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PART I 105 

 106 
1. INTRODUCTION 107 

 108 
1.1 Objective of the Guideline 109 

This guideline describes the suggested contents for the Pharmaceutical Development 110 
section which provides an opportunity to present the knowledge gained through the 111 
application of scientific approaches and quality risk management to the development 112 
of a product and its manufacturing process. It is first produced for the original 113 
marketing application and can be updated to support new knowledge gained over the 114 
lifecycle* of a product. The Pharmaceutical Development section is intended to provide 115 
a comprehensive understanding of the product and manufacturing process for 116 
reviewers and inspectors. The guideline also indicates areas where the demonstration 117 
of greater understanding of pharmaceutical and manufacturing sciences can create a 118 
basis for flexible regulatory approaches. The degree of regulatory flexibility is 119 
predicated on the level of relevant scientific knowledge provided. 120 

 121 
1.2 Scope 122 
This guideline is intended to provide guidance on the contents of the Pharmaceutical 123 
Development for veterinary medicinal products. The guideline does not apply to 124 
contents of submissions for drug products during the clinical research stages of drug 125 
development. However, the principles in this guideline are important to consider 126 
during those stages as well. This guideline might also be appropriate for other types 127 
of products. To determine the applicability of this guideline to a particular type of 128 
product, applicants can consult with the appropriate regulatory authorities. 129 

 130 
2. PHARMACEUTICAL DEVELOPMENT 131 

The aim of pharmaceutical development is to design a quality product and its 132 
manufacturing process to consistently deliver the intended performance of the 133 
product. The information and knowledge gained from pharmaceutical development 134 
studies and manufacturing experience provide scientific understanding to support the 135 
establishment of the design space*, specifications, and manufacturing controls. 136 
Information from pharmaceutical development studies can be a basis for quality risk 137 
management. It is important to recognize that quality*cannot be tested into products; 138 
i.e., quality should be built in by design. Changes in formulation and manufacturing 139 
processes during development and lifecycle management should be looked upon as 140 
opportunities to gain additional knowledge and further support establishment of 141 
the design space. Similarly, inclusion of relevant knowledge gained from 142 
experiments giving unexpected results can also be useful. Design space is proposed 143 
by the applicant and is subject to regulatory assessment and approval. Working 144 
within the design space is not considered as a change. Movement out of the design 145 
space is considered to be a change and would normally initiate a regulatory post 146 
approval change process. 147 

The Pharmaceutical Development section should describe the knowledge that 148 
establishes that the type of dosage form selected and the formulation proposed are 149 
suitable for the intended use. This section should include sufficient information in 150 
each part to provide an understanding of the development of the drug product and 151 
its manufacturing process. Summary tables and graphs are encouraged where they 152 
add clarity and facilitate review. 153 
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At a minimum, those aspects of drug substances, excipients, container closure 154 
systems, and manufacturing processes that are critical to product quality should be 155 
determined and control strategies justified. Critical formulation attributes and 156 
process parameters are generally identified through an assessment of the extent to 157 
which their variation can have impact on the quality of the drug product. 158 

In addition, the applicant can choose to conduct pharmaceutical development 159 
studies that can lead to an enhanced knowledge of product performance over a wider 160 
range of material attributes, processing options and process parameters. Inclusion 161 
of this additional information in this section provides an opportunity to 162 
demonstrate a higher degree of understanding of material attributes, 163 
manufacturing processes and their controls. This scientific understanding 164 
facilitates establishment of an expanded design space. In these situations, 165 
opportunities exist to develop more flexible regulatory approaches, for example, to 166 
facilitate: 167 

• risk-based regulatory decisions (reviews and inspections); 168 

• manufacturing process improvements, within the approved design space 169 
described in the dossier (or application), without further regulatory review; 170 

• reduction of post-approval submissions; 171 

• real-time quality control, leading to a reduction of end-product release testing. 172 
 173 

To realize this flexibility, the applicant should demonstrate an enhanced knowledge of 174 
product performance over a range of material attributes, manufacturing process 175 
options and process parameters. This understanding can be gained by application of, 176 
for example, formal experimental designs*, process analytical technology (PAT)1, and/or 177 
prior knowledge. Appropriate use of quality risk management principles can be helpful 178 
in prioritizing the additional pharmaceutical development studies to collect such 179 
knowledge. The design and conduct of pharmaceutical development studies should be 180 
consistent with their intended scientific purpose. It should be recognized that the level 181 
of knowledge gained, and not the volume of data, provides the basis for science-based 182 
submissions and their regulatory evaluation. 183 

 184 
2.1 Components of the Drug Product 185 

 186 
2.1.1 Drug Substance 187 
The physicochemical and biological properties of the drug substance that can influence 188 
the performance of the drug product and its manufacturability, or were specifically 189 
designed into the drug substance (e.g., solid state properties), should be identified and 190 
discussed. Examples of physicochemical and biological properties that might need to 191 
be examined include solubility, water content, particle size, crystal properties, 192 
biological activity, and permeability. These properties could be inter-related and 193 
might need to be considered in combination. 194 

To evaluate the potential effect of drug substance physicochemical properties on the 195 
performance of the drug product, studies on drug product might be warranted. For 196 
example, the VICH GL39 Specifications: Test Procedures and Acceptance Criteria for 197 
New Veterinary Drug Substances and New Veterinary Medicinal Products: Chemical 198 
Substances describes some of the circumstances in which drug product studies are 199 
recommended (e.g., Decision Tree #3 and #4). This approach applies equally for the 200 
VICH GL40 Specifications: Test Procedures and Acceptance Criteria for 201 
Biotechnology/Biological Veterinary Medicinal Products. The knowledge gained from 202 
the studies investigating the potential effect of drug substance properties on drug 203 
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product performance can be used, as appropriate, to justify elements of the drug 204 
substance specification. 205 

