of prepared samples that ensure spectral response similar to 228 
that of material manufactured using the commercial process (e.g., lab-prepared 229 
tablets have physical characteristics equivalent to tablets from the commercial 230 
process). 231 
 232 

• Spectral preprocessing that adequately minimizes the undesired influence of 233 
physical attributes of both lab-prepared and production samples on measured 234 
spectra. 235 

 236 
• When qualitative NIR models are used to identify pharmaceutical materials, 237 

calibration samples that represent the expected variability from each material 238 
should be included. For example, calibration samples can use qualified materials 239 
from multiple vendors or different manufacturing lots 240 
 241 

• For quantitative NIR models, inclusion of concentrations of the analyte of interest 242 
that span a range that is wider than acceptable limits to ensure that the model can 243 
characterize non-conforming materials.  244 
 245 

• When the NIR procedure is intended to simultaneously characterize multiple 246 
analytes, design of experiment methodology that aids selection of the optimal 247 
combination of concentrations of components in calibration samples.  248 
 249 

Other sources of variability that can influence the calibration set include sample presentation, 250 
environmental conditions, and the use of different instruments. Additional factors for 251 
consideration during calibration include: 252 
 253 

• Potential variability from sample presentation should be built into the calibration 254 
set. 255 

 256 
• Environmental variability can be addressed either by measuring spectra under 257 

different environmental conditions, or by maintaining constant environmental 258 
conditions during sample acquisition and spectral measurement. 259 

 260 
• Inclusion of spectra from multiple instruments of the same type can facilitate 261 

future extensions of the calibration to a new instrument or to a new site.  262 
 263 
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• Instrument characteristics may constitute a significant source of variability. This 264 
can be lowered by activating standardization option, often available in the 265 
software associated with NIR instrument. Design of calibration sets to support 266 
standardization can facilitate future extension of the calibration model to new 267 
instrument or to new sites. 268 
 269 

B. Sample Presentation 270 
 271 
For both qualitative and quantitative analyses, the presentation of samples to the NIR instrument 272 
can influence the spectral quality, which affects the performance of the NIR analytical 273 
procedure. A typical NIR analyzer offers various options for sample presentation (e.g., 274 
reflectance versus transmission measurement, single versus multiple sample holders, acquisition 275 
window size, number of individual fibers in a fiber cable). Manufacturers should decide which 276 
option will provide the most useful data.  277 
 278 
Equivalent sample presentation conditions should be used for obtaining calibration and routine 279 
production sample spectra. If sample holders are used that provide for multiple positions (e.g., 280 
tablet wheels or trays), manufacturers should ensure that the location of a sample in the holder 281 
does not affect the obtained spectra. Similarly, if the spectra depend on which side of a tablet is 282 
presented to the spectrometer, the procedure should ensure that the same side of the tablet is 283 
presented to the spectrometer for each scan. When hand-held probes are used, replicate scans of 284 
the same material should be included. Similarly, when samples are placed in vials and scanned 285 
through the vial bottom, replicate scanning to reduce the interference of vial variability should be 286 
performed.  287 
 288 

C. Development of Chemometric Models 289 
 290 
Chemometric models are multivariate models that describe the relationship between spectral 291 
variation in the calibration set and sample characteristics (e.g., drug substance concentration, 292 
sample identity). For NIR analytical procedures, the multivariate models are usually built upon 293 
predictor variables that are wavelength dependent spectral intensities or their linear 294 
combinations. The models are usually developed using common chemometric algorithms such as 295 
principal component analysis (PCA), partial least square (PLS), or principal component 296 
regression (PCR), which are typically included with the commercially available chemometric 297 
software.   298 
 299 
The following factors should be considered by the manufacturer when developing chemometric 300 
models: 301 
 302 

