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Preface  90 

In 2017, the former State Food and Drug Administration issued the Technical Guidance for the 91 

Research and Evaluation of Cell Therapy Products (for Trial Implementation), which provides a 92 

general description of the technical requirements for cell therapy products when they are developed 93 

in accordance with the relevant laws and regulations on drug administration. On the basis of that, 94 

this technical guidance is to promote the development of the stem cell industry by further regulating 95 

and guiding the industry and reviewers on research, development, application and evaluation of 96 

stem cell products from CMC perspective.  97 

The purpose of this guideline is to provide advice on the technical aspects of CMC research from 98 

the development to the marketing stage of stem cell products developed as drugs based on existing 99 

current knowledge. 100 

Stem cell products that are developed and registered as pharmaceutical products are subject to the 101 

supervision of the State Drug Administration (NMPA) and comply with the requirements of the 102 

Drug Administration Law of the People's Republic of China, the Administrative Measures for Drug 103 

Registration, the Pharmacopoeia of the People's Republic of China and other relevant laws and 104 

regulations. The whole production process of stem cell products for human use should comply with 105 

the basic principles and relevant requirements of the Good Manufacturing Practice (GMP). 106 

Scope   107 

“Stem cell products" in this guidance include stem cells and their derivatives obtained from human-108 

derived adult or somatic stem cells (ASCs/SSCs), human embryonic stem cells (hESCs) and induced 109 

pluripotent stem cells (iPSCs), expanded, induced to differentiate, or transformed (differentiated) 110 

from mature somatic cells, mixed into appropriate formula, dispensed into specific containers, in 111 

line with specific drug release standards, can be applied directly to patients, and can also be used in 112 

combination with tissue engineering materials for patient therapeutic products. 113 

General principles  114 

Stem cell products are characterized by complex origin and composition, diverse cell types, the 115 

ability of the cells themselves to survive in vivo, proliferate or/and differentiate on their own, large 116 

variability and complexity in production scale and processes, and complex mechanisms of product 117 

action, etc. Therefore, the design and validation of production processes, quality research and 118 

control of stem cell products should fully consider the above basic characteristics, such as having a 119 

clear and reasonable source of donor cells and screening criteria, selection of packaging systems, 120 

storage and transportation conditions that can effectively maintain cell viability and activity. 121 

Stem cell products should follow step-by-step and phase appropriate drug development rules. In 122 

principle, in the clinical trial application phase, the files package should meet the requirements of 123 

clinical trials to carry out with the convincing safety of participants. In clinical trials period, the 124 
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production process and product quality and other related research should continue to be improved. 125 

In the marketing authorization application, the thorough research data should be provided to support 126 

the safety, effectiveness and quality control of the final product. 127 

The development and production process of stem cell products includes the whole process from the 128 

acquisition, transportation, receipt of donor materials, product production and inspection to the 129 

release, storage and transportation of finished products, in line with the general rules of cell therapy 130 

products, while applying this guideline, other relevant general guidelines for biological products (1~6) 131 

are also applicable. 132 

Risk assessment and Management 133 

In addition to the common risks of biologics in general, the risks of stem cell products include the 134 

risk of contamination and cross-contamination (donor, raw materials, operational processes), the 135 

risk of residues of high-risk starting raw materials (ESCs/iPSCs, gene delivery and modification 136 

systems), the risk of impurities such as non-target cells and unintended changes during processing, 137 

the risk of changes in production processes and other quality of stem cell products risk factors. Risk 138 

factors affecting the quality of stem cell products specifically include, but are not limited to: (1) 139 

donor age, health status, etc. (2) cell source (autologous, allogeneic, iPSC source, etc.), biological 140 

characteristics (proliferation ability, differentiation ability, migration ability, genealogical proximity 141 

to the therapeutic target tissue), and genetic mutations. (3) cell production process operations (in 142 

vitro culture/expansion/induction/differentiation/ genetic manipulation/ cryopreservation/recovery, 143 

etc.) and the effect of the complexity of the operation on cell characteristics, such as the effect of 144 

genetic modification on the cell genome. (4) the duration of in vitro exposure of cells to specific 145 

culture substances, cell culture time, cell survival and cell generation, etc. (5) induction materials 146 

and dose, induction time, and the order of adding treatment, etc. (6) the mode of administration 147 

(topical application, intravenous infusion, or surgical application), whether the recipient needs to be 148 

pretreated, whether to form a combination with non-cellular products (bioactive molecules or 149 

structural materials), etc. 150 

Based on the comprehensive consideration of various factors, the overall risk of products for 151 

different types of product characteristics and the whole life cycle process should be accessed., and 152 

the corresponding risk control strategies should be developed. At least the following aspects should 153 

probably be considered to develop stem cell product risk control strategies: 154 

(1) Establishing operational specifications for clearing and isolation, focusing on strict quality 155 

control of raw materials of animal or human origin, analytical inspection of cell banks and 156 

harvesting fluids, and detection and control of sterility, mycoplasma, and endogenous viruses at key 157 

production steps. 158 

(2) To manage upstream and downstream material batch numbers and labels, establish a perfect 159 

traceability system, and pay attention to cell identification testing during the production process to 160 

ensure that the quality attributes of stem cell products are qualified. 161 

(3) Try to use continuous, closed production process to reduce the environmental exposure link in 162 

the production process to avoid the risk of pollution. 163 

(4) Set up process control indicators and waste indicators to check or monitor the quality of 164 

intermediates, such as the transduction efficiency of exogenous genes or cell differentiation, cell 165 
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phenotype and genotype of genetically modified cells or cytokine-induced differentiated cells. 166 

(5) Conduct comprehensive production process development and validation, carry out systematic 167 

comparability studies to access the change impact on qualities, and continuously conduct quality 168 

characterization studies in conjunction with product characteristics and process development to fully 169 

characterize cell morphology, viability, genetic stability, tumorigenicity/oncogenicity, cell 170 

phenotype characteristics (including expected and unintended cell populations) and function, with 171 

particular attention to impurity levels and safety effects that affect product quality. 172 

Materials for production  173 

Materials for production include all raw materials and excipients used in the production of stem cell 174 

products. Raw materials include starting materials (production cells, helper cells, in vitro gene 175 

delivery and modification systems) and other raw materials (such as culture media and biochemical 176 

reagents such as cytokines, cell separation and combination devices and other consumables). The 177 

use of excipients should comply with the requirements of the pharmacopoeia and the Rule of Joint 178 

