
ACT Annual Meeting Session Overview

Integration of Consortia Recommendations
for Justification of Animal Use Within
Current and Future Drug
Development Paradigms

Helen Prior1 , Thomas Monticello2, Virginie Boulifard3,
Frank R. Brennan4, and Ian Kimber5

Abstract
The pharmaceutical and biotechnology industries continually review the requirements for, and relevance of, safety assessment
strategies. Various industry consortia are currently discussing and reviewing data on a range of topics with respect to regulatory
toxicology programs. These consortia are charged with critical evaluation of data and the identification of opportunities to
promote best practice and to introduce improved approaches to safety assessment. Such improvements may include enhanced
predictivity, more efficient ways of working, and opportunities for promoting and implementing the 3Rs (replacement, refinement,
or reduction). As each consortium is considering a distinct question, individual outputs and recommendations could be perceived
to be conflicting. However, a common theme embraced by the consortia represented here is exploration of the most appropriate
use of animals for the safety assessment of new medicinal products. This short review summarizes presentations and discussions
from a symposium describing the work of four industry consortia and considers whether their recommendations can be aligned
into realistic approaches to improve future toxicology testing strategies, highlighting justification for the appropriate use of
different animal species and opportunities for reductions in animal use without compromising patient safety.
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Introduction

It is important that the requirements for the safety assessment

of new medicines are regularly reviewed and, if necessary

revised, to ensure that they reflect advances in technology and

a growing appreciation of mechanistic toxicology, but also to

ensure that opportunities to replace, refine, and reduce the use

of laboratory animals are realized. Such reviews are arguably

conducted most effectively when pharmaceutical companies

work in concert, and there is a long history of companies work-

ing together to share and critically review the available data

and to recommend realistic changes in practices and regula-

tions.1-4 Some of these consortia have also highlighted oppor-

tunities for the more appropriate use of animals for the safety

assessment of novel drugs and biopharmaceuticals.5-8 The

work of these consortia is not a trivial undertaking. A substan-

tial investment of time and resources is required for data col-

lation and analysis, and in the formulation of

recommendations. However, the benefits that can derive from

monitoring and, when appropriate, revising, the practice of

safety assessment and regulatory requirements justify that

investment. The sharing of experience and challenging current

practices in an open environment provides a larger evidence

base to draw upon, more relevant study designs derived from

approaches developed by individual companies, improved con-

fidence, a shared and reduced risk, and improved interactions

with regulators. More tangible business advantages may

include reduced costs through improved efficiencies or stream-

lined processes, a requirement for fewer animals/studies, and

reduced time to reach decision-making milestones.

A symposium was held in November 2018 as part of the

39th Annual Meeting of the American College of Toxicology.

This symposium was designed to bring together scientists and

regulators contributing to four active industry consortia:
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IQ-DruSafe, European Federation of Pharmaceutical Industries

and Associations (EFPIA), Biosafe, and the UK National Cen-

tre for the Replacement, Refinement and Reduction of Animals

in Research (NC3Rs). The speakers and audience explored

outcomes of large data sharing projects and a variety of case

studies, to consider whether separate consortia recommenda-

tions could be aligned into complementary and practical

approaches for future toxicology testing strategies. One aspect,

justification for the appropriate use of different species of ani-

mals in nonclinical toxicology studies, provided an important

theme for the symposium. The individual presentations and

resulting discussions are summarized briefly below.

The IQ Consortium Nonclinical to Clinical
Translational Database and Predictive Value
(Thomas Monticello)

DruSafe, the Preclinical Safety Leadership Group in the

International Consortium for Innovation and Quality in Phar-

maceutical Development (IQ), has created and analyzed an

industry-wide database to determine how safety assessment

in animals translates into clinical risk. Mangipudy and col-

leagues published a commentary addressing the debate on the

utility of animal toxicology studies to evaluate human safety

and, following a literature review, concluded that animal test-

ing provides value for ensuring patient safety.9 The same con-

clusion was reached by the DruSafe analysis of their

translational database.10

The database contained animal toxicology and safety phar-

macology data coupled with clinical observations from com-

pleted phase I human studies for 182 molecules. Concordance

statistics were performed by organ system and test species.

