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• ICH M3(R2) Q&As – released 2012  (ICH M3(R2) – released 2009)

• What non-clinical studies are needed to proceed with clinical studies phase 
I, II, III and New Drug Application (NDA)? 

• Cases applying M3(R2): Non rodent species choice

• Compare M3(R2) with S6(R1) and S9

• Conclusions
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ICH Topic E 8 General Considerations for Clinical Trials
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The starting point for 
design of your 
nonclinical program 
should be your 
proposed clinical 
indication and your 
clinical development 
plan!
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Investigational medicinal product (IMP)

ABPI:      https://www.abpi.org.uk/media/4992/guidelines-for-phase-i-clinical-trials-2018-edition-20180626.pdf

https://www.abpi.org.uk/media/4992/guidelines-for-phase-i-clinical-trials-2018-edition-20180626.pdf


5https://www.eupati.eu/non-clinical-studies/non-clinical-requirements-first-human-studies/

https://www.eupati.eu/non-clinical-studies/non-clinical-requirements-first-human-studies/
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ICH M3 R2

Example of topics for Q &A document: 
limit dose, exposure margin,
Maximum feasible dose (MFD),  Maximum 
tolerated dose (MTD)

Additional studies 
might be warranted

Additional studies 
might be warranted



ICH M3(R2) Questions and answers (Q&A)

Limited dose Exposure margin 

The exposure margins should be calculated using the
Group mean Area under the curve (AUC) values for 
animals at the highest dose tested and for humans at 
the anticipated therapeutic exposure. 

In some special cases, based on prior knowledge of the 
compound class, exposure limits based on Cmax might 
also be appropriate, e.g. if it is suspected that the
drug could cause seizures.

Using the 50-fold approach, the high dose in the 
toxicity studies should be selected to produce a 50-fold 
exposure margin over the anticipated clinical
exposure at the highest dose proposed for phase II and 
III studies

For phase I clinical trials it is recognized that the 
therapeutic exposure generally will be
exceeded and smaller margins are appropriate 
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M3(R2) Q&As: there are 25 pages of questions!

• Therefore I have selected those responses which are most useful, based on relevance to non clinical studies and 
study design and intepretation.  I have highlighted key terms wthin the document. 

• I have excluded the following sections: Metabolite response, Combinations,  Reproductive toxicity  and Safety 
pharmacology



M3(R2) Q&As(R2) 
Maximum Feasible Dose Route of administration

The Maximum Feasible Dose (MFD) should be a dose 
that attempts to maximize exposure in toxicity
studies, rather than maximize the administered dose. 

• formulation volumes that can be administered 
should be based on anatomical and physiological 
attributes of the test species and properties of the 
formulation, and can impact the MFD. 

• Solubility limits can restrict the dose for some routes, 
such as intravenous. Solubility limits are not usually 
considered sufficient to justify the MFD for some 
other routes of administration, such as inhalation or 
oral. The characteristics of multiple formulations of 
the test article, with a range of  properties (e.g., 
aqueous and non-aqueous and various viscosities), 
should be investigated prior to dosing in animals. 

For any drug intended to provide systemic exposure (including 
transdermal) the 50-fold approach is considered appropriate. 
For topical drugs intended to produce local effects, the high 
dose in topical toxicity studies should generally be based on the 
MFD or MTD and might not achieve high local concentrations 
or high systemic exposures compared to those achieved 
clinically. In this case, a 50-fold systemic margin is not relevant.
• For inhaled drugs with intended systemic action, the high 

dose in an inhalation toxicity study could be one that 
produces an AUC value of greater than or equal to 50-fold 
the clinical systemic exposure and a 10- fold margin over the 
calculated deposited lung dose. For inhaled drugs that are 
designed to work locally in the lung, the high dose could be 
one that achieved a calculated deposited lung dose of 50 
times the calculated clinical deposited lung dose and 
produced a 10-fold margin over the AUC achieved in humans 
at the clinical dose.
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M3(R2) Q&As(R2) 
Reversibility

Evaluation of the potential for reversibility of toxicity (i.e., return to 
the original or normal condition) should be provided when there is 
severe toxicity in a nonclinical study with potential adverse clinical 
impact. The evaluation can be based on a
• study of reversibility or
• on a scientific assessment.