• The wavelength range of the spectral data used to construct the chemometric model 303 
does not need to include the full range of the analyzer. However, restricting the 304 
calibration wavelength range to cover only narrow regions around an analyte peak 305 
can compromise the model’s robustness and model performance should be tested 306 
rigorously using both narrow and full ranges. 307 
 308 
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• Raw NIR spectra should usually be pretreated to reduce variability and enhance 309 
spectral features related to chemical composition (e.g., effects such as particle size or 310 
compression forces on the intensity of scattered light can be removed through spectral 311 
pretreatment). However, inappropriate pretreatments can introduce artifacts or reduce 312 
the signal-to-noise ratio.  313 
 314 

• The appropriate number of factors or latent variables should be chosen to avoid 315 
under- or over-fitting of the model. Most chemometric software packages include 316 
statistical tools to help determine the optimal number of factors. Establishing the 317 
number of factors based on the number of components in the analyte sample is not 318 
considered to be a suitable substitute for the use of these tools. Overfitting the data 319 
with too many fit parameters can lower robustness and lead to poor predictive 320 
performance of the calibration model. 321 
 322 

• Potential outliers in the calibration set (e.g., samples with high leverage or high 323 
residuals, or atypical NIR spectra or reference results) can often be identified by 324 
visual inspection of the data or during internal validation and should be investigated. 325 
Additionally, most software programs contain outlier diagnostics. Those data 326 
resulting from spectral acquisition or reference analysis errors should be considered 327 
confirmed outliers and should be rejected.  Otherwise, these samples should be 328 
retained in the calibration set.  329 
 330 

• When using an NIR procedure for measuring the active ingredient content of the 331 
tablet, the calibration model should be developed using assay values from individual 332 
tablets, based on the matched weight and concentration for each tablet. Conversely, 333 
during routine analysis, the NIR concentration result from each tablet should be 334 
corrected for the weight of the same tablet to obtain the assay value.  335 
 336 

• The preprocessing regimen, spectral range, and the number of latent variables can be 337 
optimized to improve model performance and robustness through internal validation. 338 
 339 

D. Internal Validation for Quantitative Calibration Models 340 
 341 
The following are two common approaches to internal validation: (1) cross-validation using the 342 
calibration set and (2) validation using an internal validation set.     343 
 344 

• Cross-Validation 345 
 346 
This validation process involves removing one or more spectra from the calibration 347 
set, creating a model based on the remaining spectra, applying the model to the 348 
spectra that have been removed, and calculating the differences between the known 349 
reference values and the values predicted by the model (i.e., residuals).  These steps 350 
are applied sequentially to the entire calibration set and the resulting residuals can be 351 
used to calculate the root mean squared error of cross-validation (RMSECV).   352 
 353 
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• Validation Using an Internal Validation Set 354 
 355 
This validation process involves applying one or more models obtained from the 356 
calibration set to the internal validation set. The resulting residuals can be used to 357 
calculate the standard error of prediction (SEP).   358 
 359 

The RMSECV or SEP can be used as one criterion for model optimization. The optimum model 360 
for the intended purpose of the analytical procedure usually exhibits acceptable error while 361 
minimizing the sensitivity of the error to small variations in sample characteristics or model 362 
parameters. 363 
 364 
At the end of the optimization process, the standard error of calibration (SEC) should be 365 
comparable to the standard error of the reference procedure.  366 
 367 

E. Internal Validation of Identification Libraries    368 
 369 
Identification libraries should be internally validated to check proper assignment of spectra to 370 
ensure there are no conflicts among library product and confirm that the library threshold is 371 
appropriately set. Internal validation is performed by treating each spectrum in the library as an 372 
unknown and determining whether each spectrum is correctly and uniquely identified by the 373 
library.    374 
 375 

F. Development of Rate of Change Models  376 
 377 
Rate-of-change models are typically used to monitor and detect the end-point of dynamic 378 
processes (e.g., blending or mixing). The end-point usually coincides with the measured rate of 379 
change falling below a predefined threshold which indicates that the process is sufficiently close 380 
to completion. These models can be based on a change of concentration of active ingredient or 381 
other component or a change in spectral magnitude related to the component-of-interest.  382 
 383 
Manufacturers should consider the following when developing the rate of change models:  384 
 385 

• The end-point criteria should provide assurance that the detected end-point is not a 386 
transient phenomenon (e.g., specifying that the rate of change remains below the end 387 
point value for a pre-determined time or number of blender revolutions). 388 
 389 