The compatibility of the drug substance with excipients should be evaluated. For 206 
products that contain more than one drug substance, the compatibility of the drug 207 
substances with each other should also be evaluated. 208 

 209 
2.1.2 Excipients 210 
The excipients chosen, their concentration, and the characteristics that can influence 211 
the drug product performance (e.g., stability, bioavailability) or manufacturability 212 
should be discussed relative to the respective function of each excipient. This should 213 
include all substances used in the manufacture of the drug product, whether they 214 
appear in the finished product or not (e.g., processing aids). Compatibility of excipients 215 
with other excipients, where relevant (for example, combination of preservatives in a 216 
dual preservative system), should be established. The ability of excipients (e.g., 217 
antioxidants, penetration enhancers, disintegrants, release controlling agents) to 218 
provide their intended functionality, and to perform throughout the intended drug 219 
product shelf life, should also be demonstrated. The information on excipient 220 
performance can be used, as appropriate, to justify the choice and quality attributes 221 
of the excipient, and to support the justification of the drug product specification. 222 

Information to support the safety of excipients, when appropriate, should be cross- 223 
referenced. 224 

 225 
2.2 Drug Product 226 

2.2.1 Formulation Development 227 
A summary should be provided describing the development of the formulation, 228 
including identification of those attributes that are critical to the quality of the drug 229 
product, taking into consideration intended usage and route of administration. 230 
Information from formal experimental designs can be useful in identifying critical 231 
or interacting variables that might be important to ensure the quality of the drug 232 
product. 233 

The summary should highlight the evolution of the formulation design from initial 234 
concept up to the final design. This summary should also take into consideration 235 
the choice of drug product components (e.g., the properties of the drug substance, 236 
excipients, container closure system, any relevant dosing device), the 237 
manufacturing process, and, if appropriate, knowledge gained from the 238 
development of similar drug product(s). 239 

Any excipient ranges included in the batch formula should be justified in this 240 
section of the application; this justification can often be based on the experience 241 
gained during development or manufacture. 242 

A summary of formulations used in clinical safety and efficacy and in any relevant 243 
bioavailability or bioequivalence studies should be provided. Any changes between 244 
the proposed commercial formulation and those formulations used in pivotal 245 
clinical batches and primary stability batches should be clearly described and the 246 
rationale for the changes provided. 247 

Information from comparative in vitro studies (e.g., dissolution) or comparative in 248 
vivo studies (e.g., bioequivalence) that links clinical formulations to the proposed 249 
commercial formulation should be summarized and a cross- reference to the studies 250 
(with study numbers) should be provided. Where attempts have been made to 251 
establish an in vitro/in vivo correlation, the results of those studies, and a cross-252 
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reference to the studies (with study numbers), should be provided in this section. A 253 
successful correlation can assist in the selection of appropriate dissolution 254 
acceptance criteria, and can potentially reduce the need for further bioequivalence 255 
studies following changes to the product or its manufacturing process. 256 

Any special design features of the drug product (e.g., tablet score line, overfill, anti- 257 
counterfeiting measure as it affects the drug product) should be identified and a 258 
rationale provided for their use. 259 

 260 
2.2.2 Overages 261 
In general, use of an overage of a drug substance to compensate for degradation 262 
during manufacture or a product’s shelf life, or to extend shelf life, is discouraged. 263 

Any overages in the manufacture of the drug product, whether they appear in the 264 
final formulated product or not, should be justified considering the safety and 265 
efficacy of the product. Information should be provided on the 1) amount of overage, 266 
2) reason for the overage (e.g., to compensate for expected and documented 267 
manufacturing losses), and 3) justification for the amount of overage. The overage 268 
should be included in the amount of drug substance listed in the batch formula. 269 

 270 
2.2.3 Physicochemical and Biological Properties 271 
The physicochemical and biological properties relevant to the safety, performance 272 
or manufacturability of the drug product should be identified and discussed. This 273 
includes the physiological implications of drug substance and formulation 274 
attributes. For example, information supporting the selection of dissolution vs. 275 
disintegration testing, or other means to assure drug release, and the development 276 
and suitability of the chosen test, could be provided in this section. See also VICH GL 277 
39 Specifications: Test Procedures And Acceptance Criteria For New Veterinary Drug 278 
Substances And New Veterinary Medicinal Drug Products: Chemical Substances; 279 
Decision Tree #4 (Part 3) and Decision Tree #7 (Part 1) or VICH GL40  Specifications: 280 
Test Procedures and Acceptance Criteria for Biotechnology/Biological Veterinary 281 
Medicinal Products. The discussion should cross-reference any relevant stability data  282 
submitted in the application. 283 

 284 
2.3 Manufacturing Process Development 285 
The selection, the control, and any improvement of the manufacturing process 286 
intended for commercial production batches should be explained. It is important to 287 
consider the critical formulation attributes, together with the available manufacturing 288 
process options, in order to address the selection of the manufacturing process and 289 
confirm the appropriateness of the components. Appropriateness of the equipment 290 
used for the intended products should be discussed. Process development studies 291 
should provide the basis for process improvement, process validation, continuous 292 
process verification (where applicable), and any process control requirements. Where 293 
appropriate, such studies should address microbiological as well as physical and 294 
chemical attributes. The knowledge gained from process development studies can be 295 
used, as appropriate, to justify the drug product specification. 296 

The manufacturing process development program or process improvement program 297 
should identify any critical process parameters that should be monitored or controlled 298 
(e.g., granulation end point) to ensure that the product is of the desired quality. 299 

For those products intended to be sterile, an appropriate method of sterilization for the 300 
drug product and primary packaging material should be chosen and the choice 301 
justified. 302 