Sensitivity (the proportion of positive clinical findings that had

positive nonclinical findings) was 48% with a 43% positive

predictive value (PPV; the proportion of positive nonclinical

findings that had positive clinical findings). When the same

target organ was identified in both the rodent and nonrodent,

the PPV increased. Specificity (the proportion of negative clin-

ical findings that had negative nonclinical findings) was 84%
with a negative predictive value (NPV; the proportion of neg-

ative nonclinical findings that had negative clinical findings) of

86%. If no target organ toxicity was observed in either test

species, the NPV increased.

The safety pharmacology data (central nervous system

[CNS], cardiovascular [CV], and respiratory end points)

obtained from the animal studies and phase I clinical trials were

categorized by organ system and concordance statistics deter-

mined.11 The PPV for CNS, CV, and respiratory end points

were 42%, 41%, and 0%, respectively (with the respiratory

PPV attributed to a lack of a respiratory clinical observations).

The NPV for CNS, CV, and respiratory findings was 99%, 97%
and 100%, respectively. These results support the current reg-

ulatory guideline to include CNS and CV assessments in phase

I nonclinical packages. However, it was also concluded that a

stand-alone safety pharmacology respiratory study may not be

needed, due to the lack of impact and low predictive value (a

3Rs opportunity to reduce the animals required).

Aligned with other published reports,12 the clinical adverse

event (AE) prevalence in the database was low, which was

attributable to earlier attrition of less optimal candidates based

on in silico, in vitro, and animal toxicology data. For any diag-

nostic test, changes in prevalence are directly correlated with

changes in PPV and inversely to changes in NPV, so when

prevalence is low, the PPV will also be low,10 even if both

sensitivity and specificity are high.13 It is important to be cog-

nizant of the prevalence of the outcome to be determined. The

low prevalence identified in this database for clinical outcomes

emphasizes the importance of the NPV of nonclinical testing to

ensure patient safety.10

Another observation from the database related to the impact

of false positives. Animal study designs are biased toward these

type 1 errors (false positives) since high doses in animal studies

aim to achieve a maximum tolerate dose, an exposure satura-

tion, a maximal feasible dose, or a mean exposure margin of 50

times the clinical exposure (ICHM3(R2)14). It was also noted

that animal models do not predict more subjective constitu-

tional signs such as headache, fatigue, or anxiety. Animal mod-

els would not be expected to predict such clinical signs,10,15 but

this still leads to false-negative results. Finally, it was con-

cluded from the database results that the value of testing in

two species goes beyond just expanding the breadth of target

organ identification.

In summary, while nonclinical studies can demonstrate

value in the PPV for certain species and organ categories, the

NPV was the stronger predictive performance measure across

test species and target organs indicating that an absence of

toxicity in animal studies strongly predicts a similar outcome

in the clinic.10 These results support the current regulatory

paradigm of animal testing in ensuring safe entry to clinical

trials and provide context for emerging alternative models.

The Dog as a Second Species for Toxicology
Testing Provides Value to Drug Development
(Virginie Boulifard)

In many cases, the accepted regulatory standard to support the

development of new pharmaceuticals involves toxicity testing in

two species. However, the use of a second species to establish

the safety of new pharmaceuticals has been the subject of much

scrutiny in recent years, and the industry has been repeatedly

challenged to reduce, refine, or replace some or all of the animals

used. In particular, the value of the dog in this testing paradigm

has been questioned. Publications reviewing available data for

marketed drugs suggest that for many of these, the dog does not

uniquely identify toxicities critical to human safety.16 The weak-

ness of this approach, however, is that many of the cases where

the dog (or any other species) has the greatest impact on drug

development decisions may not have been shared publically, as

potential drugs were stopped during the development prior to

marketing. The EFPIA Preclinical Development Expert Group
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collected case studies from both its membership and the litera-

ture to explore the value of the dog in drug development

decision-making and clinical monitoring practices to protect the

safety of trial subjects. The project was not intended to be fully

comprehensive, but instead sought to collect representative cases

illustrating the value of the dog in drug development decision-

making, rather than an overall industry perspective for when the

dog did or did not provide value.