• For end-point criteria that are based on statistical considerations (e.g., F-value between 390 
consecutive blocks of spectra), any underlying assumptions (e.g., data normality) should 391 
be met.  392 
 393 

• For blends in which a component-of-interest is present in low concentration, risk exists 394 
that the endpoint represents uniformity of major components. In such cases, the end point 395 
criteria should be demonstrated to be indicative of uniform distribution of the low-level 396 
component of interest.  397 
 398 
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• For models that are based on a change of concentration of active ingredient or other 399 
component, the quantitative NIR model for the component should be separately 400 
developed and validated to ensure accurate and reliable end point detection.    401 

 402 
V. EXTERNAL VALIDATION OF NIR ANALYTICAL PROCEDURES 403 
 404 
Validation should be performed after the chemometric model underlying the NIR analytical 405 
procedure is developed. This is sometimes referred to as “external validation.” Internal validation 406 
of the chemometric model is not considered a substitute for external validation. 407 
 408 
The samples used for external validation should span a suitable range of operating conditions 409 
(i.e., ranges expected during commercial production) and should be obtained independently from 410 
the calibration and internal validation samples used during the development of the NIR models. 411 
These samples should be produced at the intended commercial scale or represent the commercial 412 
process. The number of samples analyzed during validation should be sufficiently large to 413 
provide statistically meaningful results. Results from the NIR and reference analytical 414 
procedures should be acquired using the same samples. 415 
 416 

A. Qualitative Analytical Procedures 417 
 418 
Qualitative NIR procedures based on identification libraries should be validated for specificity. 419 
Specificity is defined by ICH Q2(R1) as “the ability to assess unequivocally the analyte in the 420 
presence of components which may be expected to be present.” This normally involves 421 
demonstrating that positive and negative controls yield the correct pass or fail results. Positive 422 
controls are usually comprised of samples of known identity and acceptable quality as confirmed 423 
by independent reference testing. Placebo or other samples that show spectral similarities to the 424 
tested material can be used as negative controls.  425 
 426 

B. Quantitative Analytical Procedures 427 
 428 
Quantitative procedures should be validated for accuracy, precision, specificity, linearity, and 429 
range.4  430 
 431 

• Accuracy  432 
 433 

The accuracy of the NIR procedure should be determined by a comparison of the 434 
results from the NIR analytical procedure using external validation samples with the 435 
results from a suitable reference analytical procedure. The standard error of prediction 436 
(SEP) can be calculated as a measure of accuracy relative to the external validation 437 
set. Significant differences between SEC and SEP could indicate differences between 438 
the calibration samples and validation samples or an inadequately optimized 439 
calibration model and should be investigated and rectified appropriately. The 440 

                                                 
4 ICH Q2(R1). 
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independent validation set used to determine accuracy should span a suitable range of 441 
sample concentrations.  442 

 443 
• Precision 444 

 445 
The standard deviation of repeat measurements (i.e., repeatability) can be a useful 446 
measure of precision. Samples for repeatability measurement should cover the 447 
expected range of sample variation. Multiple measurements should be made on each 448 
sample. After each measurement, the sample should be repositioned in the sample 449 
holder or on the sample presentation module. Intermediate precision, involving 450 
different analysts or different days, should also be determined.  451 

 452 
• Specificity 453 

 454 
Specificity is normally considered to be verified if the main features of the plot of the 455 
regression coefficients correspond to those of the NIR spectrum of the analyte of 456 
interest.  The spectrum should be pretreated in the same way as spectra used in the 457 
model.  458 

 459 
• Linearity 460 

 461 
To evaluate linearity, analytical results for the external validation samples obtained 462 
using the NIR analytical procedure should be compared to the results obtained using 463 
the reference analytical procedure. When the values are plotted over a suitable range, 464 
a correlation coefficient close to 1 and a y-intercept close to 0 indicate acceptable 465 
linearity.   466 

