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neo-organ development, raw material testing, 

810–812
preclinical safety evaluation, 764–765

Sterilization methods, combination biologic/device 
products, 788

Strategic planning, biologic/drug preclinical 
development programs, 156–157

Streptavidin, biotin binding affi nity, monoclonal 
antibody tissue cross-reactivity assay, 
219–221

Structure activity relationships (SAR), 
carcinogenicity studies, 402–404

Study-specifi c procedures (SSPs), good laboratory 
practice requirements, preclinical 
development programs, 845

Subchronic toxicity studies
design and cost estimates

nonrodents, 853, 862–863, 865–866
rodents, 853, 860–861, 863–864

oligonucleotide therapeutics, 556–565
Supplementary evaluation test protocols, neo-

organ products, 817
Surface activation markers, safety pharmacology 

applications, 321–322
Surrogate molecules

oligonucleotide therapeutics, 547–548
preclinical safety evaluation, analogous 

products, 56–57
toxicity testing, humans and chimpanzees, 348

Synagis®, respiratory syncytial virus inhibition, 
214–215

Synthetic materials, neo-organ products, scaffold 
materials, 814–815

Synthetic peptides
preclinical assessment, 512
viral vaccine development, 703

Target antigens, immunotoxin development, 
650–651

Target product profi le (TPP), drugs and biologics 
preclinical development programs, 132

T cell dependent antibody response
immunomodulatory biopharmaceuticals, in vivo 

testing, 615–621
immunotoxicity testing, 350–353
integrated preclinical-clinical immunotoxicity 

assessments, 326–328
oligonucleotides, 567
predictive failure, animal toxicology studies, 

330–331
reproductive/developmental toxicity testing, 

nonhuman primates, pre/postnatal 
development, 392–393

T cell subsets, in vivo pharmacodynamics, relevant 
species criteria, 186–187

Tegenero 1412
animal toxicity studies, 326–331
fi rst-in-human (FIH) trials, preclinical transition 

to, 975
immunotoxicity testing of, 353
integrated preclinical-clinical immunotoxicity 

assessments and history of, 327–328
Teriparatide, carcinogenicity studies, 450–451
Testing protocols

combination biologic/device products, 789–792
good laboratory practice requirements, 

preclinical site selection criteria, 839–845
neo-organ development, 806–808

endpoint selection, 818–819
experimental design criteria, 819–820
model system selection, 815–818

quality controls, 916–918
Therapeutic index estimation, preclinical safety 

evaluation, animal models, 51–55
Therapeutic target identifi cation, drugs and 

biologics preclinical development 
programs, 128–129

Therapeutic targeting, oncology drugs, 578–580
Three-segment evaluation techniques, 

reproductive/developmental toxicity 
testing, 373, 375, 381

Thyrogen®, toxicity testing, 958
Thyroglobulin, toxicity testing, 958
Thyroid

autoimmunity, 488–489
immunoglobulin G clearance mechanisms, 261

Time constraints, good laboratory practice 
requirements, preclinical development 
programs, 811, 815, 820

Tissue catabolism, immunoglobulin G clearance 
mechanisms, 252

Tissue cross-reactivity assay. See also Cross-
reactivity studies

design and cost estimates, 854, 899–900
human tissue used in, 899–900
monoclonal antibodies

animal tissue, 216, 232–233
antibody-dependent cell-mediated cytotoxicity, 

248, 251
assay control, 218
background staining, 226
CDR-mediated specifi c staining, 224
clinical plasma levels, 220, 222, 242
clinical signifi cance, 121, 178
concentration selection, 223
context for, 230–231
epitope stability, 223
human tissue, 216, 233–237
human vs. animal tissue, 216–217
immune complex disease, 236–237
isotope control antibody, 218
microarray properties, 217
non-CDR-mediated specifi c staining, 221, 224
positive and negative controls, 218–219
preparation methods, 217–218
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scoring, 206, 226
staining control, 218
staining methods, 219–220
staining pattern characteristics, 227, 232, 235
test article affi nity, 222
test article forms, 220–222
tissue and staining adequacy, 225–226
valence, 234, 236

protein scaffold therapeutics assessment, 
640–641

toxicity testing of biopharmaceuticals, 963
Tissue-engineered products, preclinical 

development programs
cellular components, 808–812
clinical indications, 800–801
clinical testing protocols, 820–824
endpoint selection, 818–819
experimental design, 819–820
future research issues, 824
historical background, 716–717
model system selection, 815–818
neo-organ development, 804–820
preclinical testing, neo-organs, 821, 824
prototype defi nition and testing, 820–821
raw material testing, 808–815
regulatory issues, 801–804
scaffold materials, 812–815

Tissue plasminogen activator (tPA)
pharmacodynamics, relevant species criteria, 

278–279
pharmacokinetics assays, relevant species 

criteria, 286
Tissue preservation, preclinical safety evaluations, 

902–903
Tissue properties

cell-based therapies exposure assessment, 
767–768

cross-reactivity testing, human tissue properties, 
900–901

monoclonal antibodies, cross-reactivity studies, 
224, 226

Tissue receptors, relevant species criteria, presence 
and distribution, 184, 193