Preclinical Development Expert Group members submitted

19 cases for consideration. Of these, 18 were based on toxicol-

ogy data and 1 on safety pharmacology data. These cases

encompassed 9 therapeutic areas, and all cases were for small

molecules. Study durations ranged from 2 to 52 weeks, but the

majority of the examples were based on studies of 4 weeks’

duration or less. Two additional cases were obtained from the

literature and product labeling. Together, these cases provided

examples of the influence of the results of dog studies on early

project development decisions, clinical monitoring and safety

measures, late project termination decisions, and product

approval and labeling.

Six case studies were shared during the symposium (5 small

molecules in development and 1 marketed small molecule),

which presented the following scenarios:

1. The dog was the only pharmacologically responsive

species. In this case, the lack of significant adverse

findings in the dog supported the ongoing clinical

development of the compound.

2. Notable effects in the dog predicted the observed

human toxicity in early clinical trials. In this case, clini-

cally relevant findings were noted in the dog, but not

the rat 4-week toxicology studies. Similar findings were

noted in the clinical phase I study at exposure levels

required for pharmacodynamic (PD) effects, and as a

result, clinical development was terminated.

3. Metabolite qualification could only be achieved in the

dog. The highest achievable exposure of a major meta-

bolite in the chronic rat study was less than one-fold the

human exposure at the maximum recommended human

dose. In contrast, the highest achievable exposure of a

major metabolite in the chronic dog study was greater

than 1-fold the human exposure at the maximum rec-

ommended human dose. The dog study was therefore

critical for supporting the phase III clinical trials in the

United States and to address questions about the safety

of the metabolite that arose during the review of the

marketing application.

4. Notable effects observed in the chronic dog study

resulted in additional clinical monitoring in trials for

a rare but frequently life-threatening disease with a pre-

dominately pediatric onset. Axonal degeneration was

noted in the chronic dog study, but similar findings

were not observed in the rat. The dog was considered

the most sensitive species, and as a result, additional

monitoring was added to an ongoing clinical trial to

screen for potential effects.

5. Notable effects not predicted from the pharmacologic

basis of action were observed only in the dog toxicity

studies and impacted clinical development and product

labeling for a compound that is currently marketed

globally for a variety of urogenital and CV diseases.

Testicular changes, indicative of reduced spermatogen-

esis, were observed in the dog toxicity studies (13-52

weeks’ duration), and in the 52-week dog study, these

changes were noted at systemic exposures similar to

that at the maximum recommended human dose. Addi-

tional clinical trials were conducted to assess the risk to

male reproduction in humans, and the effects of the

compound on dog testes were noted in the impairment

of fertility section of the product label.

6. A review of the available product approval summary

documents and product labeling suggests that findings

observed in the dog toxicity studies for various mar-

keted statins identified potential human AEs and

impacted product labeling. Cerebral hemorrhage and

cataracts, 2 findings which were identified in dog toxi-

city studies, have been reported in humans for 4 to 6

different statins, respectively. These findings were not

observed in mice or the rat. As a class, the product

labeling for statins describes the CNS effects observed

in the dog toxicity studies, as well as a description of

dose-dependent optic nerve degeneration noted in dogs.

The other cases collected by the EFPIA serve to illustrate

further the value of the dog in drug development decision-

making. These include cases where the results of dog toxicol-

ogy or safety pharmacology studies influenced early- or

mid-stage project development decisions, clinical monitoring,

and implementation of safety measures during clinical trials, or

product labeling. In many situations, the value of the dog toxi-

city studies is not necessarily apparent because study results for

compounds that are not continued in development, or for which

the development process is still in progress, are often not dis-

closed. However, when the data from the dog toxicity studies

are viewed in combination with all of the other nonclinical data

that support the safety of the patient, these results play a critical

role in internal decision-making and the protection of patients.