Review and Approval Combining Excipients and Package Materials with Drug requirements. 179 

Materials used for production are directly related to product quality and are subject to risk 180 

assessment and quality control with reference to the relevant requirements of the Chinese 181 

Pharmacopoeia (7,8). 182 

Raw materials  183 

Starting materials  184 

Cells for production  185 

Stem cell products developed in accordance with pharmaceuticals are generally derived from donors 186 

(autologous or allogeneic) and may also be derived from cell banks. The source of stem cells and 187 

related operations should comply with relevant national laws and regulations and ethical 188 

requirements, and their use should obtain informed consent and authorization from the owner. The 189 

production of stem cell products should establish a stable source of cells for production and ensure 190 

consistent quality. If human embryonic stem cells are involved, appropriate donor screening 191 

procedures and criteria should be established according to the characteristics of the product, and the 192 

safety and reasonableness of the production cell application should be comprehensively assessed. 193 

Donor screening  194 

Donor screening is an important approach for risk control of stem cell products. Proper donor 195 

screening procedures and standards are necessary to prevent risks such as viral contamination, tissue 196 

rejection, and genetic diseases. For cell bank-derived stem cell products, cell donors for production 197 
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should be donors of somatic cells/gametes. Regarding the screening of pathogenic microorganisms 198 

in donors, especially for donors used for clinical research of allogeneic stem cells, the relevant 199 

requirements for blood collection could be as a reference (9), such as screening donors for the 200 

presence of HBV, HCV, HIV, syphilis spirochetes and other infections. In actual development and 201 

application, corresponding screening items should also be included in the acceptance criteria, like 202 

the donor's health/disease history or living stay in regional epidemic areas, tissue cell-specific 203 

susceptible pathogens and other specific circumstances. For stem cell donors of autologous origin, 204 

the quality requirements, screening items and criteria for the donor may be appropriately adjusted 205 

according to the source tissue or organ, the characteristics of the stem cell preparation, and the 206 

clinical indications, etc. It should be determined whether the production procedures increase the risk 207 

of possible pathogen transmission in the donor and indicate the precautions to prevent the 208 

transmission of viruses or other exogenous factors to others than the autologous recipients. In order 209 

to ensure the reliability of the pathogen screening results, the organization screening the donor 210 

should have the relevant qualifications, and the donor screening process should use blood-borne 211 

screening kits approved by regulatory agencies to detect pathogens if possible, and the test method 212 

should be validated for suitability, with attention to the sensitivity of the test method to detect 213 

pathogenic microorganisms. The impact of the window period on pathogenic microbial screening 214 

must be considered when preparing universal stem cell products. The risk in terms of tissue rejection 215 

can be considered with reference to the requirements in blood collection, such as ABO blood type, 216 

HLA-I and II typing information of the donor. A tissue typing match between donor and recipient 217 

(patient) needs to be demonstrated, along with the method and basis for the assay (8). For patients 218 

using stem cell products, the risk of introducing genetic disorders should be adequately assessed in 219 

conjunction with advanced analytical testing techniques. 220 

Donor cells  221 

The steps of donor cell acquisition, preservation, transportation and incoming inspection should be 222 

comprehensively studied. Standard operating procedures and key quality control parameters should 223 

be clearly defined. The well-regulated homogeneity traceability system and stem cell supply quality 224 

assurance system should be developed. The necessary validation should be completed. 225 

Information on the procedures used to obtain donor cells (e.g., surgery and, if possible, the 226 

instruments used), the name and location of the collection site, and the conditions of transport (e.g., 227 

transport to a processing site for further production) should be specified. The donor cell isolation 228 

process, which may have an impact on the quality of stem cell products. The variation in isolation 229 

process should be evaluated.  In the process variation evaluation studies should use representative 230 

donor-derived cells as sample, with attention to cell identification, viability and growth activity, 231 

exogenous pathogenic microorganisms and basic stem cell characteristics testing (if applicable) 232 

during processing. Donor cell storage and transport stability should be studied, and the performance 233 

of transport containers should be verified and regularly confirmed. When the collected cells are 234 

admitted to the plant, according to the process requirements and product characteristics, 235 

corresponding tests for cell type, quantity, phenotype, viability, microorganisms, etc. should be 236 

performed, e.g.  Cell type identification can be identified and confirmed by relevant genotypic 237 

and/or phenotypic markers, and the proportion of cells with positive markers can be used as a basis 238 

for the assessment of expected cell population indicators. Appropriate quality-related criteria should 239 
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be selected and   incorporated into the collection cell quality release specification. 240 

The entire donor cell obtained procedure should be well designed, studied and validated as necessary 241 

to ensure process stability and consistent quality of donor cell. 242 

Cell seeds and cell banks  243 

The technical requirements for cell seeds are as described in the Pharmacopoeia General Rules, 244 

which should be of clear origin, legal compliance and comprehensive testing. Human embryonic 245 

stem cells and induced pluripotent stem cells should be used as cell seeds after the establishment of 246 

cell line/strain (cell line), which can refer to ICH Q5D and the "Protocol for the Preparation and 247 

Testing of Animal Cell Substrates for the Production and Testing of Biological Products" in CP for 248 

the establishment of suitable donor cells and cell seeds for production, cell banking and testing, etc. 249 

The frequency of banking for commercial production scale is based on the characteristics of the 250 

product itself and batch production, etc. The history, origin, derivation, and characteristics of each 251 

cell bank (MCB and WCB), as well as the frequency of testing performed, should be described. 252 

MCB testing generally involves microbiological characterization of the product, including in vivo 253 

and in vitro testing for sterility, mycoplasma, exogenous virulence factors, including CMV, HIV-1 254 

and 2, HTLV-1 and 2, EBV, B19, HBV, and HCV testing (if applicable), or other specific pathogens. 255 

For cell lines exposed to animal derived components (e.g., serum, serum fractions, trypsin), Testing 256 

for exogenous factors of bovine and/or porcine origin should be included. Cell identification 257 

includes assays to distinguish specific cells by physical or chemical characteristics of the cell line 258 