 467 
• Range 468 

 469 
As recommended in ICH Q2(R1),  the appropriate range for validation studies should 470 
depend on the attribute being evaluated. 471 
 472 

• Detection and Quantitation Limits 473 
 474 
If the NIR analytical procedure will be used near the limit of its detection capability, 475 
LOQ or LOD should be determined. Examples include the analysis of minor 476 
components or drying end-point detection.    477 
 478 

• Robustness 479 
 480 
To evaluate robustness during validation, validation samples should include 481 
anticipated sources of variability during commercial production (e.g., raw materials, 482 
operating and environmental conditions).   483 
 484 
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C. Rate of Change Procedures 485 
 486 
For rate of change procedures (e.g., blending or mixing), the validation should demonstrate the 487 
adequacy of the NIR end-point criteria and the specificity of the NIR procedure for components-488 
of-interest. The adequacy of the end-point criteria should be confirmed with an appropriate 489 
reference methodology (e.g., traditional blend uniformity analysis or an alternative downstream 490 
determination of uniformity).  During validation, the blending/mixing operation should be 491 
stopped as soon as the end-point criteria are achieved. Continuing to blend after the end-point 492 
criteria are achieved can produce misleading results.  Specificity can be demonstrated by 493 
showing that the wavelength region used for the NIR procedure includes major bands of the 494 
components-of-interest.  495 
 496 
VI. IMPLEMENTING AND MAINTAINING NIR ANALYTICAL PROCEDURES  497 
 498 
The quality management system should ensure that NIR analytical procedures are appropriately 499 
followed, maintained, and revised as needed throughout the product life cycle. To accomplish 500 
this, manufacturers should establish appropriate hardware maintenance procedures (e.g., 501 
reliability testing to estimate the mean time to failure (MTTF) and mean time between failure 502 
(MTBF), suitability testing, maintenance schedule, repair). In addition, the manufacturer should 503 
establish procedures to:  504 

  505 
• Continually monitor calibration model predictions to detect changes, including trends 506 

and shifts.  507 
 508 

• Recognize circumstances that might warrant revision of the calibration model. 509 
Examples of such circumstances may include the following: 510 

 511 
• Significant changes of materials, equipment, and/or manufacturing processes.  512 
• Unusual or erroneous NIR results. 513 
• Failure to meet routine method verification criteria.  514 
• Transfer of the NIR analytical procedure. 515 
• Major repair of the analyzer.  516 

 517 
• Revise and revalidate the calibration model. 518 

 519 
Such procedures should maintain the model over the product life cycle and may be documented 520 
in the manufacturer’s internal quality system. 521 
 522 
When implementing NIR procedures, a manufacturer should consider developing contingency 523 
procedures to follow if NIR equipment fails before or in the middle of measurements or ongoing 524 
operations. This is particularly important for in-line or on-line implementation of an NIR 525 
analytical procedure. 526 

 527 
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VII. INFORMATION SUBMITTED IN AN APPLICATION 528 
 529 
The applicant should provide information about all NIR analytical procedures that are included 530 
in the control strategy. Information should be provided related to the following: (1) NIR 531 
analytical procedure, (2) development of the NIR analytical procedure, and (3) validation of the 532 
NIR analytical procedure. Additionally, the applicant should provide a high level summary of the 533 
plans for life cycle maintenance of models associated with NIR analytical procedures. 534 
Information for NIR procedures used only for development or information purposes during 535 
commercial manufacturing does not need to be submitted. 536 
  537 
If NIR and another equivalent method are both submitted, the applicant should indicate the role 538 
of each method to provide clarity for decisions concerning batch disposition. Specifically, the 539 
applicant should indicate which method would be used for routine release and which would be 540 
considered the alternate method in accordance with 314.50(d)(1)(i) (for drug substance) and 541 
314.50(d)(1)(ii)(a) (for drug product). 542 
 543 

A. PROCEDURAL INFORMATION 544 
 545 
The following basic information should be provided for NIR analytical procedures: 546 
 547 