The Value of Non-human Primates for
Human Risk Assessment of Monoclonal
Antibodies (Frank Brennan)

A recently published Biosafe White Paper,17 examining the

value of non-human primates (NHPs) for human risk assess-

ment, was presented. This was prepared in response to recent

publications18,19 highlighting the deficiencies of NHPs for

monoclonal antibody (mAb) safety testing. Those papers ana-

lyzed approved mAbs, using clinical AEs of varying nature and

incidence as starting points and asked whether human AEs

were predicted by animal toxicology studies. The authors

argued that almost all AEs of mAbs are predictable because

they are mediated by exaggerated pharmacology, and that in
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silico and in vitro studies, as well as target knockout (KO)/

knockin mouse data, can predict the majority of AEs with

mAbs, making NHPs redundant for routine toxicology. In those

publications, it was also argued that the formation of anti-drug

antibodies (ADAs) to human mAbs in NHPs compromises

safety assessment. Biosafe convened a task force to review

current approaches to the safety assessment of mAbs, collect-

ing and analyzing examples from member companies where

NHP safety studies had meaningful impacts on clinical devel-

opment of mAbs. Some of these case studies were presented

during the symposium and the main conclusions discussed.

For mAbs against novel targets or with novel mechanisms of

action, and for novel mAb scaffold and structures (eg, bi-/tri-

functional mAbs) where the pharmacology is less well known

or less predictable, assessing safety impact of target modula-

tion in NHPs (if pharmacological relevance has been con-

firmed) can be critical. Some cases highlighted that although

a target/pathway had safety liabilities identified from multiple

sources (including target biology, in vitro data, KO mouse data,

and other), which would have stopped development, the avail-

ability of NHP data provided confidence that the mAb could be

dosed safely in humans. Studies in NHPs were also shown to be

useful in defining safe starting dose levels and dose frequency,

as well as informing clinical safety monitoring and risk man-

agement. Although KO mice can identify potential toxicities

for further investigation, they may overpredict effects in

humans because the target is often completely missing for the

full life span. They may not accurately reflect the risk of dosing

an mAb to adult humans where the role of the target in devel-

opment is not manifested, nor account for physiological differ-

ences in pathways between rodents and humans, nor the fact

that an mAb dosing regimen may not induce complete target

blockade in all tissues all of the time. Other cases showed

pathways, molecules, and routes of administration with human

safety liabilities where NHP data supported mAb and/or target

termination or identified safety/PD biomarkers for clinical

monitoring. In no case were ADA found to compromise safety

assessment.

It is necessary also to acknowledge the limitations of NHP

studies. These include differences in expression/biology of cer-

tain pathways compared with humans and the use of normal

animals with often low target expression, function, and activa-

tion status compared with higher levels in disease (such as

immune checkpoint molecules). Often there is no biomarker

of activity to build a human PK/PD model and it is hard to

assess the potential for human relevant toxicity. In many

instances, the level/function of the target in normal NHPs was

equivalent to patients, probably increasing predictive power.

When there is low target expression/function in normal ani-

mals, there is a need to supplement the toxicology data with

safety/PK/PD data from in vitro systems and animal disease

models to determine the relationship between dose/exposure

and pharmacology/toxicology, allowing translational modeling

of human doses. This requires the development of critical in

vivo activity and safety markers using genomic, proteomic, and

immunological assays in NHPs and humans to increase the

chance of detecting early signs of toxicity and to allow com-

parisons to be made between nonclinical and clinical data.