TnkaseTM, toxicity testing, 959
Top dose calculations, fi rst-in-human (FIH) trials, 

982
Torsadogenic potential testing

background and history, 311, 316
clinical evaluation, biopharmaceuticals, 311, 317, 

318
preclinical evaluation, 311, 318

Toxicity studies. See also Acute toxicity studies; 
Chronic toxicity studies; Genotoxicity 
studies; Immunotoxicity studies; 
Subchronic toxicity studies

animal models, 300
number and gender criteria, study design, 

910–911
biopharmaceuticals

carcinogenicity testing, 965

future research issues, 353–354, 966
genotoxicity, 909
immunotoxicity testing, 349–352, 354, 966
relevant species criteria

human/primate molecular pharmacological 
activity, 348–349

nonrodent molecular pharmacological 
activity, 345, 347–349

rodents/nonrodents, 344–345
repeat-dose toxicity testing, 964–965
reproductive/developmental toxicity, 965
single-dose toxicity testing, 963
specifi c compound survey, 932–963
tissue cross-reactivity testing, 963

cell-based therapies, 767, 771, 773–774
chronic toxicity studies, EU guidelines for, 88
combination biologic/device products, 792–798
enzyme replacement therapies, Cerezyme®, 

527–528
Fabrazyme® development, 528
gene therapy products, 732–734

animal models, 733, 735
ex vivo transduced cells, 734
study design, 734–737
in vivo administration, 734, 736

genotoxicity, biopharmaceutical testing, 337–340
good laboratory practice requirements for, 

OECD vs. FDA comparisons, 838–839
high-risk compounds, EU regulatory guidance 

concerning, 83–85
immunotoxin development, 649–650
Japanese points-to-consider documents

pharmacological action and, 103, 105
repeat-dose toxicity studies, 104, 111
reproductive/developmental toxicity studies, 105
single-dose toxicity studies, 104

monoclonal antibody tissue cross-reactivity 
assay, 232–233

Myozyme® therapy, 522, 531
neo-organ product testing, endpoint selection, 

818–819
oligonucleotides, 545–568

acute toxicity, 554–556
carcinogenicity, 568
genotoxicity, 548–551
hybridization-dependent toxicity, 545–546
hybridization-independent toxicity, 546–547
immunotoxicity, 561, 566–567
reproductive/endocrine toxicity, 537, 565
safety pharmacology, 551–554
subchronic/chronic toxicity, 556–565
surrogate drugs, 547–548

oncology drugs, preclinical safety evaluation, 
582, 584–585

peptides and peptide hormones
carcinogenicity testing, 509–512
chronic toxicity testing, 508–509
future research issues, 512–513
genetic toxicology, 506–507
recombinant vs. synthetics peptides, 512
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Toxicity studies (cont’d)
safety pharmacology, 507–508
species selection, 502, 506

preclinical safety evaluation
AME test system, 57–60
analogous products, 56–57
animal models, 52–54

species selection criteria, 54–55
biopharmaceuticals survey, 931–963
comparative product attributes, 50–51
cross-reactivity studies, 55–56
design criteria for, 928–931
history of, 33, 45
ICH S6 approach, 47–49

future applications, 60–62
implementation, 49, 51

principles vs. practices, 49
predictive safety biomarkers, 

biopharmaceuticals, 320–325
protein scaffold therapeutics assessment

biomarkers and indicators, 646–647
duration and types of studies, 641–643

reproductive/developmental toxicity studies, 
biopharmaceuticals

future research and technology developments, 
371–375

historical background, 357–359
limited species cross-reactivity, 361
monoclonal antibodies, 362–370
nontraditional compounds, 370–371
small- vs. large-molecular weight drugs, 359–361

somatic stem cells, 749, 759
U.S. points-to-consider documents, 118–120
viral vaccine development and, 696–697

Toxicokinetic analysis
design and cost estimates

blood collection cost per time interval, 904
preclinical safety assessment design, 925–926
in rabbits, 854, 882–884
in rats, 854, 881–882

immunotoxins, 658–659
Toxin-conjugated antibodies, reproductive/

developmental toxicity testing, 371
Toxin structure and properties, immunotoxin 

development, 650
Transcript profi ling, relevant species criteria, 184, 

196–197
Transendothelial-associated immunoglobulin G 

biodistribution, intravascular-interstitial 
fl uid compartment egress, 244–245

Transgenic animals. See also Knock-in animal 
models; Knockout animal models

animal disease models, 297
animals, manufacturing criteria, 28–29
antibody evolution, 212–214
biologics, preclinical development programs, 

150–153
carcinogenicity studies, 421

design and cost estimates, 853, 871–872
gene therapy toxicity studies, 737

Japanese points-to-consider documents on, 
107–109

preclinical safety evaluation, 53–57
recombinant proteins, 32–33
reproductive/developmental toxicity testing, 

monoclonal antibodies, 362–370
safety pharmacology applications, 314–316
toxicity testing, 348–349