• Purpose of the procedure. 548 
 549 

• Location within the process (i.e., which unit operation). 550 
• Mode of measurement (in-line, on-line, at-line, off-line). 551 
• Property or attribute-of-interest to be measured. 552 
• Intended use (e.g., in-process, end-product release testing). 553 

 554 
• Analyzer and software information. 555 
 556 

• Instrument manufacturer, model, and type (e.g., dispersive or Fourier Transform).  557 
 558 

• Name and version number of the software used for spectral acquisition, model 559 
development, and routine prediction. Indicate if the software is custom-made.  560 
 561 

• Data acquisition information including measurement principle (e.g. transmission 562 
or reflectance mode), acquisition time, number of spectra averaged, number of 563 
scans, number of replicates, wavelength ranges, etc.  564 
 565 

• Information on sampling accessory. If a specialized sample holder is used, 566 
information on sample orientation (e.g., random, with indentation up or down).  567 

 568 
• Description of the steps for the sample analysis. It should include, when relevant: 569 
 570 

• Reference (background) spectrum collection. 571 
• Sample presentation. 572 
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• Sample preparation or conditioning. 573 
• System suitability description. 574 
• For assay and content uniformity the tablet weight measurement. 575 

 576 
For in-line or on-line methods, the following additional information should be provided: 577 
 578 

• Information on how the NIR instrument is interfaced to the process.  579 
 580 

• A description of the system or procedure followed to ensure that the interface remains 581 
clean and free of adherent material. 582 
 583 

• For on-line blending or mixing, a description of the system used to trigger spectral 584 
acquisition that ensures the interface window remains covered by the blend 585 
throughout the acquisition.   586 
 587 

• End-point criteria of a process, such as blending or mixing. 588 
 589 

• A contingency plan addressing a failure of the NIR analyzer and situations when an 590 
in-process NIR procedure fails to detect the pre-established end-point, as applicable. 591 

 592 
B. DEVELOPMENT INFORMATION 593 

 594 
The following basic information should be provided about the development of NIR analytical 595 
procedures: 596 
 597 

• Calibration and internal validation sets:  598 
 599 

• Information about the respective batches including, batch number, batch size, and 600 
number of samples from each batch used to create the calibration set. 601 
 602 

• If an internal validation set is used, the method of separating calibration and 603 
internal validation spectra.  604 
 605 

• For quantitative procedures, distribution of the reference values in the calibration 606 
and internal validation sets (it can also be shown in the form of predicted vs. 607 
reference results or residual plots). 608 
 609 

• If some samples are prepared in small batches to represent a known concentration 610 
of the analyte, indication of differences in appearance (shape, size dimensions, 611 
indentation) from the production samples. 612 
 613 

• Information on sources of variation included in the calibration set and how they 614 
relate to the potential variations in raw materials and process parameters expected 615 
during commercial production. 616 

 617 
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• Chemometric model: 618 
 619 

• Rationale for the selection of wavelength ranges, spectral pretreatments, 620 
algorithms and thresholds used. For spectral pretreatments the order that the 621 
processing was applied should be reported 622 
 623 

• For quantitative methods, internal model validation to support the number of 624 
latent variables, including PRESS (predicted residual error sum of squares) plot or 625 
other diagnostics to demonstrate that the model is not over-fit  626 
 627 

• For a qualitative model (identification library), some measure of positive 628 
predictive value should be provided. This could include the distances (match 629 
values) between all library products for small libraries or graphical representation 630 
for large libraries. 631 
 632 

• Description of outlier handling. 633 
 634 

• Examples of spectra, raw and pre-treated, including pure component spectra, if 635 
available. 636 

 637 
For in-line or on-line methods, the following additional development information should be 638 
provided: 639 
 640 

• Estimation and rationale for the effective sample size for blending or mixing. 641 
 642 

• Data demonstrating that the interface is covered with sample and that the sample 643 
remains stationary during spectral acquisition. 644 

 645 
• Data demonstrating suitability of probe window location 646 

 647 
• Justification with data supporting end-point criteria of a process such as 648 

blending/mixing. 649 
 650 

• Data supporting contingency plans for a situation when the in-process NIR method 651 
does not indicate end-point even after prolonged processing, as appropriate. 652 