Despite the limitations of toxicology studies in healthy

NHPs, they can be good predictors of PD in humans and should

identify the majority of severe AEs induced in the majority of

dosed subjects (ie, overt pharmacology-based hazards), pro-

vided pharmacological relevance is confirmed. NHPs are, how-

ever, poor predictors of infrequent downstream effects of mAb

pharmacology such as infusion reactions, cytokine release,

infection, autoimmunity, and cancer, many of which are gov-

erned by patient- and disease-specific factors, comedication,

and so on, and can only addressed in large clinical trials. Others

(headache, pain, fatigue, nausea) are subjective end points not

measurable in NHPs, or using in vitro methods. Risk mitigation

relies on a weight-of-evidence approach, benefit:risk assess-

ment, and clinical risk management based on the unique char-

acteristics of product, target, and patient.

In conclusion, NHP use in drug development of mAbs is

increasing due to a great number of novel multifunctional drugs

with perceived increased safety risk requiring rigorous assess-

ment, as well as conservatism by toxicologists, company man-

agement, and Health Authorities. This must be challenged and

NHP studies should not be performed as default to satisfy a

standard development and regulatory path. We must use

rational, science-based decision-making in the ethical and sci-

entific use of NHPs based upon the specific attributes of each

product. When this is practiced, safety assessment studies in

NHPs can provide critical information for human risk assess-

ment and safe guarding of participants in clinical trials.

When Would Data From a Single Species Be
Sufficient for Safe Progression in Humans?
(Helen Prior)

The NC3Rs is a UK-based independent scientific organization

funding innovation and technological developments that

replace or reduce the need for animals in research and testing

and lead to improvements in welfare where animals continue to

be used. Since its inception in 2004, a collaboration funded by

the Association of the British Pharmaceutical Industry has

facilitated close interactions with international pharmaceutical,

biotechnology, and contract research organizations (CROs), as

well as regulatory agencies. Many of the projects have

depended on cross-company data sharing of pre-competitive

nonclinical information to provide evidence bases for new

opportunities for applying the 3Rs across the drug development

pipeline.4,20,21

The most recent collaboration aimed to review how and

when two species were used within regulatory toxicology stud-

ies, and specifically to investigate if data from a single species

could be sufficient for safe progression in humans.22 The main

focus was to explore whether a rodent and a non-rodent species

are still required for toxicology testing in the current industry

landscape and whether existing opportunities to use a single

species are being fully exploited and/or could be expanded.
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There is already widespread adoption of a single-species

approach for biotherapeutics following ICHS6 guidelines (as

there is often only one pharmacologically relevant species,

frequently the NHP), as illustrated in the previous presenta-

tion.17 Nevertheless, if biotherapeutic molecules are cross-

reactive with multiple species, testing in two species is

expected in a similar manner to molecules following ICHM3

and ICHS9 guidelines.14,23 There are options within ICHS624

for the use of a single species (preferably the rodent) for the

longer term chronic toxicity studies to support phase II/III clin-

ical trials, if toxicities observed in two species are similar in

short-term studies (generally accepted as Investigational New

Drug (IND)-enabling studies to support phase I clinical trials).

The work presented focused on the incidence of one or two

species use across current portfolios (for multiple molecule

types), the frequency for a reduction to one species within the

package of toxicology studies, and potential opportunities for

expansion of ICHS6 principles to different molecule types (eg,

small molecules following ICHM3 or oncology products fol-

lowing ICHS9) or more widely for mAbs and other molecules

following ICHS6.

Data were collected within a survey devised by an interna-

tional working group (consisting of representatives from phar-

maceutical and biotechnology companies, CROs,

consultancies, academia, and regulatory bodies). Questions

focused on current practices with regard to species use within

regulatory toxicology studies, including details of the studies

conducted within the package and the toxicities observed (tar-

get organ level only) in each study. Data were received for 172

molecules (from 18 different organizations) consisting of 92

small molecules, 46 mAbs, 15 recombinant proteins, 13 syn-

thetic peptides, and 6 antibody–drug conjugates (ADCs).

For molecules following ICHM3 and/or ICHS9 guidelines

(all 92 small molecules and 3 synthetic peptides), toxicology

studies were generally performed in two species, as expected.