• A toxicity study that includes a terminal non-dosing period is 
generally warranted if a scientific assessment cannot predict 
whether the toxicity will be reversible and if:

• 1. there is severe toxicity at clinically relevant exposures (e.g., ≤10-
fold the clinical exposure) or

• 2. the toxicity is only detectable at an advanced stage of the 
pathophysiology in humans and where significant reduction in 
organ function is expected. (The assessment of reversibility in this 
case should be considered even at >10-fold exposure multiples.)

A  reversibility study is generally not warranted to support clinical 
trials of a duration equivalent to that at which the adverse effect was 
not observed nonclinically.

The scientific assessment of reversibility can 
include the extent and severity of the pathologic 
lesion, the regenerative capacity of the organ 
system showing the effect and knowledge of 
other drugs causing the effect.
Thus, recovery arms or studies are not always 
critical to conclude whether an adverse effect is 
reversible. 

The demonstration of full reversibility is not 
considered essential. A trend towards reversibility 
(decrease in incidence or severity), and scientific 
assessment that this would eventually progress to 
full reversibility, are generally sufficient.

If full reversibility is not anticipated, this should 
be considered in the clinical risk assessment.
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M3(R2) Q&As(R2) 
Exploratory clinical trial

Approach 3 involves just a single dose in humans supported by extended single-dose toxicity studies in rodents and 
non-rodents conducted up to the animal Maximum Tolerated Dose (MTD), MFD or limit dose.

Approach 4 involves multi-dose clinical trials (up to 14 days) supported
by 14-day toxicity studies (in rodents and non-rodents) in which dose
selection for animals is based on multiples of proposed human exposure
in the exploratory clinical trial. If no toxicity is observed in either species,
it is recommended that the maximum clinical dose not exceed 1/10th the
lower exposure (AUC) in either species at the highest dose tested in the
animals. If toxicity is observed see answer to 2b below.

Approach 5 involves multi-dose clinical trials (up to 14 days) supported
by a 14-day study in rodents up to the MTD, MFD or limit dose and a nonrodent ‘confirmatory’ study (at least 
equivalent to the duration of the exploratory clinical trial) that indicates that the non-rodent is not more
sensitive than the rodent. In this case, the highest exposure appropriate in the exploratory clinical trial should be 
determined by the findings in the toxicity studies. 
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M3(R2) Q&As(R2) 
Juvenile animal studies

There are few circumstances for which juvenile animal studies in two
species would be recommended besides an absence of adult human data
(i.e., a pediatric-only indication) or where there are multiple specific issues
of developmental concern and no one species is able to address them
adequately. 

Some situations for which a juvenile study in a second species
is not warranted include: solely because a therapeutic is first-in-class, to
verify adverse findings in a juvenile study in one species, or to further
examine behavioral effects of agents for which such effects are known or
can be expected.

Generally, data from adult human volunteers and the supporting nonclinical
data (in two species) will be available prior to pediatric clinical trials even
when the product is not intended for development in adults. In this case, juvenile animal toxicity studies are not 
considered important to support short term PK trials in pediatric populations. 
However, if data from adult humans are not available and the drug will be developed only for pediatric subjects, 
then this is a case where juvenile animal studies in two species would be appropriate to support
pediatric PK trials. 
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M3(R2) Table 1: Duration of Repeated Dose Toxicity Studies to Support 
the Conduct of Clinical Trials in All Regions 
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Maximum Duration of
Clinical Trial 

Minimum Duration of Repeated Dose Toxicity
Studies to Support Clinical Trials 

Rodents Non-rodents 

Up to 2 weeks 2 weeks a 2 weeks 

Between 2 weeks and 6
months 

Same as clinical trial Same as clinical trial

> 6 months 6 months 9 months b, c, d

a In Japan, WOCBP can be included in clinical trials if repeated dose toxicity studies of
at least 2 weeks in at least one species (generally rodents) have been completed with
careful histopathological evaluation of the ovary
b In the EU, studies of 6 month duration in non-rodents are considered acceptable.
However, where studies with a longer duration have been conducted, it would not be
considered appropriate to conduct an additional study of 6 months. There are examples where 
non-rodent studies of  up to 6 month duration can also be appropriate for Japan and US:
• When immunogenicity or tolerance problems confound conduct of longer term
studies.
• Repeated short-term drug exposure even if clinical trial duration exceeds 6
months, such as intermittent treatment of migraine, erectile dysfunction, or
herpes simplex.
• Drugs intended for indications for life-threatening diseases, such as cancer
chemotherapy in advanced disease or in adjuvant use. 