Significant differences between the manufacturing processes used to produce batches 303 
for pivotal clinical trials (safety, efficacy, bioavailability, bioequivalence) or primary 304 
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stability studies and the manufacturing process should be discussed. The discussion 305 
should summarize the influence of the differences on the performance, 306 
manufacturability and quality of the product. The information should be presented in 307 
a way that facilitates comparison of the processes and the corresponding batch 308 
analyses information. The information should include, for example, (1) the identity 309 
(e.g., batch number) and use of the batches produced (e.g., bioequivalence study batch 310 
number), (2) the manufacturing site, (3) the batch size, and (4) any significant 311 
equipment differences (e.g., different design, operating principle, size), and 5) any 312 
difference in the quality between the batches. 313 

 314 
In order to provide flexibility for future process improvement, when describing the 315 
development of the manufacturing process, it is useful to describe measurement 316 
systems that allow monitoring of critical attributes or process end-points. Collection of 317 
process monitoring data during the development of the manufacturing process can 318 
provide useful information to enhance process understanding. The process control 319 
strategies that provide process adjustment capabilities to ensure control of all critical 320 
attributes should be described. 321 

 322 
An assessment of the ability of the process to reliably produce a product of the 323 
intended quality (e.g., the performance of the manufacturing process under 324 
different operating conditions, at different scales, or with different equipment) can 325 
be provided. An understanding of process robustness* can be useful in risk 326 
assessment* and risk reduction* (see ICH Q9 Quality Risk Management glossary 327 
for definition) and to support future manufacturing and process improvement, 328 
especially in conjunction with the use of risk management* tools (see ICH Q9 329 
Quality Risk Management). 330 

 331 
2.4 Container Closure System 332 
The choice and rationale for selection of the container closure system for the 333 
commercial product should be discussed. Consideration should be given to the 334 
intended use of the drug product and the suitability of the container closure system 335 
for storage and transportation (shipping), including the storage and shipping 336 
container for bulk drug product, where appropriate. 337 

The choice of materials for primary packaging should be justified. The discussion 338 
should describe studies performed to demonstrate the integrity of the container and 339 
closure. A possible interaction between product and container or label should be 340 
considered. 341 

The choice of primary packaging materials should consider, e.g., choice of materials, 342 
protection from moisture and light, compatibility of the materials of construction 343 
with the dosage form (including sorption to container and leaching), and safety of 344 
materials of construction. Justification for secondary packaging materials should 345 
be included, when relevant. 346 

If a dosing device is used (e.g., metered pump device, dosing syringe), it is important 347 
to demonstrate that a reproducible and accurate dose of the product is delivered 348 
under testing conditions which, as far as possible, simulate the use of the product. 349 

 350 
2.5 Microbiological Attributes 351 
Where appropriate, the microbiological attributes of the drug product should be 352 
discussed. The discussion should include, for example: 353 

• The rationale for performing or not performing microbial limits testing for non 354 
sterile drug products (e.g., Decision Tree #8 in VICH GL39  Specifications: Test 355 
Procedures and Acceptance Criteria for New Veterinary Drug Substances and 356 
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New Veterinary Medicinal  Products: Chemical Substances and VICH GL40  357 
Specifications: Test Procedures and Acceptance Criteria for 358 
Biotechnology/Biological Veterinary Medicinal Products); 359 

• The selection and effectiveness of preservative systems in products containing 360 
antimicrobial preservative or the antimicrobial effectiveness of products that 361 
are inherently antimicrobial; 362 

• For sterile products, the integrity of the container closure system as it relates 363 
to preventing microbial contamination. 364 

 365 

Although chemical testing for preservative content is the attribute normally 366 
included in the drug product specification, antimicrobial preservative effectiveness 367 
should be demonstrated during development. The lowest specified concentration of 368 
antimicrobial preservative should be demonstrated to be effective in controlling 369 
micro-organisms by using an antimicrobial preservative effectiveness test. The 370 
concentration used should be justified in terms of efficacy and safety, such that the 371 
minimum concentration of preservative that gives the required level of efficacy 372 
throughout the intended shelf life of the product is used. Where relevant, microbial 373 
challenge testing under testing conditions that, as far as possible, simulate the 374 
practical usage of the product should be performed during development and 375 
documented in this section. 376 

 377 
2.6 Compatibility 378 
The compatibility of the drug product with reconstitution diluents (e.g., precipitation, 379 
stability) should be addressed to provide appropriate and supportive information for 380 
the labelling. This information should cover the recommended in-use shelf life, at the 381 
recommended storage temperature and at the likely extremes of concentration. 382 
Similarly, admixture or dilution of products prior to administration (e.g., soluble 383 
powders or oral concentrates) might need to be  addressed. 384 

 385 
3. GLOSSARY 386 

 387 
Continuous Process Verification: 388 
An alternative approach to process validation in which manufacturing process 389 
performance is continuously monitored and evaluated. 390 

Design Space: 391 
The multidimensional combination and interaction of input variables (e.g., material 392 
attributes) and process parameters that have been demonstrated to provide assurance 393 
of quality. Working within the design space is not considered as a change. Movement 394 
out of the design space is considered to be a change and would normally initiate a 395 
regulatory post approval change process. Design space is proposed by the applicant 396 
and is subject to regulatory assessment and approval. 397 

Formal Experimental Design: 398 

A structured, organized method for determining the relationship between factors 399 
affecting a process and the output of that process. Also known as “Design of 400 
Experiments”. 401 

 402 
Knowledge Management:  403 

Systematic approach to acquiring, analyzing, storing, and disseminating 404 
information related to products, manufacturing processes and components.  405 
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Lifecycle: 406 
All phases in the life of a product from the initial development through marketing 407 
until the product’s discontinuation. 408 

Process Analytical Technology (PAT): 409 
A system for designing, analyzing, and controlling manufacturing through timely  410 
measurements (i.e., during processing) of critical quality and performance attributes 411 
of raw and in-process materials and processes with the goal of ensuring final product 412 
quality. 413 