However, there were three examples of small molecules that

only used one species: two of these conducted early rodent

toxicity studies only, stopping development prior to the start

of planned non-rodent studies; the other had stopped develop-

ment after performing IND-enabling toxicity studies using the

non-rodent only (ie, this was a considered decision to use one

species only). For another small molecule, IND-enabling toxi-

city studies were conducted in two species, with rodent studies

then dropped when progressing to longer term chronic dosing

studies (this molecule was still active in development). For

molecules following ICHS6 guidelines (all 46 mAbs, all 15

recombinant proteins, 10 synthetic peptides, and all 6 ADCs),

toxicology studies in one (NHP) species were performed for 30

mAbs, 3 recombinant proteins, and 1 ADC. However, there

were two examples of mAbs that used a single rodent species:

one mAb was in a late stage of active development, having

completed the data package using a transgenic mouse model

only, while the other mAb was in active development using the

rat only for the IND-enabling toxicity package. Two species

were used for the remaining mAbs, recombinant proteins, syn-

thetic peptides, and ADCs (41 molecules in total). Five of these

molecules (2 ADCs and 3 mAbs) reduced to a single species

(the NHP) for the IND-enabling package, while two further

mAbs reduced to a single rodent species for longer term

chronic dosing studies. Nine other molecules following ICHS6

guidelines retained both species for longer term chronic dosing

studies (4 mAbs, 2 recombinant proteins, and 3 synthetic

peptides).

A key decision for progression of longer term chronic dos-

ing studies in one or two species revolves around the

“similarity” of toxicities between the species. A review of tar-

get organ toxicities identified in the IND-enabling toxicity

study package was performed to determine how often toxicities

were similar or different in the two species. For the 115 mole-

cules within the database that used two species for IND-

enabling toxicity studies (75 small molecules, 13 mAbs, 11

recombinant proteins, 12 synthetic peptides, and 4 ADCs),

toxicities were similar in both species for 32%, 85%, 36%,

42%, and 25% per molecule type, respectively. Therefore,

there may be opportunities for more or different molecules

currently following ICHS6 guidelines, as well as molecules

following other guidelines, to reduce to one species for longer

term chronic dosing studies in the future.

Concluding Comments

The presentations at this symposium describing the work of

substantial international consortia clearly illustrate the impor-

tance that the global pharmaceutical industry give to consider-

ing the relevance of safety testing paradigms. One common

theme running through these contributions has been to question

whether opportunities exist to replace, refine, or reduce the use

of animals in the safety assessment process without compro-

mising human health or the effectiveness of new medicines.

Although current regulatory requirements for toxicity testing in

animals remain in place, opportunities for complete replace-

ment presently appear limited. However, there is flexibility

within current guidelines to reduce and refine animal use that

should be exploited fully (eg, the use of a single species for

longer term chronic toxicity studies within ICHS6). The shar-

ing of case examples (anonymized when appropriate) where

individual companies have successfully adopted an innovative

approach (eg, the small molecule using a single species, men-

tioned in presentation 4) is important for building confidence to

move away from standard regulatory packages of studies.

Some of the data presented during the symposium were

based on retrospective evaluation of established ways of work-

ing, illustrating that data from a particular species had been

critical for decision-making and contributed to human safety

by identification of a potential risk that either stopped devel-

opment prior to human trials or facilitated effective clinical

monitoring. The challenge is to use the information gained

from retrospective evaluations to better predict and select the

most appropriate species without the benefit of hindsight. Were

we able to predict upfront which nonclinical species would

provide the most useful/relevant data, then we would be able

to restrict toxicity studies to the most appropriate species.
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Experience with the approach taken by mAbs and other new

modalities (toxicity testing in pharmacologically relevant spe-

cies, which could be two, one, or no species) could influence

the future of toxicity testing toward a case-by-case approach

for all molecules. An initial approach could be for the IND-

enabling toxicity package to be conducted in two species, then

to reduce to one species for the longer term chronic toxicity

studies in conjunction with emerging human data from the

clinic. This could be an area for the different industry consortia

to work together in the future.