(i.e., phenotype, genotype, or other markers). The purity of the cell bank should include 259 

identification and quantification of any contaminating cells, growth activity (including resuscitation 260 

activity after freezing), proliferation capacity, etc. Cell activity (e.g., iPSC pluripotency) and cell 261 

differentiation relevant to the therapeutic properties of the product should also be tested. For stem 262 

cell products that have been genetically edited, the transduction efficiency of the genetic material, 263 

the integration of the gene into the cell, the regulatory elements, the phenotype and genotype of the 264 

cell, the genetic stability of the target gene, the residual amount of genetic material for transduction, 265 

and the ability of viral replication to reply to mutations should be concerned. There is other 266 

information that can be helpful in determining product safety, such as: the culture conditions used, 267 

including records of all media and reagents/components used during production, and copies of 268 

relevant test reports (COA); cryopreservation, storage and recovery of MCB, including information 269 

on cell density, number of frozen vials, storage temperature and cell bank location; genetic and 270 

phenotypic stability of MCB after multiple passages, and genetic and phenotypic stability, and cell 271 

viability after cryopreservation. If a two-tier cell banking system is employed (MCB and WCB), the 272 

following tests are recommended for WCB: in vitro exogenous virulence factor assay; bacterial and 273 

fungal sterilization; mycoplasma; and representative identification tests (e.g., Southern blot, flow 274 

cytometry). For stem cell samples being used in clinical trials, the samples should be evaluated for 275 

phenotype and genotype stability from a cell differentiation perspective upon completion of 276 

preparation. 277 

When more advanced methods and technological improvements are used in cell matrix 278 

identification and detection, a comprehensive comparative validation and assay bridging study of 279 

the old and new methods should be conducted to demonstrate that the specificity, sensitivity and 280 

precision of the new methods are at least equivalent to the existing methods. 281 
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Genetic stability  282 

Stem cells may be unstable and generate cell heterogeneity during the passaging process, therefore, 283 

both banked and non-banked stem cells need to be adequately studied for genetic stability in a 284 

standardized passaging manner. The passaging conditions should be representative of the actual 285 

clinical/commercial production process. In genetic stability study, the following elements should be 286 

concerned, like changes in endogenous factor contamination, cell stemness, pluripotency, 287 

tumorigenicity/toncogenicity, etc..A clear definition of the generations of in vitro production and 288 

clinical use should be employed. The research items of genetic stability often include the stability 289 

of growth characteristics such as cell STR identification, number, morphology, viability, population 290 

ploidy time, purity, telomerase activity, etc., as well as the genetic stability of karyotype and whole 291 

gene sequencing, alkaline phosphatase staining/mouse teratoma test, immunofluorescence method 292 

or PCR method to detect pluripotency gene expression, etc. 293 

Auxiliary cells  294 

Once auxiliary cells are used in the stem cell products production process, they should also conform 295 

to the basic principles of clear and traceable source, controllable safety risk and establishment of 296 

cell bank hierarchy management. These auxiliary cells may remain in the stem cell final product 297 

and should be treated as impurities. Their risk should be studied and controlled. For example, for 298 

the feeder layer cells derived from human or animal to support human embryonic stem cells vitro 299 

culture and induced pluripotent cells, endoderm-like cells for induced differentiation, etc., the basis 300 

and rationality of their selection should need to be clarified. According to the possible risk factors 301 

associated with the use of exogenous cells in humans, the donor of the cell source, cell isolation, 302 

culture and lineage building process should be clearly traceable. The risk of introducing exogenous 303 

pathogenic microorganisms, etc. should be analyzed, assessed and tested for control. The process 304 

that may involve cell deactivation treatment, such as irradiation or addition of drugs, as well as the 305 

amount of auxiliary cells added and residual, should be studied and verified to prove that it will not 306 

The safety and functional impact on the product. Auxiliary cells can be managed by banking and 307 

fully tested according to the pharmacopoeia cell bank testing requirements, especially for human or 308 

animal source specific viruses. The stability of different generations of auxiliary cell bank cells 309 

should be examined in conjunction with the performance of the auxiliary cells, etc. 310 

In Vitro Gene Delivery and Modification Systems  311 

The upstream production of stem cell products obtained by gene modification and reprogramming 312 

technology involves the participation of in vitro gene delivery and modification systems. The CMC 313 

requirements for gene delivery and modification systems such as material selection (including virus 314 

packaging cells), vector design, process and quality control are recommended to refer to the relevant 315 

technical guidelines. 316 

In vitro gene delivery and modification systems often employ both integrative and unintegrative 317 

vectors. Integrative vectors, such as lentiviruses and retroviruses, are widely used, but their random 318 
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integration phenomenon may lead to insertional mutations that interfere with the regulation of 319 

endogenous gene expression, and these viruses may be aberrantly reactivated in terminally 320 

differentiated cells, with a potentially higher risk of tumorigenesis. Unintegration reprogramming 321 

methods, such as adenovirus, adeno-associated virus and Sendai virus, can mediate transient 322 

expression of transcription factor genes in the host and induce multi-potential by affecting cell 323 

morphology, with a lower risk of genome integration. In addition, the risk of stem cell tumorigenesis 324 

may be higher compared to terminally differentiated immune cells. The impact of the application of 325 

in vitro gene delivery and modification systems in stem cell products on stem cell end-products and 326 

clinical safety, etc., needs to be fully evaluated. 327 

Other raw materials  328 

Raw materials for stem cell products can refer to the relevant requirements of the Chinese 329 

Pharmacopoeia (7) for raw material selection and supplier audit. Full consideration should be given 330 

to the necessity, safety and reasonableness of the use of raw materials, as well as the continuity of 331 

supply when large-scale product production. Some raw materials are in the process of continuous 332 

updating and optimization, giving priority to low risk level, such as the use of pharmaceutical grade 333 

raw materials, clear information on the source, composition, use, dosage and quality control of raw 334 

materials, with proof of raw material sources, inspection reports, packaging instructions, TSE/ BSE 335 

analysis statement and other documents. If research grade reagents (such as culture media, 336 

transcription factors, chemical small molecules, etc.) are used in the production process, information 337 

on the source, process and performance of the reagents should be clarified, and quality identification 338 

procedures should be established, which include safety testing (sterility, endotoxin, mycoplasma 339 

and exogenous factors), functional analysis, purity testing and content analysis (e.g. residual solvent 340 

testing) to prove that the reagents are free of potentially harmful substances. These reagents should 341 

meet the requirements related to sterility, mycoplasma-free, and low endotoxin when they are used 342 

to manufacture stem cell samples for clinical use. The scope of testing will depend on how the 343 

particular reagent is used in the process and will also take into account technological developments 344 

in the knowledge of new exogenous factors. For all raw materials that may affect product quality 345 

and safety (e.g., mutagenic), residues need to be evaluated and controlled at a reasonable stage of 346 

the final product or in appropriate stage of process, and the residue limits that need to be controlled 347 

need to be determined according to the clinical dose. Some high-risk raw materials may require in 348 

vivo safety assessment in animals. The use of β-lactam antibiotics should be avoided in production, 349 

and if the use of antibiotics is unavoidable in other parts of the process, information on the basis of 350 

antibiotic selection, residue control and safety assessment should be clarified. 351 