Process Robustness: 414 
Ability of a process to tolerate variability of materials and changes of the process and 415 
equipment without negative impact on quality. 416 

 417 

Quality: 418 
The suitability of either a drug substance or drug product for its intended use. This 419 
term includes such attributes as the identity, strength, and purity (from VICH 420 
GL39 Specifications: Test Procedures and Acceptance Criteria for New Veterinary 421 
Drug Substances and New Veterinary Medicinal  Products: Chemical Substances). 422 

 423 
Quality risk management:  424 
A systematic process for the assessment, control, communication and review of risks to 425 
the quality of the drug (medicinal) product across the product lifecycle. 426 

 427 
Risk assessment:  428 
A systematic process of organizing information to support a risk decision to be made within a risk 429 
management process. It consists of the identification of hazards and the analysis and evaluation of 430 
risks associated with exposure to those hazards. 431 
 432 
Risk management:  433 
The systematic application of quality management policies, procedures, and practices to the tasks of 434 
assessing, controlling, communicating, and reviewing risk. 435 

 436 
Risk reduction:  437 
Actions taken to lessen the probability of occurrence of harm and the severity of that harm. 438 

 439 
4. REFERENCES: 440 

 441 
1. ICH Q9: Quality Risk Management. 442 

 443 
2. ICH Q10: Pharmaceutical Quality System. 444 

 445 
3. VICH GL39 Specifications: Test Procedures and Acceptance Criteria for New Veterinary 446 

Drug Substances and New Veterinary Medicinal Products: Chemical Substances. 447 
 448 

4. VICH GL40 Specifications: Test Procedures and Acceptance Criteria for 449 
Biotechnology/Biological Veterinary Medicinal Products. 450 

 451 
  452 
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PART II 453 
 454 
 455 

1. INTRODUCTION 456 

This guideline is an annex to VICH Guideline” Pharmaceutical Development Report” 457 
and provides further clarification of key concepts outlined in the core guideline. In 458 
addition, this annex describes the principles of quality by design1 (QbD). The annex is 459 
not intended to establish new standards or to introduce new regulatory requirements; 460 
however, it shows how concepts and tools (e.g., design space1) outlined in the parent 461 
VICH Guideline for Pharmaceutical Development Report could be put into practice by the 462 
applicant for all dosage forms. Where a company chooses to apply quality by design 463 
and quality risk management (ICH Q9, Quality Risk Management), linked to an 464 
appropriate pharmaceutical quality system, opportunities arise to enhance science- 465 
and risk-based regulatory approaches (see ICH Q10, Pharmaceutical Quality System). 466 

Approaches to Pharmaceutical Development 467 

 468 
In all cases, the product should be designed to meet the needs of the user and the 469 
target animal(s) and the intended product performance. Strategies for product 470 
development vary from company to company and from product to product. The 471 
approach to, and extent of, development can also vary and should be outlined in the 472 
submission. An applicant might choose either an empirical approach or a more 473 
systematic approach to product development, or a combination of both. An illustration 474 
of the potential contrasts of these approaches is shown in Appendix 1. A more 475 
systematic approach to development (also defined as quality by design) can include, 476 
for example, incorporation of prior knowledge, results of studies using design of 477 
experiments, use of quality risk management, and use of knowledge management (see 478 
ICH Q10) throughout the lifecycle1 of the product. Such a systematic approach can 479 
enhance achieving the desired quality of the product and help the regulators to better 480 
understand a company’s strategy. Product and process understanding can be updated 481 
with the knowledge gained over the product lifecycle. 482 

A greater understanding of the product and its manufacturing process can create a 483 
basis for more flexible regulatory approaches. The degree of regulatory flexibility is 484 
predicated on the level of relevant scientific knowledge provided in the registration 485 
application. It is the knowledge gained and submitted to the authorities, and not the 486 
volume of data collected, that forms the basis for science- and risk-based submissions 487 
and regulatory evaluations. Nevertheless, appropriate data demonstrating that this 488 
knowledge is based on sound scientific principles should be presented with each 489 
application. 490 

Pharmaceutical development should include, at a minimum, the following elements: 491 

• Defining the quality target product profile1 (QTPP) as it relates to quality, 492 
safety and efficacy, considering e.g., the route of administration, dosage form, 493 
bioavailability, strength, and stability; 494 

• Identifying potential critical quality attributes1 (CQAs) of the drug product, so 495 
that those product characteristics having an impact on product quality can be 496 
studied and controlled; 497 

• Determining the critical quality attributes of the drug substance, excipients 498 
etc., and selecting the type and amount of excipients to deliver drug product of 499 
the desired quality1; 500 
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• Selecting an appropriate manufacturing process ; 501 

• Defining a control strategy1. 502 

An enhanced, quality by design approach to product development would additionally 503 
include the following elements: 504 

• A systematic evaluation, understanding and refining of the formulation and 505 
manufacturing process, including; 506 

o Identifying, through e.g., prior knowledge, experimentation, and risk 507 
assessment, the material attributes and process parameters that can 508 
have an effect on product CQAs; 509 

o Determining the functional relationships that link material attributes 510 
and process parameters to product CQAs; 511 

• Using the enhanced product and process understanding in combination with 512 
quality risk management to establish an appropriate control strategy which 513 
can, for example, include a proposal for a design space(s) and/or real-time 514 
release testing1. 515 

As a result, this more systematic approach could facilitate continual improvement and 516 
innovation throughout the product lifecycle (See ICH Q10). 517 

 518 
2. ELEMENTS OF PHARMACEUTICAL DEVELOPMENT 519 

The section that follows elaborates on possible approaches to gaining a more 520 
systematic, enhanced understanding of the product and process under development. 521 
The examples given are purely illustrative and are not intended to create new 522 
regulatory requirements. 523 

 524 
2.1 Quality Target Product Profile 525 
The quality target product profile forms the basis of design for the development of the 526 
product. Considerations for the quality target product profile could include: 527 