M3(R2) Table 2 Duration of Repeated Dose Toxicity Studies to Support 
Marketing in all Regions
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Duration of indicated 
treatment

Rodents Non-rodents 

Up to 2 weeks 1 month 1 month

>2 weeks to 1month 3 months 3 months

>1month to 3 months 6 months 6 months

> 3 months 6 months 9 months b, c, d

cThere can be cases where a pediatric population is the primary population, existing
animal studies do not adequately address developmental concerns for target organs of
toxicology or pharmacology, and long-term juvenile animal toxicity testing in a nonrodent would be valuable.
In this case, a chronic study initiated in the appropriate age

and species of juvenile animals that can address this developmental concern (e.g. 12
months duration in dog) can be appropriate. This could replace the standard chronic
non-rodent and separate juvenile animal study in non-rodents.
d. Clinical trials of longer duration than 6 months can be initiated providing the data are
available from a 3 month rodent and a 3 month non-rodent study, and complete data
from the chronic rodent and non-rodent study are made available, consistent with local
clinical trial procedures, before 3 months of dosing is exceeded in the clinical trial.
If the chronic rodent data are available, for serious or life-threatening indications or on
a case-by-case basis, this extension can be based on in-life and necropsy data in cases
where the complete histopathology data are available within 3 additional months. 



Why choose a relevant species?

An analysis of the attrition of drug candidates from four major pharmaceutical companies
Nature Reviews Drug Discovery volume 14, pages 475–486 (2015). 2 Nature Reviews Drug Discovery volume 15, pages 817–818 (2016 

Phase II and phase III failures2

Purpose of the toxicology studies is to limit risk to human volunteers or patients

Time, energy, capital and animals used on projects,  majority of which are terminated and 
never benefit patients. 

Advancing only those projects with higher probability of success will reduce overall animal use 
and enhance Pharma productivity. 

This can be achieved by obtaining more human relevant non clinical safety data. 

Extract the most value from your non rodent studies: ICH M3 represents minimal expectations



IQ consortium nonclinical to clinical translational database: 182 molecules, 
toxicology data coupled with clinical observations from phase I human 
studies
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Fig. 3. Concordance parameters by test species evaluated. A. sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV).         Toxicology and Applied Pharmacology 334 (2017) 100–109

Where is the minipig? 

Insufficient data to test 
its concordance. 



Guiding principles for non-rodent species 
selection at GSK

• positive predictive value of the animal model for human efficacy or safety

• data-driven, scientifically justified and documented

• no default species selection; case by case

• human relevance requires sufficient concordance across a range of biological and 
pharmacologic criteria  in a weight of evidence approach

• non human primates (NHP)  only used if the dog /minipig de-selected  
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Criteria considered for non-rodent species choice
- in silico/ in vitro/ in vivo data

• Target homology and tissue-specific distribution compared with human

• Pharmacodynamic responsiveness. Aim for ≥ 1 species. 

Pharmacological 
similarity

• Disposition and drug exposure

• Metabolite profile  (human predicted from in silico & in vitro studies)

Similarity of kinetic, 
disposition and drug 

metabolism

•Physiological and Toxicological human relevance, e.g. drug class causes histamine 
release in dogs. 

•Study specific and animal welfare considerations, e.g. technical feasibility, tolerability, 
comparative stress, low background data for potential pathology finding. 

Compound and study 
specific criteria
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Minipig- advantages and disadvantages relative to dog
Advantages Disadvantages Disadvantages

More transgenic 
models becoming 
available

Less availability of specific analytical kits for clinical 
pathology, cytokines etc and lack of validation

Requirement for increased number of base line clinical 
pathology samples. Imperfect sampling/ sample quality 
leads to wide reference ranges and therefore reduced 
sensitivity, e.g. AST. 
Welfare impact of additional venepuncture occasions. 

