Contains Nonbinding Recommendations

APPENDIX C:
Derivation of the Interspecies Scaling Factor (W/W,) P

Power equation (mg) = aW"
log(mg) = log(a) + betog(W) = betog(W) +c

Given the weights of animal and human, and animal dose in mg/kg, solve for HED in mg/kg:
Let H = mg/kg dose in humans
A = mg/kg dose in animals
Wi, = weight of human
W, = weight of animal

for animal log(mg) = log(a) + brtog(W,) = betog(W,) + ¢
replace mg log(A*W,) = belog(W,) +c¢
solve forc ¢ = log(A*W,) -brlog(W,)

= log(A) +log(W,) - belog(W,)

= log(A) + (1-b)log(W.)

likewise for human ¢ =log(H) + (1-b)log(Wy)
equate two equations  log(A) + (1-b)log(W,) = log(H) + (1-b)log(Wy)
solve for log(H) log(H) =log(A) + (1-b)log(W.) - (1-b)log(Wh)
= log(A) + (1 -b)[log(Wa) log(Wh)]
= log(A) + log[(W./Wp)"™]
log(H) = log[A¢W,/ W) ™|
solve for H H= A=¢W,/W,)"

For example, using mg/’m normalization (b = 0.67) the predicted human MTD in mg/kg based
on arat LD g in mg/kg is MTD = LDy «¢W W),

Likewise the HED in mg/kg based on a surface arca conversion given an animal NOAEL is
HED = NOAEL *fW,/Wy)"**
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APPENDIX D:
Examples of Calculations for Converting Animal Doses
to Human Equivalent Doses

This appendix provides examples of specific calculations to be taken in deriving an HED based
on standardized factors.

Tables 1 and 3 provide standardized conversion factors for changing animal or human doses
expressed as mg/kg to doses expressed as mg/m®. Tables 1 and 3 also have factors (and divisors)
for converting animal doses in mg/kg to the human dose in mg/kg that is equivalent to the animal
dose if both were expressed on a mg/m? basis. This human dose in mg/kg is referred to as the
HED.

Fxample 1: Converting to m}z“mz HED

To convert an animal or human dose from mg/kg to mg/mz, the dose in mg/kg 1s multiplied by
the conversion factor indicated as kg, (for mass constant). The ky, factor has units of kg/mz; it is
equal to the body weight in kg divided by the surface area in m?.

formula: mg/kg * kn, = mg/m?
to convert a dose of 30 mg/kg in a dog: 30 x 20 = 600 mg/m*
to convert a dose of 2.5 mg/kg in a human: 2.5 x 37 =92.5 mg/m*

Fxample 2: Converting to mg'kg HED in two steps

To calculate the HED for a particular dose in animals, one can calculate the animal dose in
mg/m” by multiplying the dose in mg/kg by the ky, factor for that species as described in
E.\-amE)lc 1. The dose can then be converted back to mg/kg in humans by dividing the dose in
mg/m” by the ky, factor for humans.

formula; (animal mg/kg dose x animal k,) = human k, = human mg/kg dose

to calculate the HED for a 15 mg/kg dose in dogs:
(15 x 20) + 37 =300 mg/m?+ 37 = 8 mg/kg

Example 3: Converting to mg'kg HED in one step

The calculation in Example 2 can be simplified by combining the two steps. The HED can be
calculated directly from the animal dose by dividing the animal dosc by the ratio of the
human/animal k., factor (third column in Table 1) or by multiplying by the ratio of the
animal/human k,, factor (fourth column in Table 1).
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Division method

NOAEL calculation HED
mg/kg £l |kmhuman/kmanimal]

15 mg/kg in dogs 15mgkg +1.8= 8 mg/kg

50 mg/kg in rats 50 mg/kg +6.2= 8 mg/kg

50 mg/kg in monkeys 50 mg/kg +3.1= 16 mg/kg

Multiplication method

NOAEL calculation HED
mgf,kg % [keanimabKmbisian)

15 mg/kg in dogs 15 mg/kg x 0.541 = 8 mg/kg

50 mg/kg in rats 50 mg/kg x 0.162 = 8 mg/kg

50 mg/kg in monkeys 50 mg/kg = 0.324 = 16 mg/kg
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APPENDIX E:

Selection of Maximum Recommended Starting Dose
for Drugs Administered Systemically to Normal Volunteers

Determine NOAELs

(mg/kg) in toxicity
studies

i

Is there justification for extrapolating
animal NOAELSs to human equivalent dose

(HED) bas_,cd on mg/kg (or other Yes
appropriate normalization)?
l No l
HED (mg/kg) = NOAEL (mg/kg)
Convert each animal NOAEL (or other appropriate
to HED (based on body normalization)

surface area; see Table 1)

.