• Intended use in clinical setting, route of administration, dosage form, delivery 528 
systems; 529 

• Dosage strength(s); 530 

• Container closure system; 531 

• Therapeutic moiety release or delivery and attributes affecting pharmacokinetic 532 
characteristics (e.g., dissolution, aerodynamic performance) appropriate to the 533 
drug product dosage form being developed; 534 

• Drug product quality criteria (e.g., sterility, purity, stability and drug release) 535 
appropriate for the intended marketed product. 536 

 537 
2.2 Critical Quality Attributes 538 
A CQA is a physical, chemical, biological, or microbiological property or characteristic 539 
that should be within an appropriate limit, range, or distribution to ensure the desired 540 
product quality. CQAs are generally associated with the drug substance, excipients, 541 
intermediates (in-process materials) and drug product. 542 

CQAs of solid oral dosage forms are typically those aspects affecting product purity, 543 
strength, drug release and stability. CQAs for other delivery systems can additionally 544 
include more product specific aspects, such as rheological properties for pastes,  545 
sterility for parenterals, and re-suspendability for suspension. For drug substances, 546 
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raw materials and intermediates, the CQAs can additionally include those properties 547 
(e.g., particle size distribution, bulk density) that affect drug product CQAs. 548 

Potential drug product CQAs derived from the quality target product profile and/or 549 
prior knowledge are used to guide the product and process development. The list of 550 
potential CQAs can be modified when the formulation and manufacturing process are 551 
selected and as product knowledge and process understanding increase. Quality risk 552 
management can be used to prioritize the list of potential CQAs for subsequent 553 
evaluation. Relevant CQAs can be identified by an iterative process of quality risk 554 
management and experimentation that assesses the extent to which their variation 555 
can have an impact on the quality of the drug product. 556 

 557 
2.3 Risk Assessment: Linking Material Attributes and Process Parameters 558 

to Drug Product CQAs 559 

Risk assessment is a valuable science-based process used in quality risk management 560 
(see ICH Q9) that can aid in identifying which material attributes and process 561 
parameters potentially have an effect on product CQAs. Risk assessment is typically 562 
performed early in the pharmaceutical development process and is repeated as more 563 
information becomes available and greater knowledge is obtained. 564 

Risk assessment tools can be used to identify and rank parameters (e.g., process, 565 
equipment, input materials) with potential to have an impact on product quality, 566 
based on prior knowledge and initial experimental data. For an illustrative example, 567 
see Appendix 2. The initial list of potential parameters can be quite extensive, but can 568 
be modified and prioritized by further studies (e.g., through a combination of design of 569 
experiments, mechanistic models). The list can be refined further through 570 
experimentation to determine the significance of individual variables and potential 571 
interactions. Once the significant parameters are identified, they can be further 572 
studied (e.g., through a combination of design of experiments, mathematical models, 573 
or studies that lead to mechanistic understanding) to achieve a higher level of process 574 
understanding. 575 

 576 
 577 

2.4 Design Space 578 
The relationship between the process inputs (material attributes and process 579 
parameters) and the critical quality attributes can be described in the design space 580 
(see examples in Appendix 2). 581 

 582 
2.4.1 Selection of Variables 583 
The risk assessment and process development experiments described in Section 2.3 584 
can lead to an understanding of the linkage and effect of process parameters and 585 
material attributes on product CQAs, and also help identify the variables and their 586 
ranges within which consistent quality can be achieved. These process parameters 587 
and material attributes can thus be selected for inclusion in the design space. 588 

A description should be provided in the application of the process parameters and 589 
material attributes considered for the design space, those that were included, and 590 
their effect on product quality. The rationale for inclusion in the design space 591 
should be presented. In some cases it is helpful to provide also the rationale as to 592 
why some parameters were excluded. Knowledge gained from studies should be 593 
described in the submission. Process parameters and material attributes that were 594 
not varied through development should be highlighted. 595 
 596 
2.4.2 Describing a Design Space in a Submission 597 
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A design space can be described in terms of ranges of material attributes and 598 
process parameters, or through more complex mathematical relationships. It is 599 
possible to describe a design space as a time dependent function (e.g., temperature 600 
and pressure cycle of a lyophilization cycle), or as a combination of variables such 601 
as components of a multivariate model. Scaling factors can also be included if the 602 
design space is intended to span multiple operational scales. Analysis of historical 603 
data can contribute to the establishment of a design space. Regardless of how a 604 
design space is developed, it is expected that operation within the design space will 605 
result in a product meeting the defined quality. 606 

Examples of different potential approaches to presentation of a design space are 607 
presented in Appendix 2. 608 

 609 
2.4.3 Unit Operation Design Space(s) 610 

The applicant can choose to establish independent design spaces for one or more 611 
unit operations, or to establish a single design space that spans multiple operations. 612 
While a separate design space for each unit operation is often simpler to develop, a 613 
design space that spans the entire process can provide more operational flexibility. 614 
For example, in the case of a drug product that undergoes degradation in solution 615 
before lyophilization, the design space to control the extent of degradation (e.g., 616 
concentration, time, temperature) could be expressed for each unit operation or as 617 
a sum over all unit operations. 618 

 619 
2.4.4 Relationship of Design Space to Scale and Equipment 620 
When describing a design space, the applicant should consider the type of 621 
operational flexibility desired. A design space can be developed at any scale. The 622 
applicant should justify the relevance of a design space developed at small or pilot 623 
scale to the proposed production scale manufacturing process and discuss the 624 
potential risks in the scale-up operation. 625 

 626 

If the applicant proposes the design space to be applicable to multiple operational 627 
scales, the design space should be described in terms of relevant scale-independent 628 
parameters. For example, if a product was determined to be shear sensitive in a 629 
mixing operation, the design space could include shear rate, rather than agitation 630 
rate. Dimensionless numbers and/or models for scaling can be included as part of the 631 
design space description. 632 