Usually the preferred 
species for dermal 
studies

Less background data and CRO experience 
available, compared to dog (and also data relating 
to specific routes i.e. ocular, inhalation)

Sample quality: much greater incidence of haemolysis and 
difficulty analysing platelets 

Manual handling and training for procedures Levels of clinical pathology markers of muscle damage (e.g. 
CTnI) higher in minipig heart than dog or  rat and frequently 
released during struggling during procedures (e.g. influence 
of EMKA jackets) or feeding

More staff needed for some procedures, e.g. 
intravenous study cannulation

Longer growth period means test material requirements are 
significantly greater for chronic tox studies (e.g.at 1 year of 
age:  25kg – minipig, 12kg- dog. )

These disadvantages will not be resolved in the short term



Case study 1          Innate immune system agonist, 
small molecule, evaluated dog, minipig and NHP

• Induces IFNα (the clinical marker of efficacy) and TNF-α ( the 
clinical marker of safety)

• evaluated minipig and non human primate (NHP) using in 
vitro assays. Minipig assays developed. 

Pharmacological 
similarity

• Disposition and drug and metabolite profile- not relevant 
since very low dose

Similarity of kinetic, 
disposition and drug 

metabolism

• Dog:  poorly tolerated, producing lethargy, subdued behaviour 
and vomiting

Compound and study 
specific criteria
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Mini-pig and human response: 3 different 
compounds 

Note difference 
in y-axis scales

Focus on compound 
producing red 
response. 

Drug concentration on x axis



NHP and human
same compound as for red response in previous slide 

Note 
difference in 
y-axis scales
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Conclusion: NHP is selected based on human relevance of pharmacological response



Case study 2    Compound X

• Prior knowledge that pharmacology could cause emesis in dog

• Oral dose of compound X  caused  emesis in the dog in 3 day 
tolerability study

• Same dose given to minipigs was tolerated and provided sufficient 
drug exposure relative to anticipated clinical dose

• Minipig selected as non rodent. 
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Case study 3   Compound Y

• Subcutaneous toxicology programme initiated to support 
subcutaneous clinical indication

• Minipig selected as toxicology species and provided satisfactory 
pharmacokinetics. 

• Clinical route changed to intravenous infusion

• Intravenous study (infusion) in minipig conducted using ear vein. 
Procedural dosing issues with the animals led to poor tolerability

• Project team switched to dog for subsequent studies and intravenous 
dosing was tolerated  
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Conclusions on non-rodent species selection

• Selecting  a species with high predictive value (human efficacy / safety) will enable 
good project decisions, enhance research productivity and reduce animal use

• Use a weight of evidence approach to  assess concordance across a range of 
biological and pharmacologic criteria to maximise human relevance

• Select the relevant species for the project- dog, minipig or NHP. 

• The minipig presents some specific disadvantages relative to the dog: some will 
gradually resolve with increased use (e.g. background data, assessment of 
predictive value), others will remain challenges (size, training, clinical pathology)
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ICH S6 R1- ICH guideline S6 (R1) – preclinical safety evaluation of 
biotechnology-derived pharmaceuticals 

Include proteins and peptides, their derivatives and products of which they are components; 
they could be derived from cell cultures or produced using recombinant DNA technology including production 
by transgenic plants and animals.

Examples include but are not limited to: cytokines, plasminogen activators, recombinant plasma
factors, growth factors, fusion proteins, enzymes, receptors, hormones, and monoclonal antibodies.

(does not cover antibiotics, allergenic extracts, heparin, vitamins, cellular blood
components, conventional bacterial or viral vaccines, DNA vaccines, or cellular and gene therapies). 

The primary goals of preclinical safety evaluation are: 

• 1) to identify an initial safe dose and subsequent dose escalation schemes in humans; 

• 2) to identify potential target organs for toxicity and for the study of whether such toxicity is 
reversible; 

• 3) to identify safety parameters for clinical monitoring. 
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ICH S6 R1- ICH guideline S6 (R1) – preclinical safety evaluation of 
biotechnology-derived pharmaceuticals 

27

Conventional approaches to toxicity testing of pharmaceuticals may not be appropriate for

biopharmaceuticals due to the unique and diverse structural and biological properties of the latter

that may include species specificity, immunogenicity, and unpredicted pleiotropic activities. 

In vitro cell lines derived from mammalian cells can be used to :

• predict specific aspects of in vivo activity and to assess quantitatively the relative sensitivity of various 
species (including human) to the biopharmaceutical. 