Translational studies
humanized animal disease models, 296–299
neo-organ product testing, 822

Transplantation techniques
neo-organ development, clinical indications, 

800–801
stem cells

preclinical safety evaluation, 764–765
somatic stem cells, 777

Trastuzumab
pharmacodynamics, relevant species criteria, 

279
reproductive/developmental toxicity testing, 

370
toxicity studies, 945

Treatment duration, immunogenicity risk, antibody 
response, 480–482

Troponin-T, as predictive biomarker, safety 
pharmacology studies, 324–325

Tumor host-resistance models
carcinogenicity studies, 423–424
immunomodulatory biopharmaceuticals, 

608–610
Tumorigenicity

carcinogenicity studies, 404–405
cell-base therapies, 771–772
somatic stem cells, 777

Tumor-infi ltrating lymphocytes (TIL)
cell-based therapies, 757–758
gene therapy products, 716–718

Tumor necrosis factor-alpha (TNFα)
animal disease models, 301–302
autoimmunity, 487

Tumor progressors, immunomodulators, 608–612
Tumor promotion, immunomodulators

atypical promoters, 607–609
risk assessment, 606–609

Umbilical cord tissue and blood (UCB), neo-organ 
development, cell sources, 810–812

United Kingdom
cell-based therapies guidelines, 756–757
high-risk compound evaluations in, 83–85

United States
biopharmaceuticals

approval requirements, 9
defi nitions, 4–5
marketing and postapproval requirements, 9–10
regulations, 5–7
research and development requirements, 8

cell-base therapies, pre-preIND fi ling criteria, 
773–774
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good laboratory practice requirements, 835–836
ICH S6 implementation

administration/dose selection, 116–117
animal species selection, 115–116
carcinogenicity studies, 120
exposure limits, 118
General Principles, 115
genotoxicity studies, 119–120
historical perspective, 113–115
immunogenicity, 117
immunotoxicity, 119
local tolerance, 120
regulatory issues, 111–113
repeat-dose studies, 118–119
reproductive/developmental studies, 119
safety pharmacology/single-dose studies, 118

U.S. Orphan Drug Act, lysosomal storage disease 
therapies, 520–521

Uterine tissue, immunoglobulin G clearance, 258

Vaccines. See Viral vaccines
Valence properties, monoclonal antibodies, 234–235
Vascular endothelial growth factor (VEGF)

animal disease models, 301–302
oligonucleotide toxicity, 566
reproductive/developmental toxicity testing

monoclonal antibodies, 367–370
pegaptanib inhibition, 372–375

Vascular leak syndrome (VLS), immunotoxin 
development, 652

VB4-845 immunotoxin
mechanism of action, 653
preclinical safety assessment, 652–653
toxicity studies, 656–661

VectibixTM, toxicity testing, 960
Vector sequencing

gene therapy products, 720–727
adeno-associated viral vectors, 723–724
adenoviral vectors, 722–723
biodistribution evaluation, 740–742
nonviral vectors, 720–722
replication-competent oncolytic vectors, 727
replication-defi cient viral vectors, 722–726
retroviral and lentiviral vectors, 724–726
in vivo administration, 736–737

viral vaccine evaluation, 689–691
Vehicle selection criteria, preclinical safety 

assessments, quality evaluation, 918–919

Viral contamination, viral vaccine development 
and, 696

Viral status, nonhuman primates, toxicity studies, 
pharmacological activity, 346–347

Viral transcription, cell-based therapies exposure 
assessment, 769

Viral vaccines, preclinical safety evaluation
adjuvants and immunomodulators, 691–695
background, 684–685
biodistribution/integration assays, 701–702
carcinogenicity/genotoxicity testing, 699
contamination testing, 696
design and cost estimates, 855, 875
DNA plasmids, 704–705
DNA vaccines, 686–689
HIV case studies, 702–706
immunogenicity/toxicity studies, 696–697
mixed modality paradigms, 691, 705–706
quality control testing, 695–696
recombinant protein vaccines, 685–686
regulatory guidelines, 695–702
repeat-dose study, 699–700
reproductive toxicology, 701
safety pharmacology, 700
single-dose study, 699
species selection, 697–698
study design, 698–702
synthetic peptides, 703
virulence and potency testing, 702
virus-based vectors, 689–691
virus-like particles, 686

Viral vectors, gene therapy products, 726–727
Virulence testing, viral vaccine development, 

702
Virus-like particles (VLPs), viral vaccine 

development, 686

Waiver of carcinogenicity testing, 463–464, 466, 
468

Weight calculations, fi rst-in-human (FIH) trials, 
human equivalent dose calculations, 979

Whole organ replacement, neo-organ product 
development, 823–824

Wound care, tissue-engineered product 
development, 804–806

Xenogeneic cells, cell-based therapies, 762
XigrisTM, toxicity testing, 960
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