 633 
2.4.5 Design Space Versus Proven Acceptable Ranges 634 

A combination of proven acceptable ranges1 does not constitute a design space. 635 
However, proven acceptable ranges based on univariate experimentation can provide 636 
useful knowledge about the process. 637 

 638 
2.4.6 Design Space and Edge of Failure 639 

It can be helpful to determine the edge of failure for process parameters or material 640 
attributes, beyond which the relevant quality attributes cannot be met. However, 641 
determining the edge of failure or demonstrating failure modes are not essential parts 642 
of establishing a design space. 643 

 644 
2.5 Control Strategy 645 
A control strategy is designed to ensure that a product of required quality will be 646 
produced consistently. The elements of the control strategy discussed in the appropriate 647 
section of the dossier should describe and justify how in-process controls and the 648 
controls of input materials (drug substance and excipients), intermediates (in-process 649 
materials), container closure system, and drug products contribute to the final product 650 
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quality. These controls should be based on product, formulation and process 651 
understanding and should include, at a minimum, control of the critical process 652 
parameters1 and material attributes. 653 

A comprehensive pharmaceutical development approach will generate process and 654 
product understanding and identify sources of variability. Sources of variability that 655 
can impact product quality should be identified, appropriately understood, and 656 
subsequently controlled. Understanding sources of variability and their impact on 657 
downstream processes or processing, in-process materials, and drug product quality 658 
can provide an opportunity to shift controls upstream and minimize the need for end 659 
product testing. Product and process understanding, in combination with quality risk 660 
management (see ICH Q9), will support the control of the process such that the 661 
variability (e.g., of raw materials) can be compensated for in an adaptable manner to 662 
deliver consistent product quality. 663 

This process understanding can enable an alternative manufacturing paradigm where 664 
the variability of input materials could be less tightly constrained. Instead it can be 665 
possible to design an adaptive process step (a step that is responsive to the input 666 
materials) with appropriate process control to ensure consistent product quality. 667 

Enhanced understanding of product performance can justify the use of alternative 668 
approaches to determine that the material is meeting its quality attributes. The use of 669 
such alternatives could support real time release testing. For example, disintegration 670 
could serve as a surrogate for dissolution for fast-disintegrating solid forms with 671 
highly soluble drug substances. Unit dose uniformity performed in-process (e.g., using 672 

weight variation coupled with near infrared (NIR) assay) can enable real time 673 
release testing and provide an increased level of quality assurance compared to the 674 
traditional end-product testing using compendial content uniformity standards. 675 
Real time release testing can replace end product testing, but does not replace the 676 
review and quality control steps called for under GMP to release the batch. 677 

A control strategy can include, but is not limited to, the following: 678 

• Control of input material attributes (e.g., drug substance, excipients, primary 679 
packaging materials) based on an understanding of their impact on 680 
processability or product quality; 681 

• Product specification(s); 682 

• Controls for unit operations that have an impact on downstream processing or 683 
product quality (e.g., the impact of drying on degradation, particle size 684 
distribution of the granulate on dissolution); 685 

• In-process or real-time release testing in lieu of end-product testing (e.g. 686 
measurement and control of CQAs during processing); 687 

• A monitoring program (e.g., full product testing at regular intervals) for 688 
verifying multivariate prediction models. 689 

A control strategy can include different elements. For example, one element of the 690 
control strategy could rely on end-product testing, whereas another could depend on 691 
real-time release testing. The rationale for using these alternative approaches should 692 
be described in the submission. 693 

Adoption of the principles in this guideline can support the justification of alternative 694 
approaches to the setting of specification attributes and acceptance criteria as 695 
described in VICH GL39 and GL40 . 696 

 697 
2.6 Product Lifecycle Management and Continual Improvement 698 

Throughout the product lifecycle, companies have opportunities to evaluate innovative 699 
approaches to improve product quality (see ICH Q10). 700 
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Process performance can be monitored to ensure that it is working as anticipated to 701 
deliver product quality attributes as predicted by the design space. This monitoring 702 
could include trend analysis of the manufacturing process as additional experience is 703 
gained during routine manufacture. For certain design spaces using mathematical 704 
models, periodic maintenance could be useful to ensure the model’s performance. The 705 
model maintenance is an example of activity that can be managed within a company‘s 706 
own internal quality system provided the design space is unchanged. 707 

Expansion, reduction or redefinition of the design space could be desired upon gaining 708 
additional process knowledge. Change of design space is subject to regional 709 
requirements. 710 

3.SUBMISSION OF PHARMACEUTICAL DEVELOPMENT AND RELATED 711 
INFORMATION IN VETERINARY MEDICINAL APPLICATION:  712 

Pharmaceutical development information can be submitted in the appropriate 713 
section of the regional application. Other information resulting from pharmaceutical 714 
development studies could be accommodated in a number of different ways and some 715 
specific suggestions are provided below. However, the applicant should clearly 716 
indicate where the different information is located. In addition to what is submitted 717 
in the application, certain aspects (e.g., product lifecycle management, continual 718 
improvement) of this guideline are handled under the applicant’s pharmaceutical 719 
quality system (see ICH Q10). 720 

 721 
3.1 Quality Risk Management and Product and Process Development 722 
Quality risk management can be used at different stages during product and process development 723 
and manufacturing implementation. The assessments used to guide and justify development 724 
decisions can be included in the relevant sections of the application. For example, risk analyses 725 
and functional relationships linking material attributes and process parameters to product CQAs 726 
or linking the design of the manufacturing process to product quality can be included in the 727 
appropriate section(s) of each regional application.  728 
 729 
3.2 Design Space 730 