• receptor occupancy, receptor affinity, and/or pharmacological effects, and to assist in the

selection of an appropriate animal species for further in vivo pharmacology and toxicology studies.

The combined results from in vitro and in vivo studies assist in the extrapolation of the findings to

humans. 



ICH S6 R1- ICH guideline S6 (R1) – preclinical safety evaluation of 
biotechnology-derived pharmaceuticals 

28

Safety evaluation programs should include the use of relevant species

A relevant species is one in which the test material is pharmacologically active due to the expression of the

receptor or an epitope (in the case of monoclonal antibodies)

Relevant animal species for testing of monoclonal antibodies are those that express the desired

epitope and demonstrate a similar tissue cross-reactivity profile as for human tissues. This would

optimise the ability to evaluate toxicity arising from the binding to the epitope and any

unintentional tissue cross-reactivity

Safety evaluation programs should normally include two relevant species. However, in certain

justified cases one relevant species may suffice (e.g., when only one relevant species can be

identified or where the biological activity of the biopharmaceutical is well understood). In addition

even where two species may be necessary to characterise toxicity in short term studies, it may be

possible to justify the use of only one species for subsequent long term toxicity studies (e.g., if the

toxicity profile in the two species is comparable in the short term). 



ICH S6 R1- ICH guideline S6 (R1) – preclinical safety evaluation of 
biotechnology-derived pharmaceuticals 
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Dosage levels should be selected to provide information on a dose-response relationship, including
a toxic dose and a no observed adverse effect level (NOAEL). 

For some classes of products with little to no toxicity it may not be possible to define a specific maximum dose.
In these cases, a scientific justification of the rationale for the dose selection and projected multiples of human
exposure should be provided. 

Where a product has a lower affinity to or potency in the cells of the selected
species than in human cells, testing of higher doses may be important. The multiples of the human
dose that are needed to determine adequate safety margins may vary with each class of
biotechnology-derived pharmaceutical and its clinical indication(s). 

Use of homologous proteins
- can be used for hazard detection and understanding the potential for adverse effects due to exaggerated pharmacology, 

but are generally not useful for quantitative risk assessment
- safety evaluation studies using a control group and one treatment group provided there

is a scientific justification for the study design and dose selected (e.g., maximum pharmacological dose ). 



ICH S6 R1- ICH guideline S6 (R1) – preclinical safety evaluation of 
biotechnology-derived pharmaceuticals 
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Single dose toxicity studies: 
• may generate useful data to describe the relationship of dose to systemic and/or local toxicity. 
• can be used to select doses for repeated dose toxicity studies.
• dose- response relationships may be gathered through the conduct of a single dose toxicity study,  as a component of 
pharmacology or animal model efficacy studies.
• The incorporation of safety pharmacology parameters in the design of these studies should be considered.

Repeated dose toxicity studies
The route and dosing regimen (e.g., daily versus intermittent dosing) should reflect the intended clinical  use or exposure; 
include toxicokinetics.
A recovery period should generally be included in study designs to determine the reversal or
potential worsening of pharmacological/toxicological effects, (and/or potential delayed toxic effects). 
The duration of repeated dose studies should be based on the intended duration of clinical exposure and disease indication
• 1-3 month toxicity studies for most biotechnology-derived pharmaceuticals. 
• For biopharmaceuticals intended for short-term use (e.g., ≤ to 7 days) and for acute life-threatening diseases, 
• repeated dose studies up to two weeks duration have been considered adequate to support clinical studies as well as 
marketing authorisation.
• chronic indications, studies of 6 months duration have generally been appropriate 
• For chronic use of biopharmaceutical products developed for patients with advanced cancer, - seeICH S9 Guideline. 



ICH S6 R1- ICH guideline S6 (R1) – preclinical safety evaluation of 
biotechnology-derived pharmaceuticals 
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Immunogenicity
• measurement of antibodies associated with administration of these types of products
should be performed when conducting repeated dose toxicity studies in order to aid in the
interpretation of these studies. 
• Antibody responses should be characterised (e.g., titer, number of responding animals, neutralising or non-neutralising), 

and their appearance should be correlated with any pharmacological and/or toxicological changes
• Attention should also be paid to the evaluation of possible pathological changes related to immune complex formation 

and deposition. 
• The induction of antibody formation in animals is not predictive of a potential for antibody formation
in humans. 