The use of human- or animal-derived materials should be as much as possible avoided in the 352 

production of stem cell products. should be screened in early R&D. If human or animal-derived 353 

materials (such as autologous serum or autologous plasma) are necessary, they should be screened 354 

in early R&D and information on the source organism, distributor/supplier, country of origin, 355 

production process and quality standards should be fully described, and reasonable internal control 356 

tests and acceptable standards should be set to strictly control the risk of contamination by 357 

exogenous factors (such as exogenous viruses and prions) and immunogenicity. Always be alert to 358 

the potential risk of introducing TSE/BSE into the final formulation due to the use of human or 359 

animal-derived materials. 360 
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Some stem cell products may form combination products with other medical devices, active 361 

implantable medical devices, matrices, microcapsules and other materials, and should meet the 362 

relevant requirements for pharmaceutical and medical device combination products, and require 363 

detailed description and justification of the components, indicating the approval status of each 364 

component and evaluating its safety and suitability for its intended use, as well as the need to 365 

conduct appropriate types of biocompatibility studies and to assess whether testing of other devices 366 

adequacy of testing of other devices and adequacy of testing of any hardware and software 367 

controlling the device components. 368 

Containers and containment systems (culture flasks, disposable lines, bioreactor bags, filters, etc.) 369 

that come into direct contact with intermediate samples during production should undergo rigorous 370 

screening, with attention to preventing microbial contamination and batch-to-batch cross-371 

contamination, carrying out assessments of the suitability and biosafety of consumables, and 372 

conducting adequate studies of the compatibility and airtightness of consumables based on risk 373 

assessment. 374 

Excipients 375 

The source, dosage and quality control of excipients used in stem cell products developed in 376 

accordance with the drug should be based on the principle of risk assessment, full research and 377 

validation by prescription screening, etc., to prove the necessity, safety and reasonableness of their 378 

use, and should comply with relevant requirements of "General Rules for the quality control of raw 379 

materials and excipients used in the manufacture of biological products" In the current version of 380 

the Chinese Pharmacopoeia, and should try to choose low-risk excipients, giving priority to 381 

pharmaceutical-grade excipients. For excipients with high risk level, the necessity of using these 382 

excipients should be evaluated in the early stage of product development, and other alternatives or 383 

alternative sources should be sought. 384 

Process  385 

The process of stem cell products is complex. The batch-to-batch differences may be different from 386 

those of general drugs. For stem cell products developed as drugs, the research of their production 387 

process should follow the general rules of drug production process as far as possible, The 388 

relationship between production process and product quality, residue removal, and establishment of 389 

a robust and reliable production process should be comprehensively studied. 390 

Process development  391 

Since the early stage of R&D, it is necessary to gradually define the production process steps and 392 

operating parameters, as well as the production process control, acceptable ranges and abandon 393 

limits, to keep the process relatively stable and reliable, and gradually determine the product target 394 

product quality profile (QTPP) and critical quality attributes (CQA). The process of stem cell 395 
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products generally includes the upstream cell culture process and the downstream formulation 396 

process. The process flow may include several process steps in cell recovery, expansion, induction 397 

of differentiation, gene delivery and modification, harvesting, canning, freezing, storage, 398 

transportation, etc. The production scale and the definition of batches and lots should be clarified.  399 

Upstream and downstream process scales should be compatible. If there are combined batches or 400 

split batches in the process, adequate studies and corresponding principles need to be conducted. 401 

Cell Culture 402 

The quality characteristics of stem cell products are mainly developed at the cell culture stage, in 403 

addition, both the cell culture system and the process parameters at each step may have an impact 404 

on the growth and differentiation characteristics, biological functions and epigenetic properties of 405 

cells from different origins, and therefore a comprehensive process study should be performed. Cell 406 

culture process risk variables factors include seed cell banks, cell separation (mechanical, 407 

enzymatic), culture vessels (cell confluence and timing of passaging/harvesting for the apposed flat 408 

layer culture process, micro-carrier selection, reactor parameters for the bioreactor culture process), 409 

culture systems, inoculation/passaging densities and growth kinetic conditions, and also include 410 

starting cells, infection complexes, induction systems and differentiation systems, and each amount 411 

of the key production materials/components added, addition conditions (time, temperature), 412 

centrifugal washing conditions and number of times in each process stage. The quality of the cell 413 

culture process is examined in terms of cell viability (viable cell rate, generation, doubling time), 414 

cell characteristics (morphology, phenotype and genotype, differentiation, biological function), 415 

purity, transduction efficiency, reprogramming efficiency, viral vector reversion mutation, 416 

pluripotency, tumorigenicity, unintended cells/impact, genetic and epigenetic monitoring, etc. The 417 

risk of cancer and genetic disease-related mutations accumulated in the genome of stem cell 418 

products can be analyzed with the aid of sequencing methods. 419 

Drug Product Process  420 

The formulation and process should be determined after thorough research based on the clinical use 421 

requirements and combined with the product's own characteristics. The target cell component is a 422 

determining component to the effectiveness of the product. The formulation study should specify 423 

the composition of the prescription, clarify the CQA such as cell density or cell concentration, clarify 424 

whether the final preparation is fresh or frozen cells, whether the preparation is in free cell form or 425 

bound to the matrix, or whether the frozen cells are recovered and then given to patients after 426 

washing and other processes, etc. If the final product is transported to the clinical research center in 427 

a frozen state, it should be described in a way that includes a description of how the product was 428 

transported and provides data showing that the product can be thawed with consistent results, and 429 

encourages the use of advanced procedural cooling equipment with online monitoring for studies 430 

with different cooling procedures. 431 

The reasonable filling process of the preparation can be selected according to the production batch 432 

and the effect of the canning operation process on cell viability. If the preparation needs to be frozen, 433 

research on the recovery process of the preparation should be carried out. If the frozen cells are 434 
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recovered and then given to patients after washing and other processes, research on the washing 435 

process should also be carried out and the safety risks of the operation process and the tolerance of 436 

the freshly recovered cells to the washing process should be evaluated. For new drug delivery 437 

devices and drug delivery methods, the accuracy of drug delivery needs to be ensured. The 438 

conditions for handling time and storage of cell preparations in the hospital prior to inject into 439 

humans should also be clearly defined. If autologous or allogeneic cell products are irradiated prior 440 

to injection to destroy replicative capacity to reduce the risk of cancer, data should be provided to 441 

demonstrate that the cells lose replicative capacity after irradiation but retain their desired properties. 442 