 653 
C. VALIDATION INFORMATION 654 

 655 
Basic information that should be provided about the validation of NIR analytical procedures 656 
includes: 657 
 658 

• Information on the external validation set: 659 
  660 

• Information about the respective batches, including batch number, batch size, and 661 
number of samples from each batch used to create the external validation set.  662 
 663 
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• For quantitative procedures, distribution of the reference values in the external 664 
validation set (it can also be shown in the form of predicted versus reference 665 
results or residual plots). 666 
 667 

• Validation of a quantitative procedure, including specificity, linearity, accuracy, 668 
precision, and robustness, as appropriate (see section V). 669 
 670 

• Validation of a qualitative method, including specificity. 671 
 672 

• Information on the reference analytical procedure and its standard error. 673 
 674 

• Data to demonstrate that the model is valid at commercial scale (e.g., use of 675 
commercial scale data during procedure development). 676 
 677 

• High level summary of how the procedure will be maintained over the product’s life 678 
cycle. 679 

  680 
For in-line blending or mixing, validation information should also include sampling strategy 681 
for the reference analytical procedure and test results used to verify blend uniformity 682 
determined by NIR. 683 
 684 
For measuring assay and content uniformity, validation information should also include a 685 
comparison of NIR results (including tablet weight correction) with reference analytical 686 
procedure results for the same tablet. The comparison should be performed on statistically 687 
significant number of individual tablets from commercial scale batches.  688 

 689 
VIII. POSTAPPROVAL CHANGES 690 
 691 
This section provides recommendations for the reporting category for postapproval changes 692 
related to NIR analytical procedures. It is not intended to describe what information should be 693 
provided by the applicant regarding the assessment of the effect of a change on the identity, 694 
strength, quality, purity, or potency of a drug product.  695 
 696 
In general, the appropriate reporting categories for postapproval changes to NIR procedures 697 
depend on the following conditions:  698 
 699 

• Probability that the change to the NIR procedure could compromise the performance of 700 
the procedure (e.g., accuracy, specificity). 701 
 702 

• Potential impact on product quality and its severity if the analytical procedure is 703 
compromised, which depends on the role of the procedure in the control strategy (e.g., 704 
failure of a procedure used for the release of the final product can have a high impact on 705 
product quality).  706 

 707 
The table below is a schematic representation of how applicants can use these considerations to 708 
determine the type of change and appropriate reporting mechanism: 709 
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 710 
Types of Changes and Reporting Categories 

 Potential impact of change on procedure performance 
Low Medium High 

Potential impact of 
failure on product 
quality (depends 
on the role of the 
procedure in the 
control strategy) 

Low Minor Change 
(Annual report) 

Minor Change 
(Annual report) 

Moderate Change 
(CBE5 30) 

High Minor Change 
(Annual report) 

Moderate 
Change 
(CBE 30) 

Major Change 
(PAS)6 

  711 
A. Major Changes (Prior Approval Supplement) 712 

 713 
Shown below are examples of changes related to NIR analytical procedures that FDA considers 714 
to have a substantial potential to have an adverse effect on the identity, strength, quality, purity, 715 
or potency of the drug product and should be submitted as a prior approval supplement. These 716 
changes are expected to have a high potential impact on both the procedure performance and 717 
product quality. 718 
 719 

• The addition of a new NIR analytical procedure (or replacement of a traditional 720 
analytical procedure) used for release or stability testing of drug product or drug 721 
substance, or in-process procedures used for real time release testing (RTRT). 722 
 723 

• A change to a principle of operation of an NIR analytical procedure (e.g., reflectance 724 
to transmission) used for release or stability testing of drug product or drug substance, 725 
or in-process procedures used for RTRT. 726 
 727 

• A replacement of an analyzer, software or sample interface that requires a new 728 
calibration model (e.g. totally new spectral set) resulting from a new calibration set 729 
for an NIR analytical procedure used for release or stability testing of drug product or 730 
drug substance, or in-process procedures used for RTRT.  731 