Select HED from most
appropriate species

!

Choose safety factor and
divide HED by that factor

f ;
| Maximum Recommended |
|  Starting Dose (MRSD) |

4

Consider lowering dose based on a
variety of factors, e.g., PAD
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EXECUTIVE SUMMARY

This guideline is intended to assist sponsors in the transition from non-clinical to early clinical
development. It identifies factors influencing risk for new investigational medicinal products and
considers quality aspects, non-clinical and clinical testing strategics and designs for first-in-human
clinical trials. Strategies for mitigating and managing risk are given, including the calculation of the
initial dosc to be used in humans, the subsequent dose escalation, and the conduct of the clinical trial.

1. INTRODUCTION

The safety of subjects participating in first in human studies is the paramount consideration as they
would not normally be expected to denive any therapeutic benefit.

Decisions on strategies for development of a new medicine and the experimental approaches used to
assemble information relevant to the safety of first-in-human clinical trials must be science-based, and
should be made and justified on a case-by-case basis.

Quality aspects should not, in themsclves, be a source of risk for first-in-human trials. Nevertheless,
special consideration should be given to certain factors which may add to the risk as described in this
guideline.

The non-clinical testing and expenimental approaches for first-in-human studies might identify
potential factors influencing risk for investigational medicinal products. The ability of non-clinical
studics to predict safety issues in humans may be limited because the nature of the target is morc
specific to humans or because of other factors.

The factors influencing the decision to proceed with the trial in healthy volunteers or patients and how
to conduct the trials need to be carefully considered. Attention should be given to the estimation of the
initial dose to be used in humans and to the subsequent dose escalations, intervals between doses to
different individuals and the management of risk.

In defining an appropriale early development programme for an investigational medicinal product
information on safety needs to be integrated from many sources and frequently reviewed in an
ilerative process.

This guidcline is intended to assist sponsors i the transition from non-clinical to ecarly clinical
development by outlining factors influencing risk to be considered in the non-clinical testing strategy
and designs of first-in-human clinical trals for investigational medicinal products.

Expert scientific advice on this topic may be requested from National Competent Authoritics or the
EMEA.

This guideline should be read in conjunction with the published EU guidelines (sec also section
references) and in particular the following:

Non-clinical aspects:

e Non-Clinical Safety Studies For The Conduct Of Human Clinical Trials For Pharmaccuticals
(ICH M3). CPMP/ICH/286/95,

e Preclinical safety c¢valuation of biotechnology-derived pharmaceuticals (ICH  S6)
CPMP/ICH/302/95,

e The Non-clinical Evaluation of the Potential for delayed Ventricular Repolarisation (QT
Interval Prolongation) by Human Pharmaccuticals (ICH S7B) CPMP/ICH/423/02

¢ Safety pharmacology studies for human pharmaceuticals (1ICH S7A)- CPMP/ICH/539/00

e Toxicokinetics: the assessment of systemic exposurc in toxicity studies (ICH S3A) -
CPMP/ICH/384/95

¢ Position Paper on the non-clinical safety studies to support clinical trials with a single micro
dose (CPMP/SWP/2599/02)

Clinical aspects

e Guideline for Good Clinical Practice (ICH E6), CPMP/ICH/135/95

©EMEA 2007 Page 3/12
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e General Considerations for Clinical Trials, (ICH E8) CPMP/ICH/291/95.
e EUDRALEX- Volume 10 - Clinical tnals. In particular: Chapter 1. Application and
Application Form and Chapter II: Monitoring and Pharmacovigilance.

2. SCOPE

This guideline applies to all new chemical and biological investigational medicinal products except
gene and cell therapy medicinal products. It covers non-clinical issues for consideration prior to the
first administration in humans and the design and conduct of tnals in the initial phase of single and
ascending doses during the clinical development.

3. LEGAL BASIS

This guideline applies to relevant Clinical Trial Authorisation applications submitted in accordance
with Directive 2001/20/EC and should be read in conjunction with Directive 2001/83 as amended and
its Annex [. (See references)

4. MAIN GUIDELINE TEXT

For many new investigational medicinal products, the non-clinical safety pharmacology and
toxicology programme provides sufficient safety data for estimating risk prior to first administration in
humans. However, for some novel medicinal products this non-clinical safety programme might not be
sufficiently predictive of serious adverse reactions in man and the non-clinical testing and the design
of the first-in-human study requires special consideration.