In clinical protocols for stem cell products to be infused, the risk of the different cell types 443 

themselves and the risk of contamination, infection and pathogen transmission during clinical use 444 

should be highly concerned. 445 

Process control  446 

The entire process of stem cell product should be monitored by reasonable and feasible process 447 

control parameters and intermediate control limits. These process control parameters and 448 

intermediates control limits include a clear definition of the culture duration of the process steps, 449 

the production cycle and the number of cell-limited generations, the time control range of each step 450 

in the production, etc. Since stem cell products generally cannot be subjected to terminal 451 

decontamination and de-viralization processes, the risk of contamination by exogenous factors is 452 

high, and microbiological safety indicators (including sterility, mycoplasma, endotoxin, etc.) should 453 

be controlled at appropriate steps in the production process. In addition, effective isolation measures 454 

are important to prevent confusion and errors in products from different donor sources or different 455 

batches. Considering the dynamic variability of cells during the production process, for quality 456 

parameters that can characterize cell morphology, viability, tumorigenicity, phenotypic features 457 

(including expected and unintended cell populations), function, genetic stability, and product 458 

stability, intermediate process control at key production stages or intermediate products is 459 

recommended to set acceptable ranges and provide a basis for correction limits. 460 

The risk of using gene transduction and modification operations is higher than those without. The 461 

strict risk control strategies should be established. The transduction mode, genetic manipulation 462 

methods and conditions, target gene transduction efficiency, and integration in chromosomes should 463 

be clarified and rationalization should be discussed. If viral vectors are used, viral replication, 464 

reverse mutations and insertion mutations should also be studied and verified. The cell phenotype, 465 

genotype, function, and properties before and after in vitro gene transduction and modification, as 466 

well as the trend of process-related impurities and non-target cell populations, should be studied, 467 

characterized and/or validated with emphasis on the robustness of the process. 468 

Process change 469 

Like other pharmaceutical products, the preparation process of stem cell products is subject to 470 

changes during the life cycle, and these changes are optimizing the process or improving the quality 471 

of the product. The impact of these changes on the safety, characteristics, purity and biological 472 

activity of stem cell products should be thoroughly studied and comparability studies should be 473 
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conducted to the impact from process changes on stem cell product qualities. For stem cell products, 474 

the comparability study should cover the comparison of raw materials, process comparison and 475 

changes in quality attributes of intermediate/final products before and after the process changes, 476 

focusing on the content of the changes, the capacities of analytical method testing that can 477 

distinguish the changes in product quality attributes, and the development stage of the product, etc. 478 

Reasonable comparability study can follow the guidance of ICH Q5E (10). The representative batches 479 

at each stage are included in the study.  The testing items should be comprehensiveness. The 480 

reasonableness of the pre-set comparative study criteria, the validity of the testing methods and the 481 

objectivity of the analysis of the testing results could be the key points to be concerned. For 482 

production processes that may exist in multiple stages during the development, such as non-483 

registered clinical sample preparation process, non-clinical sample preparation process, sample 484 

preparation process for clinical trials, and commercial production process, the differences between 485 

the processes in each stage should be specified, and comparability studies should be conducted to 486 

evaluate the processes changes impact on product quality. In some case, animal studies or human 487 

trial studies should be provided if necessary. In general, all expected changes should be completed 488 

before the pivotal clinical trials are conducted. 489 

Process verification  490 

Compared with general pharmaceuticals, the batch-to-batch variation of stem cell products may be 491 

larger and process validation is more difficult, but it is still necessary to ensure product consistency 492 

and quality controllability. At the market authorization application stage, the production of multiple 493 

consecutive batches of stem cell products at commercial production scale should be conducted, and 494 

the process and product quality of each batch should be fully characterized to confirm the robustness 495 

of each process and the consistency of product quality. The process validation process is 496 

recommended to focus on the in vitro assessment of genotypic instability, tumorigenicity and 497 

phenotypic characteristics (including expected and unintended cell populations) of the product at 498 

key production stages. The process validation should ensure the safety of the product. In addition, 499 

validation of the production process of key raw materials, storage conditions and time of 500 

intermediates, medium/buffer preparation and placement conditions, filter validation, transport 501 

validation, aseptic mock filling validation, cleaning validation and container seal integrity validation 502 

should be completed. 503 

As with general pharmaceuticals, stem cell products in early clinical trials have generally not been 504 

validated for production processes, but the quality control standards for raw and auxiliary materials 505 

used in production should be clarified prior to clinical trials, while taking appropriate process 506 

monitoring and control measures to ensure that the process meets the safety requirements of clinical 507 

trial samples. Samples used in pivotal clinical trial should be representative of the marketed product, 508 

and their processes must be validated to demonstrate that the production process can ensure 509 

consistency of production. Commercial scale process validation should focus on the challenge study 510 

of the actual simultaneous production of the maximum capacity, considering the ability of the 511 

overall operational capacity of personnel, equipment, materials, environment, testing, etc. to support 512 

the maximum capacity. Trends of data on process performance and product quality from batch to 513 

batch should be documented in detail to carry out continuous process validation throughout the life 514 

cycle. 515 
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 516 

quality research and quality control  517 

Quality research  518 

As stem cell products are diverse, variable and complex, quality studies should be conducted on 519 

representative production batches and appropriate production stage samples (including initial 520 

isolated cells or cell seeds, cell banks, intermediate products, stock solutions and finished 521 

preparations). If possible, a series of state of the art and orthogonal analytical techniques should be 522 