 732 
B. Moderate Changes (Changes Being Effected in 30 Days Supplement) 733 

 734 
The following is a list of changes related to NIR analytical procedures that FDA considers to 735 
have a moderate potential to have an adverse effect on the identity strength, quality, purity, or 736 
potency of the drug product. These should be submitted as a CBE 30 supplement. These changes 737 
are expected to have the following: (1) a high potential impact procedure performance but a low 738 
potential to impact product quality, or (2) a medium potential impact procedure performance and 739 
a high potential to impact product quality. 740 
 741 

                                                 
5 Changes being effected. 
6 Prior approval supplement. 
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• Examples of changes to an NIR analytical procedure that is used for release or 742 
stability testing of a drug product, a drug substance or in-process procedures used for 743 
RTRT:  744 

 745 
• Addition of a significant number of new spectra to the original calibration set 746 

provided that the procedure is validated using acceptance limits equivalent to 747 
those used for the original procedure.  748 

 749 
• Transfer of an NIR procedure when the procedure is validated using 750 

acceptance limits equivalent to those used for the original procedure.   751 
 752 
• Addition of a new NIR analytical procedure (or replacement of a traditional analytical 753 

procedure) used for testing raw materials, in-process materials or intermediates for 754 
drug substance and drug product 755 

 756 
• Establishing a new chemometric model resulting from a new calibration set for an 757 

NIR analytical procedure used for testing raw materials, in-process material, or 758 
intermediates for a drug substance and a drug product.  759 

 760 
C. Minor Changes (Annual Report)  761 

 762 
The following is a list of changes related to NIR analytical procedures that FDA considers to 763 
have a minimal potential to have an adverse effect on the identity strength, quality, purity, or 764 
potency of the drug product. These should be submitted in the annual report. These changes are 765 
expected to have the following: (1) a low potential to impact both procedure performance and 766 
product quality, (2) a medium potential impact procedure performance and a low potential to 767 
impact product quality, or (3) a low potential impact procedure performance but a high potential 768 
to impact product quality. 769 
 770 

• Examples of changes to an NIR analytical procedure that are used for testing raw 771 
materials and in-process material or intermediates: 772 

 773 
• Addition of a significant number of new spectra to the original calibration set 774 

provided that the procedure is validated using acceptance limits equivalent to 775 
those used for the original procedure. 776 
 777 

• Transfer of NIR procedure provided that the procedure is validated using 778 
acceptance limits equivalent to those used for the original procedure. 779 

 780 
• Addition of a few new spectra to the original calibration set for an NIR 781 

procedure used for release or stability testing of a drug product or a drug 782 
substance, including in-process procedures used for RTRT,  provided  the NIR 783 
procedure is validated using acceptance limits equivalent to those used for the 784 
original procedure. 785 

 786 
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• A replacement of an analyzer, or sample interface that does not result in recalibration 787 
as demonstrated by successful verification of the existing procedure on the new 788 
hardware. 789 
 790 