As an element of the proposed manufacturing process, the design space(s) can be 731 
described in the appropriate section of the application that includes the description of the 732 
manufacturing process and process controls. If appropriate, additional information can 733 
be provided in the section of the application that addresses the controls of critical steps 734 
and intermediates. The product and manufacturing process development sections of the 735 
application are appropriate places to summarize and describe product and process 736 
development studies that provide the basis for the design space(s). The relationship of 737 
the design space(s) to the overall control strategy can be discussed in the section of the 738 
application that includes the justification of the drug product specification. 739 
 740 

 3.3 Control Strategy 741 

The section of the application that includes the justification of the drug product 742 
specification is a good place to summarize the overall drug product control strategy. 743 
However, detailed information about input material controls and process controls should 744 
still be provided in the appropriate sections (e.g., drug substance section, control of 745 
excipients, description of manufacturing process and process controls, controls of critical 746 
steps and intermediates. 747 

 748 
 3.4 Drug Substance Related Information 749 

If drug substance CQAs have the potential to affect the CQAs or manufacturing process 750 
of the drug product, some discussion of drug substance CQAs can be appropriate in the 751 
pharmaceutical development section of the application. 752 
 753 
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4. GLOSSARY 754 

Control Strategy: 755 

A planned set of controls, derived from current product and process understanding 756 
that ensures process performance and product quality. The controls can include 757 
parameters and attributes related to drug substance and drug product materials and 758 
components, facility and equipment operating conditions, in-process controls, finished 759 
product specifications, and the associated methods and frequency of monitoring and 760 
control. (ICH Q10) 761 

Critical Process Parameter (CPP): 762 

A process parameter whose variability has an impact on a critical quality attribute 763 
and therefore should be monitored or controlled to ensure the process produces the 764 
desired quality. 765 

Critical Quality Attribute (CQA): 766 

A physical, chemical, biological or microbiological property or characteristic that 767 
should be within an appropriate limit, range, or distribution to ensure the desired 768 
product quality. 769 

Design Space: 770 

The multidimensional combination and interaction of input variables (e.g., material 771 
attributes) and process parameters that have been demonstrated to provide assurance 772 
of quality. Working within the design space is not considered as a change. Movement 773 
out of the design space is considered to be a change and would normally initiate a 774 
regulatory post approval change process. Design space is proposed by the applicant 775 
and is subject to regulatory assessment and approval (VICH GL61, Part I). 776 

Lifecycle: 777 

All phases in the life of a product from the initial development through marketing 778 
until the product’s discontinuation (VICH GL61, Part I). 779 

Proven Acceptable Range: 780 

A characterised range of a process parameter for which operation within this range, 781 
while keeping other parameters constant, will result in producing a material meeting 782 
relevant quality criteria. 783 

Quality: 784 

The suitability of either a drug substance or a drug product for its intended use. This 785 
term includes such attributes as the identity, strength, and purity (VICH GL39). 786 

Quality by Design (QbD): 787 

A systematic approach to development that begins with predefined objectives and 788 
emphasizes product and process understanding and process control, based on sound 789 
science and quality risk management. 790 

Quality Target Product Profile (QTPP): 791 

A prospective summary of the quality characteristics of a drug product that ideally 792 
will be achieved to ensure the desired quality, taking into account safety and efficacy 793 
of the drug product. 794 

 795 

Real Time Release Testing: 796 

The ability to evaluate and ensure the quality of in-process and/or final product based on 797 
process data, which typically include a valid combination of measured material attributes 798 
and process controls. 799 

 800 
 801 
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Appendix 1. Differing Approaches to Pharmaceutical Development 802 

The following table has been developed to illustrate some potential contrasts between 803 
what might be considered a minimal approach and an enhanced, quality by design 804 
approach regarding different aspects of pharmaceutical development and lifecycle 805 
management. The comparisons are shown merely to aid in the understanding of a 806 
range of potential approaches to pharmaceutical development and should not be 807 
considered to be all-encompassing. The table is not intended to specifically define the 808 
only approach a company could choose to follow. In the enhanced approach, 809 
establishing a design space or using real time release testing is not necessarily 810 
expected. Current practices in the pharmaceutical industry vary and typically lie 811 
between the two approaches presented in the table. 812 

 813 
 814 

Aspect Minimal Approaches Enhanced, Quality by Design Approaches 

Overall 
Pharmaceutical 
Development 

• Mainly empirical 

• Developmental research often 
conducted one variable at a 
time 

• Systematic, relating mechanistic 
understanding of material attributes and 
process parameters to drug product CQAs 

• Multivariate experiments to understand 
product and process 

• Establishment of design space 

• PAT tools utilized 

Manufacturing 
Process 

• Fixed 

• Validation primarily based on 
initial full-scale batches 

• Focus on optimization and 
reproducibility 

• Adjustable within design space 

• Lifecycle approach to validation and, ideally, 
continuous process verification 

• Focus on control strategy and robustness 

• Use of statistical process control methods 

Process 
Controls 

• In-process tests primarily for 
go/no go decisions 

• Off-line analysis 

• PAT tools utilized with appropriate feed 
forward and feedback controls 

• Process operations tracked and trended to 
support continual improvement efforts post- 
approval 

Product 
Specifications 

• Primary means of control 

• Based on batch data available 
at time of registration 

• Part of the overall quality control strategy 

• Based on desired product performance with 
relevant supportive data 

Control Strategy • Drug product quality controlled 
primarily by intermediates (in- 
process materials) and end 
product testing 

• Drug product quality ensured by risk-based 
control strategy for well understood product 
and process 

• Quality controls shifted upstream, with the 
possibility of real-time release testing or 
reduced end-product testing 

Lifecycle 
Management 

• Reactive (i.e., problem solving 
and corrective action) 

• Preventive action 

• Continual improvement facilitated 
815 

 816 
 817 
 818 
 819 
 820 
 821 
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Appendix 2. Illustrative Examples 822 