It must be acknowledged that changing the paradigm

regarding the use of animals is not a trivial undertaking, espe-

cially around building confidence in new/different approaches

and/or changing regulations. Further progress demands an

increased understanding of mechanisms resulting in adverse

health effects and a willingness to exploit fully new develop-

ments in science and technology. As our understanding of toxic

mechanisms increases further, and as the battery of methods at

the disposal of toxicologists expands, there will no doubt be

new and exciting opportunities to further refine approaches to

safety assessment of new drugs and opportunities also to refine

and reduce our reliance on animals for this purpose. Consortia

such as those that contributed to the symposium are well placed

to ensure that safety assessment paradigms evolve and improve

as the science advances.

Author Contributions

H.P. contributed to conception and design, contributed to analysis and

interpretation, and drafted the manuscript. I.K. contributed to analysis

and interpretation, drafted the manuscript, and critically revised the

manuscript. T.M., V.B., and F.R.B. contributed to interpretation and

drafted the manuscript. All authors gave final approval and agree to be

accountable for all aspects of work ensuring integrity and accuracy.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iD

Helen Prior https://orcid.org/0000-0002-8700-7226

References

1. Olson H, Betton G, Robinson D, et al. Concordance of the toxicity

of pharmaceuticals in humans and in animals. Regul Toxicol

Pharmacol. 2000;32(1):56-67.

2. Park E, Gintant G, Bi D, et al. Can nonclinical repolarization

assays predict the results of clinical thorough QT studies? Results

from a research consortium. Br J Pharmacol. 2018;175(4):

606-617.

3. Scialli A, Daston G, Chen C, et al. Rethinking developmental

toxicity testing: evolution or revolution? Birth Defects Res.

2018;110(10):840-850.

4. Robinson S, DeLongeas JL, Donald E, et al. A European pharma-

ceutical company initiative challenging the regulatory require-

ment for acute toxicity studies in pharmaceutical drug

development. Regul Toxicol Pharmacol. 2008;50(3):345-352.

5. Buckley L, Chapman K, Burns-Naas LA, Todd M, Martin P, Lansita

J. Considerations regarding nonhuman primate use in safety assess-

ment of biopharmaceuticals. Int J Toxicol. 2011;30(5):583-590.

6. Butler L, Guzzie-Peck P, Hartke J, et al. Current nonclinical

testing paradigms in support of safe clinical trials: an IQ Con-

sortium DruSafe perspective. Regul Toxicol Pharmacol. 2017;

87(suppl 3):S1-S15.

7. Chapman K, Holzgrefe H, Black L, et al. Pharmaceutical toxicol-

ogy: designing studies to reduce animal use, while maximizing

human translation. Regul Toxicol Pharmacol. 2013;66:88-103.

8. Sewell F, Chapman K, Couch J, et al. Challenges and opportuni-

ties for the future of monoclonal antibody development: improv-

ing safety assessment and reducing animal use. MAbs. 2017;9(5):

742-755.

9. Mangipudy R, Burkhardt J, Kadambi VJ. Use of animals for

toxicology testing is necessary to ensure patient safety in phar-

maceutical development. Regul Toxicol Pharmacol. 2014;70(2):

439-441.

10. Monticello TM, Jones TW, Dambach DM, et al. Current noncli-

nical testing paradigm enables safe entry to First-In-Human clin-

ical trials: the IQ consortium nonclinical to clinical translational

database. Toxicol Appl Pharmacol. 2017;334:100-109.

11. Ackley D, Abernathy M, Chaves A, et al. Current nonclinical in vivo

safety pharmacology testing enables safe entry to First-In-Human

clinical trials: the IQ consortium nonclinical to clinical translational

database. J Pharmacol Toxicol Methods. 2019. IN PRESS.

12. Emanuel E, Bedarida G, Macci K, Gabler N, Rid A, Wendler D.

Quantifying the risks of non-oncology phase I research in healthy

volunteers: meta-analysis of phase I studies. BMJ. 2015;350:1-9.