Note that changes not mentioned in the above three categories, can use a similar approach to 791 
determine appropriate filing strategy. If unclear about selection of an appropriate regulatory 792 
notification pathway, the applicant can contact appropriate review division.  793 
 794 
IX. GLOSSARY  795 
 796 
Accuracy: As defined in ICH Q2(R1), the accuracy of an analytical procedure expresses the 797 
closeness of agreement between the value that is accepted either as a conventional true value or 798 
an accepted reference value and the value found. For NIR procedures, the accepted reference 799 
value is usually obtained from a reference procedure. 800 
 801 
NIR Model: A mathematical expression that describes how the NIR spectral data are related to 802 
the analyte property-of-interest. 803 
 804 
Chemometrics: Multivariate methods to analyze, extract, or compare data from chemical 805 
systems. 806 
 807 
Calibration Model: A model used to predict characteristics or properties of unknown samples.  808 
 809 
Calibration Set: A set of spectra with corresponding known sample concentrations or physical 810 
characteristics of interest. 811 
 812 
Detection Limit: The lowest amount of analyte in a sample that can be detected at a specified 813 
confidence level but not necessarily quantitated with suitable precision and accuracy.  814 
 815 
External Validation: In the context of quantitative models, refers to confirmation of NIR 816 
calibration model performance with an independent (or naïve) data set. For identification 817 
libraries, external validation involves analysis of samples not represented in the library 818 
(challenges) to demonstrate discriminative ability of the library model.  819 
 820 
External Validation Set: A set of spectra and related reference values that is separate from the 821 
calibration set and internal validation set and is used to give an independent assessment of the 822 
performance of the calibration model. Ideally, the range of the validation set should be similar to 823 
that of the calibration set. 824 
 825 
Quantitation Limit: The lowest amount of analyte in a sample that can be quantitatively 826 
determined with suitable precision and accuracy. 827 
 828 
Identification Test: For NIR procedures, a qualitative implementation of NIR spectroscopy 829 
where an unknown sample spectrum is compared to one or more spectra representing materials 830 
of known identity included in a spectral library.  831 
 832 
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Internal Validation: A part of the model optimization process that involves a comparison of 833 
NIR predictions with corresponding reference values. This can be accomplished using an internal 834 
validation set (test set) or the calibration data by cross validation. Internal validation is not a 835 
substitute for the external validation of the model. 836 
 837 
Internal Validation Set: A set of spectra obtained from samples that have physical and chemical 838 
characteristics that span a range of variability similar to the samples used to construct the 839 
calibration set. 840 
 841 
Linearity: The ability of the procedure (within a given range) to achieve predictions that are 842 
proportional to the concentration of analyte in the sample (i.e., the reference concentration).  843 
 844 
Precision: The closeness of agreement between a series of measurements obtained from multiple 845 
sampling of the same homogeneous sample under the prescribed conditions. Precision is 846 
determined by three factors: (1) repeatability (intra-assay precision), (2) intermediate precision 847 
(within laboratory), and (3) reproducibility (between laboratories).  848 
 849 
PRESS Plot: A plot of predicted residual error sum of squares (PRESS) as a function of the 850 
number of latent variables. PRESS values decrease initially with an increasing number of latent 851 
variables, reach a minimum, and then increase again or remain stable. PRESS plots are used to 852 
estimate an optimal number of latent variables to avoid overfitting. 853 
 854 
Rate of Change Models: An NIR procedure based on the observation of changes of 855 
concentration of active ingredient, other ingredient (i.e., the ingredient of primary interest), or 856 
spectral magnitude. This approach is typically used for blending monitoring where the endpoint 857 
is often related to the rate of change falling below a certain threshold. 858 
 859 
Real Time Release Testing: The ability to evaluate and ensure the quality of in-process and/or 860 
final product based on process data, which typically include a valid combination of measured 861 
material attributes and process controls. 862 
 863 
Reference Method: An analytical procedure (e.g., an HPLC test) that is used to obtain reference 864 
values of calibration and validation samples.  865 
 866 
Reference Values: Numerical results obtained using a reference method. 867 

Robustness: The capacity of NIR model predictions to remain unaffected by small variations in 868 
manufacturing and environmental conditions. It indicates the procedure's reliability during 869 
normal usage. 870 
 871 
Specificity: The ability to unequivocally assess the analyte in the presence of components or 872 
other compounds that may be expected to be present (e.g., impurities, degradants, matrix etc.).  873 
 874 

875 
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Standard Error of Calibration (SEC): A measure of the difference between NIR values and 876 
reference values of the same calibration set. SEC is given by the following equation: 877 
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Where: Yc = NIR predicted value obtained from a calibration set sample; yc= 879 
referencevalue from the same calibration set sample; n = number of samples; p = number 880 
of coefficients in the model (e.g., wavelength (MLR), principle components (PCA or 881 
PCR), factors (PLS)). 882 
 883 

Standard Error of Prediction (SEP): A measure of the difference between NIR values and 884 
reference values of validation set. SEP is given by the following equation: 885 
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Where: Yv = NIR predicted value from a validation set sample obtained using the 887 
established NIR calibration model; yv= reference value of the same validation set sample; 888 
n = number of samples. 889 

 890 
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