used, and the analytical methods should be confirmed by research to ensure that the methods are 523 

applicable and reliable. 524 

Cell characterization  525 

Cell morphology: Morphological analysis of cells is indicative of cells at different stages of growth 526 

and development, and light microscopy (which can be combined with specific staining) is a common 527 

method for observing cell morphology. 528 

Cell activity: Stem cell products are usually live cell therapy products, and the cell activity can be 529 

evaluated comprehensively by cell viability, number of live cells, population multiplication time, 530 

cell cycle, etc. 531 

Cell identification: Identification of cell populations is an important way to ensure the purity of stem 532 

cell products, generally through short tandem repeats (STR) mapping, mid-term karyotype analysis 533 

and isozyme profiling or genetic polymorphism gene analysis to evaluate cross-contamination of 534 

different cells, and also through surface markers and specific genes. The analysis can also be done 535 

by surface markers and specific genes. 536 

Cell marker assays: Cell expression of specific markers is part of cellular characterization, and 537 

characterization of stem cell products is often performed by selecting multiple surface markers for 538 

cell type, pluripotency, lineage, terminal differentiation, and/or functional assays, and relevant 539 

analytical assays should be validated by specification. Valid correlation of mRNA markers with 540 

protein marker expression can be used for cell characterization aided by mRNA-based markers if 541 

verified. 542 

Physical and chemical characterization  543 

The general physical and chemical characterization needs to be studied in the context of product 544 

type and formulation characteristics, and may include items such as appearance, color, clarity, pH, 545 

visible foreign matter, molar concentration of osmolality, loading capacity, etc. 546 

 547 



 16 / 22 
 

Cell purity analysis  548 

Stem cell products may introduce non-cellular impurities (e.g., physicochemical impurities), 549 

cellular debris, or non-functionally required cells during the manufacturing process, which may 550 

affect the purity and homogeneity of the product in terms of biological properties and may pose 551 

safety risks. These non-purpose cellular components should be removed in the process, detected in 552 

quality studies, and controlled qualitatively/quantitatively. 553 

Typical purity analysis studies may include: ratio of live cells, ratio of cell subpopulations, ratio of 554 

functional cells, ratio of non-intended cell populations, etc. For some cellular and non-cellular 555 

component formulation combination type products, which contain non-cellular components (e.g. 556 

matrix, scaffold, etc.) in addition to cells, it is necessary to focus on assessing impurities such as 557 

unintended cells and non-cellular components. 558 

 559 

Biological safety: It refers to the safety issues that are intrinsic to the cells and determined 560 

by their biological properties, and extrinsic to induce changes in their biological properties. When 561 

evaluating the biological safety of stem cells, the clinical indications, routes of administration, doses 562 

and other factors directly related to clinical treatment of the relevant cells should be considered as 563 

much as possible, and the relevant biological safety should be effectively evaluated using 564 

appropriate in vivo and in vitro test models. The biological safety of stem cells includes 565 

tumorigenicity and oncogenicity, abnormal immune response and abnormal differentiation, etc. 566 

Tumourigencity, Oncogenicity: The risk of tumourigenicity and oncogenicity of stem cell products 567 

should be considered, especially for stem cell products of high generation, or autologous origin with 568 

complex in vitro processing and modifications, and various allogeneic sources. For stem cell-569 

derived products derived from human embryonic stem cells and induced pluripotent stem cells, end-570 

product oncogenicity and tumorigenicity assays, analyzing the relationship with the removal of 571 

undifferentiated multi-potential cells and the residual levels of ESCs/ iPSCs in the end-product, 572 

should be highly concerned. 573 

Abnormal immune responses: For stem cell preparations, especially allogeneic-derived, autologous 574 

or allogeneic-derived preparations that have been cultured and specially treated in vitro, abnormal 575 

immune responses should be evaluated by in vitro and animal tests in combination with product 576 

characteristics. For example, the expression of cellular autoimmune compatible antigens HLAs 577 

molecules (ES and iPSC differentiated to re-express donor HLA), immune co-stimulatory molecules, 578 

pro-inflammatory factors (IFN, TNF), etc., and the detection of mesenchymal 579 

proliferation/activation of allogeneic immune cells (e.g. total lymphocyte proliferation). 580 

Unintended differentiation: This includes non-target cell differentiation or non-target site 581 

differentiation. It is recommended to develop specific assay technologies (e.g. Biocore assay 582 

markers) to study, evaluate and monitor the possibility and impact of unintended differentiation of 583 

stem cell products, which can be specifically analyzed in conjunction with the purity of target cell 584 

differentiation. 585 

Microbiological safety: It refers to that stem cell products should meet the 586 

requirements of no microbial contamination such as bacteria, fungi, mycoplasma and viruses, and 587 

no contamination of microbial metabolites (represented by endotoxin produced by Gram-negative 588 
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bacteria). Monitoring contamination by endogenous and exogenous factors can be achieved by 589 

direct detection of relevant pathogens (e.g. nucleic acids, proteins, polysaccharides) or microbial 590 

metabolites, or indirect analysis of the presence and effects of relevant microorganisms by in vitro 591 

cell models, sensitive animal inoculation and chicken embryo inoculation. 592 

Aseptic testing - bacteria, fungi: Use of the current version of the compendial method for aseptic 593 

testing is encouraged. Based on the process stage, management needs, clinical application needs, 594 

etc. Different detection methods can be employed at the cell samples in different process stages at 595 

different time., such as the use of fully automated bacterial / Mycobacterium detection system or 596 

Gram stain microscopy, or rapid detection methods based on nucleic acids or specific metabolites. 597 

The selection of rapid detection methods should be assessed for suitability and progressively 598 

complete a comprehensive methodological validation and comparison with compendial methods to 599 

demonstrate comparable detection capabilities. 600 

Mycoplasma testing: A combination of culture and indicator cell infection methods (or DNA 601 

staining) in the current pharmacopoeia is encouraged for confirmatory mycoplasma testing. 602 

Mycoplasma nucleic acid amplification methods can also be applied as rapid detection methods 603 

when needed, or a combination of confirmatory and rapid methods for mycoplasma detection for 604 

different process stages of detection needs. Common human-derived mycoplasmas are usually 605 

introduced by laboratory personnel, such as oral mycoplasma, human mycoplasma, and salivary 606 

mycoplasma; animal-derived mycoplasmas are usually introduced via bovine serum, such as 607 