13. Altman DG, Bland JM. Statistics notes: diagnostic tests 1: sensi-

tivity and specificity. BMJ. 1994;308(6943):1552.

14. International Conference on Harmonisation (ICH). Topic

M3(R2). Nonclinical Safety Studies for the Conduct of Human

Clinical Trials and Marketing Authorization for Pharmaceuti-

cals. International Conference on Harmonisation (ICH). Topic

M3(R2); 2009. https://www.ich.org/fileadmin/Public_Web_Site/

ICH_Products/Guidelines/Multidisciplinary/M3_R2/Step4/M3_

R2__Guideline.pdf

15. Mead A, Amouzadeh H, Chapman K, et al. Assessing the predic-

tive value of the rodent neurofunctional assessment for commonly

reported adverse events in phase I clinical trials. Regul Toxicol

Pharmacol. 2016;80:348-357.

16. Bailey J, Thew M, Balls M. An analysis of the use of dogs in

predicting human toxicology and drug safety. Altern Lab Anim.

2013;41(5):335-350.

17. Brennan FR, Cavagnaro J, McKeever K, et al. Safety testing of

monoclonal antibodies in non-human primates: case studies high-

lighting their important impact on risk assessment for humans.

MAbs. 2018;10(1):1-17.

324 International Journal of Toxicology 38(4)

https://orcid.org/0000-0002-8700-7226
https://orcid.org/0000-0002-8700-7226
https://orcid.org/0000-0002-8700-7226
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Multidisciplinary/M3_R2/Step4/M3_R2__Guideline.pdf
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Multidisciplinary/M3_R2/Step4/M3_R2__Guideline.pdf
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Multidisciplinary/M3_R2/Step4/M3_R2__Guideline.pdf


18. van Meer P, Kooijman M, van der Laan J, Moors E, Schellekens

H. The value of non-human primates in the development of mono-

clonal antibodies. Nat Biotechnol. 2013;31(10):882-883.

19. van Meer P, Kooijman M, Brinks V, et al. Immunogenicity of

mAbs in non-human primates during nonclinical safety assess-

ment. MAbs. 2013;5(5):810-816.

20. Chapman K, Adjei A, Baldrick P, et al. Waiving in vivo studies

for monoclonal antibody biosimilar development: National and

global challenges. MAbs. 2016;8(3):427-435.

21. Sewell F, Chapman K, Baldrick P, et al. Recommendations from a

global cross-company data sharing initiative on the incorporation

of recovery phase animals in safety assessment studies to support

first-in-human clinical trials. Regul Toxicol Pharmacol. 2104;

70(1):413-429.

22. Prior H, Baldrick P, de Hann L, et al. Reviewing the utility of two

species in general toxicology related to drug development. Int J

Toxicol. 2018;37(2):121-124.

23. International Conference on Harmonisation (ICH). Topic S9.

Nonclinical Evaluation for Anticancer Pharmaceuticals. Interna-

tional Conference on Harmonisation (ICH). Topic S9; 2009.

https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/

Guidelines/Safety/S9/Step4/S9_Step4_Guideline.pdf

24. International Conference on Harmonisation (ICH). Topic S6(R1).

Preclinical Safety Evaluation of Biotechnology-Derived Pharma-

ceuticals. International Conference on Harmonisation (ICH).

Topic S6(R1); 2011. https://www.ich.org/fileadmin/Public_

Web_Site/ICH_Products/Guidelines/Safety/S6_R1/Step4/S6_

R1_Guideline.pdf

Prior et al 325

https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Safety/S9/Step4/S9_Step4_Guideline.pdf
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Safety/S9/Step4/S9_Step4_Guideline.pdf
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Safety/S6_R1/Step4/S6_R1_Guideline.pdf
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Safety/S6_R1/Step4/S6_R1_Guideline.pdf
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Safety/S6_R1/Step4/S6_R1_Guideline.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