 823 
A. Use of a risk assessment tool. 824 

For example, a cross-functional team of experts could work together to develop an 825 
Ishikawa (fishbone) diagram that identifies potential variables which can have an 826 
impact on the desired quality attribute. The team could then rank the variables based 827 
on probability, severity, and detectability using failure mode effects analysis (FMEA) 828 
or similar tools based on prior knowledge and initial experimental data. Design of 829 
experiments or other experimental approaches could then be used to evaluate the 830 
impact of the higher ranked variables, to gain greater understanding of the process, 831 
and to develop a proper control strategy. 832 

 833 
Ishikawa diagram  834 

 835 
 836 

B. Depiction of interactions 837 

The figure below depicts the presence or absence of interactions among three process 838 
parameters on the level of degradation product Y. The figure shows a series of two- 839 
dimensional plots showing the effect of interactions among three process parameters 840 
(initial moisture content, temperature, mean particle size) of the drying operation of a 841 
granulate (drug product intermediate) on degradation product Y. The relative slopes 842 
of the lines or curves within a plot indicate if interaction is present. In this example, 843 
initial moisture content and temperature are interacting; but initial moisture content 844 
and mean particle size are not, nor are temperature and mean particle size. 845 

 846 

 847 

 848 

 849 

 850 

 851 

 852 

 853 

 854 

 855 

 856 

 857 

 858 

 859 

 860 

 861 

 862 

 863 

 864 
 865 

 866 

 867 
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 868 

 869 

 870 

 871 

 872 

 873 

 874 

 875 

 876 

 877 

 878 

 879 
 880 
 881 
 882 
 883 
 884 
 885 
 886 
 887 

 888 

B. Presentations of design space 889 
 890 

Example 1: Response graphs for dissolution are depicted as a surface plot (Figure 1a) 891 
and a contour plot (Figure 1b). Parameters 1 and 2 are factors of a granulation 892 
operation that affect the dissolution rate of a tablet (e.g., excipient attribute, water 893 
amount, granule size.) 894 

 895 

 896 
Figure 1a: Response surface plot of 897 
dissolution as a function of two 898 
parameters of a granulation 899 
operation. Dissolution above 80% is  900 
desired.  901 

Figure 1b: Contour plot of dissolution from 902 
example 1a. 903 

 904 
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 905 

 906 
Figure 1c: Design space for granulation 907 
parameters, defined by a non-linear 908 
combination of their ranges, that delivers 909 
satisfactory dissolution (i.e., >80%). 910 

911 

 912 

 913 
Figure 1d: Design space for granulation 914 
parameters, defined by a linear 915 
combination of their ranges, that delivers 916 
satisfactory dissolution (i.e., >80%). 917 

Two examples are given of potential design spaces. In Figure 1c, the design space is 918 
defined by a non-linear combination of parameter ranges that delivers the dissolution 919 
critical quality attribute. In this example, the design space is expressed by the 920 
response surface equation resolved at the limit for satisfactory response (i.e.,80% 921 
dissolution). The acceptable range of one parameter is dependent on the value of the 922 
other. For example: 923 
- If Parameter 1 has a value of 46, then Parameter 2 has a range of 0 and 1.5 924 
- If Parameter 2 has a value of 0.8, then Parameter 1 has a range of 43 and 54 925 

The approach in Figure 1c allows the maximum range of operation to achieve the 926 
desired dissolution rate. In Figure 1d, the design space is defined as a smaller range, 927 
based on a linear combination of parameters. 928 

 929 
- Parameter 1 has a range of 44 and 53 930 
- Parameter 2 has a range of 0 and 1.1 931 

 932 
While the approach in Figure 1d is more limiting, the applicant may prefer it for 933 
operational simplicity. 934 

 935 
This example discusses only two parameters and thus can readily be presented 936 
graphically. When multiple parameters are involved, the design space can be 937 
presented for two parameters, in a manner similar to the examples shown above, at 938 
different values (e.g., high, middle, low) within the range of the third parameter, the 939 
fourth parameter, and so on. Alternatively, the design space can be explained 940 
mathematically through equations describing relationships between parameters for 941 
successful operation. 942 

 943 
 944 
 945 
 946 
 947 
 948 
 949 
 950 

 951 
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> 80% 
75-
80% 
70-
75% 

65
 

 

4-
5% 
3-
4% 

 
  

 
 

 

Example 2: Design space determined from the common region of successful operating 952 
ranges for multiple CQAs. The relations of two CQAs, i.e., tablet friability and 953 
dissolution, to two process parameters of a granulation operation are shown in Figures 954 
2a and 2b. Parameters 1 and 2 are factors of a granulation operation that affect the 955 
dissolution rate of a tablet (e.g., excipient attribute, water amount, granule size). 956 
Figure 2c shows the overlap of these regions and the maximum ranges of the proposed 957 
design space. The applicant can elect to use the entire region as the design space, or 958 
some subset thereof. 959 

 960 

 961 

 962 

 963 
   4-5% 
  > 80%    3-4% 
  75-80%    2-3% < 2% 
       

       

  65-70%     

       

 964 
 965 
 966 
 967 

Figure 2a: Contour plot of dissolution as 968 
a function of Parameters 1 and 2. 969 

970 

Figure 2b: Contour plot of friability as a 971 
function of Parameters 1 and 2. 972 

 973 

 974 
 975 

Figure 2c: Proposed design space, 976 
comprised of the overlap region of 977 
ranges for friability and or 978 
dissolution. 979 

 980 

 981 

 982 

 983 

 984 

 985 

 986 

 987 

 988 
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Example 3: The design space for a drying operation that is dependent upon the path 989 
of temperature and/or pressure over time. The end point for moisture content is 1-2%. 990 
Operating above the upper limit of the design space can cause excessive impurity  991 

formation, while operating below the lower limit of the design space can result in 992 
excessive particle attrition. 993 

 994 

 995 

 996 
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