Safety Pharmacology
• The aim of the safety pharmacology studies should be to reveal any functional effects on the major physiological systems 

(e.g., cardiovascular, respiratory, renal, and central nervous systems).
• Functional indices may be investigated in separate studies or incorporated
in the design of toxicity studies. 
• Investigations may also include the use of isolated organs or other
test systems not involving intact animals. 



ICH S6 R1- ICH guideline S6 (R1) – preclinical safety evaluation of 
biotechnology-derived pharmaceuticals 
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Reproductive performance and developmental toxicity studies
The need for reproductive/developmental toxicity studies is dependent upon the product, clinical

indication and intended patient population 

Genotoxicity studies 
The range and type of genotoxicity studies routinely conducted for pharmaceuticals are not
applicable to biotechnology-derived pharmaceuticals and therefore are not needed. Studies in available and relevant 
systems, including newly developed systems, should be performed in those cases where there is cause for concern about 
the product (e.g., because of the presence of an organic linker molecule in a conjugated protein product).

Carcinogenicity studies 
Standard carcinogenicity bioassays are generally inappropriate for biotechnology-derived
pharmaceuticals. However, product-specific assessment of carcinogenic potential may still be
needed depending upon duration of clinical dosing, patient population and/or biological activity of
the product (e.g., growth factors, immunosuppressive agents, etc.)



ICH S9  Non-clinical evaluation for anticancer pharmaceuticals

• In the development of anticancer drugs, clinical studies often involve cancer 
patients whose disease condition is progressive and fatal. 

• In addition, the dose levels in these clinical studies often are close to or at the 
adverse effect dose levels. 

• applies to both small molecule and biopharmaceuticals, regardless of the route of 
administration

• This guideline does not apply to pharmaceuticals intended for cancer prevention, 
treatment of symptoms or side effects of chemotherapeutics, studies in healthy 
volunteers, vaccines, or cellular or gene therapy.
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ICH S9  Non-clinical evaluation for anticancer pharmaceuticals

Pharmacology

• Prior to Phase I studies, preliminary characterization of the mechanism(s) of 
action and schedule dependencies as well as anti-tumor activity of the 
pharmaceutical should have been made. 

Safety pharmacology

• An assessment of the pharmaceutical’s effect on vital organ functions (including 
cardiovascular, respiratory and central nervous systems) should be available 
before the initiation of clinical studies;

• such parameters could be included in general toxicology studies
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ICH S9  Non-clinical evaluation for anticancer pharmaceuticals

Pharmacokinetics

The evaluation of limited pharmacokinetic parameters (e.g., peak plasma/serum 
levels, area under the curve (AUC), and half-life) in the animal species used for 
nonclinical studies can facilitate dose selection, schedule and escalation during 
Phase I studies. 

General toxicology

For small molecules, the general toxicology testing usually includes rodents and 
non-rodents
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ICH S9  Non-clinical evaluation for anticancer pharmaceuticals
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• The design of nonclinical studies should be appropriately chosen to accommodate different dosing
schedules that might be utilized in initial clinical trials. It is not expected that the exact clinical
schedule always will be followed in the toxicological study, but the information provided from the
toxicity studies should be sufficient to support the clinical dose and schedule and to identify potential
toxicity. 

• The nonclinical data to support Phase I and the clinical Phase I data would normally be sufficient for
moving to Phase II and into second or first line therapy in patients with advanced cancer. 
• In support of continued development of an anticancer pharmaceutical for patients with advanced cancer, results 
from repeat dose studies of 3 months’ duration following the intended clinical schedule should be
provided prior to initiating Phase III studies. 
• For most pharmaceuticals intended for the treatment of patients with advanced cancer, 
• nonclinical studies of 3 months duration are considered sufficient to
support marketing. 



Conclusions
• Seek input from regulatory authorities on your development proposals. 

• There is greater flexibility in development plans for biopharmaceuticals- a “case 
by case” approach using scientific judgement – ICH S6 R1

• Regulatory expectations change in response to scientific advances and 
understanding

• Keep the patient in your focus and this helps guide considerations of hazard and 
risk
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Any Questions?