Mycoplasma fermentum, Mycoplasma argentum, and Mycoplasma leprae; and mycoplasma porcine 608 

nasalis may be introduced when trypsin is used during cell isolation and digestion. Possible sources 609 

of contamination should be taken into account during method selection and validation. 610 

Virus-specific and non-specific virus testing: Virus contamination refers to genus-specific viruses 611 

(e.g., human- and animal-derived viruses), endogenous and exogenous retroviruses, and all non-612 

specific viral factors that originate from raw materials such as starting cells or are introduced during 613 

the manufacturing process. The risk of viral contamination of products should be evaluated at the 614 

appropriate stage according to the product characteristics, using in vivo and in vitro methods, in 615 

conjunction with the entire production process. Specific viruses of human origin may include HIV, 616 

HBV, HCV, HTLV, TB, B19, etc. The relevant tests are based on pathogenic nucleic acid/antibody 617 

tests, using approved in vitro diagnostic kits for testing if possible, and the relevant testing methods 618 

should be validated. If bovine serum is used, specific viruses of bovine origin shall be tested, which 619 

may include bovine parainfluenza virus, bovine adenovirus, bovine microvirus, bovine diarrhea 620 

virus and arc enterovirus, etc. If pig-derived materials such as pancreatic enzymes are used, porcine 621 

microvirus, porcine circovirus and porcine circovirus may be tested. if use animal-derived feeder 622 

layer cells (Feeder layer) have been used in embryonic stem cells and iPS cells preparation process, 623 

cell origin-related tests shall be performed. If embryonic stem cells and iPS cells are prepared using 624 

an animal-derived feeder layer, comprehensive testing for specific animal-derived viruses 625 

associated with the cell source is required. For the detection of retroviruses and non-specific viral 626 

factors, reference can be made to the "Chinese Pharmacopoeia" Part 3 "animal cell matrix 627 

preparation and quality control for the production and testing of biological products" related 628 

requirements. 629 

Replication competent virus (RCV): For stem cell products obtained by in vitro transduction using 630 

replication-deficient virus, there is a possibility of reverse mutation of the viral vector, which is one 631 

of the major risks affecting product safety and should be fully concerned during product design and 632 
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quality studies. In general, in addition to the standard RCV assay completed in the virus process 633 

(supernatant, end cells in virus production) using the validated indicator cell culture method, a 634 

validated rapid method should be used for RCV detection to the final stem cell product at the release 635 

inspection. Samples should also be retained and the final product retrieval assay analysis could 636 

employ the indicator cell culture method if necessary, and RCV should be continuously monitored 637 

in later studies. 638 

Bacterial endotoxin detection: The gel method and photometric method in the current version of the 639 

pharmacopoeia are recommended, and a better method can be used if validated, such as the modified 640 

gel method (also known as recombinant C-factor method). 641 

Biological activity analysis  642 

Stem cells are living cellular drugs and their biological effects are multi-target and multi-pathway. 643 

The biological effectiveness of various types of stem cells can be basically categorized as induced 644 

differentiation ability, immunomodulatory ability and tissue regeneration ability. Stem cell 645 

biological potency assays include: secretion of relevant bioactive substances (e.g. recombinant 646 

proteins, glycol-proteins or lipoproteins, growth factors, enzymes and cytokines), formation of cells 647 

and extracellular matrix/structures, cellular interactions (e.g. immune activation or inhibition), and 648 

migration differentiation or self-renewal potential of cells. 649 

The biological effects and mechanisms of action of the product relevant to clinical treatment should 650 

be defined.  The quantitative/semi-quantitative biological activity assays that are representative of 651 

the mechanism of action of the product (11) should be developed. If possible,  multiple 652 

complementary analytical assays for the study should be adopted and complete methodological 653 

validation should be conducted whenever possible。For example, in cases where mixed cell 654 

populations with functional and phenotypic plasticity may be required, potency tests should 655 

complement the phenotypic profiles of different cell populations data on the phenotypic profile of 656 

different cell populations. In some special cases, surrogate assay of biological activity can be 657 

developed, such as abiotic analytical assays performed outside the alive system, which could 658 

provide extensive product characterization data by assessing the immunochemical, biochemical, 659 

and/or molecular properties of the product. The analytical assay used should perform alternative 660 

method and potency correlation studies and should also demonstrate that the assay can distinguish 661 

between active cells and inactive material or dead cells, among other forms of products, with 662 

adequate control studies and methodological validation. Some stem cells and their derived products 663 

have complex and/or incompletely defined mechanisms of action or multiple biological activities, 664 

and the characterization of cell biological functions shall be evaluated in combination with in vitro 665 

biological effects and in vivo animal models. 666 

Quality standards  667 

The development of quality standards for human-derived stem cell products should be determined 668 

based on product characteristics, production processes, quality studies and risk assessment, and 669 

generally include quality standards for stock solutions (if any), quality standards for semi-finished 670 

products (if any) and quality standards for preparations. With the concern with the limited batch size 671 
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and short validity period of some stem cell products, on the basis of adequate research, release 672 

testing can be simplified by improving process control and testing of intermediates (simplified 673 

release inspection must include at least identification and biological potency testing), while new 674 

release testing methods are used to supplement traditional testing methods, but the testing methods 675 

should be fully validated. 676 

The quality standard testing program for stem cell products should be based on product quality 677 

studies and a thorough understanding of the production process and manufacturing process, while 678 

taking into account the characteristics of the product and the current scientific knowledge and 679 

common understanding. In addition to general tests for appearance, loading, pH, sterility, endotoxin, 680 

and mycoplasma, release tests should include cell number/dose (cell count, functional cell count, 681 

etc.), cell viability, identification, purity, biological potency (quantitative/semi-quantitative 682 

functional assays, molecular markers, etc.), product and process-related impurities, and abnormal 683 

immune responses. In the case of genetic modification, the percentage of genetically modified cells 684 

per batch of final product, and the number of vector/plasmid copies per cell should be tested. If 685 

exogenous genetic material is removed from the final product, this can be demonstrated by relevant 686 

sensitive assays at the time of release. For cells transduced with replication-deficient viruses, the 687 

absence of replication vectors (RCV) should be demonstrated. Product-related and process-related 688 

impurities can be analyzed and controlled in combination with stable and reasonable process 689 

clearance verification. For process-related impurities that have certain residues in the end product 690 

and may affect the quality, safety and efficacy of stem cell products (such as BSA, digestive enzymes, 691 

magnetic beads, microcarriers and other related impurities (such as harmful cell residues), the 692 

applicable method should be selected for quality release control. In principle,  final product release 693 

testing should be based on the biological products sterility and mycoplasma inspection method in 694 

the current version of the pharmacopoeia, if necessary, the use of rapid methods for release should 695 

be confirmed methodologically, before fully verify the new method can completely replace the 696 

traditional method of the pharmacopoeia, it is recommended that the use of new detection methods 697 

for release testing at the same time, as well as leaving samples using the traditional method of the 698 

pharmacopoeia for parallel testing, while a backup protocol should be available when the postpone 699 

tests possibly give out unintended results that may impact the certainty of the qualities of the 700 

products . For stem cell products that are transported to the hospital and need to be re-operated 701 

before administration (e.g., container conversion, physical state transformation, association with 702 

other structural materials, filtration and cleaning, etc.), it is recommended that quality criteria such 703 

as cell morphology, color, number and ratio of viable cells, exogenous foreign matter other than 704 

cells, etc., as well as review of operational steps and label verification be set again. Acceptable 705 

specification need to be based on data from batches of samples at the time of preclinical and/or 706 

clinical studies, data used to demonstrate manufacturing consistency batches, stability study data, 707 

and R&D-related data, etc.  708 

Reference products established after quality characterization should be representative and traceable, 709 

and should be calibrated using validated analytical assays (content calibration and activity 710 

calibration), and stability studies should be conducted on reference products used in all phases of 711 

product development to determine the retest period and expiration date. 712 

The development and validation of analytical assays should follow the general methodological rules 713 

of drug development, including release testing methods and process control testing methods. 714 

Analytical methods should be gradually improved and validated as the research progresses to meet 715 
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the quality control requirements at all stages. New methods based on their own products should be 716 

fully validated. The applicability of methods using the pharmacopoeia should be confirmed, and if 717 

the pharmacopoeia methods are revised or replaced, comparative studies should be conducted to 718 

confirm their reasonableness. For example, some new rapid and highly sensitive testing methods 719 

for trace amount sample of products with short expiration dates and small sample sizes should be 720 

compared with the old methods and evaluated. Both the old and new methods should be used in the 721 

product release for mutual verification. 722 

Stability study  723 

The stability study can be carried out with reference to the general requirements of the Chinese 724 

Pharmacopoeia Guidelines for Stability Testing of Biological Products (12) and ICH Q5C (13). 725 

The purpose of stability studies is to support the storage, transportation and use of stem cell products. 726 

Stability studies generally include impact factor tests (temperature, light, mechanical force, etc.), 727 

acceleration tests, long-term tests, transportation tests and stability tests in clinical use. The test 728 

conditions should fully consider the difference between fresh and frozen cells, the special 729 

requirements of stem cell product preservation, packaging, transportation, clinical compounding 730 

and actual drug administration, and the influence of the cumulative preservation time of each link 731 

of sample storage on the stability of the final product. 732 

Test samples: include representative stock solutions (if any) in general, finished products and 733 

intermediate cell products that require temporary or staged freezing. 734 

Test items: normally include biological potency, cell purity, cell characteristics, number of live cells, 735 

cell viability, number of functional cells, microbial safety indicators and excipient content, etc. The 736 

test time should be able to support the formulation of the expiration date, taking into account the 737 

complexity and variability of stem cell products, generally do not support the extrapolation of the 738 

expiration date. 739 

The stability data at the clinical trial application point should support the clinical trial. 740 

The stability data of the proposed representative batches should be provided to support the 741 

determination of storage conditions, conditions of use and expiration date, and the sensitivity 742 

conditions, inactivation pathway and inactivation rate of the product should be clarified. 743 

Packaging and closed container system  744 

The object of the suitability assessment of packaging and containment container system refers to 745 

the packaging container and containment system that are in direct contact with the product. Should 746 

be combined with the route of product administration (intravenous administration, local 747 

administration, ophthalmic preparations), the nature of the preparation (fresh cells, frozen 748 

preparations), etc. to select the appropriate inner packaging materials (celine bottles, soft bags, etc.). 749 

Refer to the relevant guidelines (14), compatibility studies of samples (collected tissues or cells, cells 750 

in the preparation process) and finished products in the process of stem cell products and direct 751 

contact packaging materials should be carried out, with using small size packaging containers of the 752 
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same material, but should cover the density and volume range of the products to be packaged. 753 

Extractable/leachables studies should be carried out and safety assessments should be conducted. 754 

Toxicological assessment of extracts should be based on good scientific principles and consider 755 

specific container sealing systems, drug prescriptions, dosage forms, routes of administration and 756 

dosing regimens (chronic or short-term dosing), etc. 757 

Terminology  758 

Adult stem cells: mesenchymal stem cells (MSC), hematopoietic stem cells and various types of 759 

precursor cells (progenitor cells) with multidirectional differentiation potential in developed 760 

embryonic or adult tissues and accessory tissues (e.g. umbilical cord, placenta) accompanying birth, 761 

such as neural stem cell (NSC), etc. 762 

Human embryonic stem cells: Stem cells with the potential to differentiate to the triterminal layer, 763 

isolated and established from the cell mass within the blastocyst (blastocyst) at the early stage of in 764 

vitro development, can self-renew indefinitely in vitro and have pluripotency. 765 

Induced pluripotent stem cells (iPSC): are stem cells with multi-directional differentiation potential 766 

obtained by reprogramming differentiated adult cells using viral or non-viral vector technology, with 767 

pluripotency similar to that of human embryonic stem cells. 768 

Teratoma: A multilayered benign tumor that arises when pluripotent stem cells are injected into 769 

immunocompromised mice. The scientific community has tested whether a human embryonic stem 770 

cell line (hESC) has been established by injecting stem cells into mice to verify that the resulting 771 

teratoma contains three germ layers of cells. 772 

Feeder layer: Cells that do not have the ability to proliferate on their own, but are used to support 773 

the growth and expansion of other cells through cell-cell interactions or secretion of certain nutrients. 774 

Batch: refers to a certain number of products prepared from the same source and the same process 775 

in the same production cycle, within the specified limits, the batch has quantitative and qualitative 776 

homogeneity. 777 

 778 

 779 

 780 
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