When planning a first-in-human clinical trial, sponsors and investigators should identify the factors of
risk and apply risk mitigation strategies accordingly as laid down in this guideline. In addition to the
principles expressed in this guideline, some special populations such as paediatrics may deserve
specific considerations.

4.1 Factors of risk

Predicting the potential severe adverse reactions for the first-in-human use of an investigational
medicinal product, involves the identification of the factors of risk. Concemns may be derived from
particular knowledge or lack thereof regarding (1) the mode of action, (2) the nature of the target,
and/or (3) the relevance of anmimal models.

The Sponsor should discuss the following criteria for all first-in-human trials in their clinical trial
authorisation application. These criteria should be taken into account on a case-by-case basis.

e Mode of action

While a novel mechanism of action might not necessarily add to the risk per se, consideration should
be given to the novelty and extent of knowledge of the supposed mode of action. This includes the
nature and intensity (extent, amplification, duration, reversibility) of the effect of the medicinal
product on the specific target and non-targets and subsequent mechanisms, if applicable. The type and
stecepness of the dose response as measured in experimental systems, which may be linear within the
dose range of interest, or non-linear (e.g. plateau with a maximum effect, over-proportional increase,
U-shaped, bell-shaped), is of importance.

For example, the following modes of action might require special attention:

— A mode of action that involves a target which is connected to multiple signalling pathways
(target with plelotropic effects), e.g. leading to various physiological effects, or targets that are
ubiquitously expressed, as often seen in the immune system.

— A biological cascade or cytokine release including those leading to an amplification of an
effect that might not be sufficiently controlled by a physiologic feedback mechanism (e.g, in
the immune system or blood coagulation system). CD3 or CD28 (super-) agonists might serve
as an example.

When analysing risk factors associated with the mode of action, aspects to be considered may include:

—  Previous exposure of human to compounds that have related modes of action.
©EMEA 2007 Page 4/12
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— Evidence from animal models (including transgenic, knock-in or knock-out animals) for the
potential risk of serious, pharmacologically mediated toxicity

— Novelty of the molecular structure of the active substance(s), for example a new type of
engineered structural format, such as those with enhanced receptor interaction as compared to
the parent compound.

e Nature of the target

The target in human should be discussed in detail. Bevond the mode of action, the nature of the target
itself might impact on the risk inherent to a first administration to humans, and sponsors should
discuss the following aspects, based on the available data:

— the extent of the available knowledge on the structure, tissue distribution (including
expression in/on cells of the human immune system), cell specificity, disease specificity,
regulation, level of expression, and biological function of the human target including “down-
strecam” cffects, and how it might vary between individuals in different populations of healthy
subjects and patients.

— If possible a description of polymorphisms of the target in relevant animal species and
humans, and the impact of polymorphisms on the pharmacological effects of the medicinal
product.

e Relevance of animal specics and models

The Sponsor should compare the available animal species to humans taking into account the target, its
structural homology, distribution, signal transduction pathways and the nature of pharmacological
effects. (See also 4.3.1)

Where available animal species/models or surrogates are perceived to be of questionable relevance for
thorough investigation of the pharmacological and toxicological effects of the medicinal product, this
should be considered as adding to the risk.

4.2 Quality aspects

The requirements are the same for all investigational medicinal products regarding physico-chemical
characterisation and, additionally biological characterisation of biological products (sec references).
Quality attributes should not, in themselves, be a source of nisk for first-in-human trials. However,
these quality attributes arc to be considered in a risk assessment preceding a first-in-human trial.

Specific points to be considered are:

¢ Determination of strength and potency

To determine a safc starting dose, the methods used for determination of the strength and/or the
potency of the product need to be relevant, reliable and qualified. As an example, where the dose is
bascd on biological activity and is expressed in arbitrary units, and the assays are not qualified and/or
validated to ensure their rehiability, the doses used in non-clinical studies may be poorly defined and
mislcad the interpretation of what is a safe dose. Therefore it is important to have a representative
defined reference material from early in the development programme to measure biological activity.
For a biological medicinal product, the lack of a bioassay measuring the functional or biological
activity should be justified.

e Qualification of the material used

The material used in non-chinical studics should be representative of the material to be used for first-
in-human administration. It is important to have an adequate level of quality characterisation even at
this early point of development. A characterisation of the product including its heterogeneity,
degradation profile and process-related impurities should be performed. Particular attention should be
given to impurities that could be pharmacologically active and/or toxic. Special consideration should
be given to the suitability and qualification of methods to sufficiently characterise the active substance
and drug product.

When moving from non-clinical studies to first-in-human administration, there should be sufficient
assurance that product differences, should they occur, would not have an adverse impact on clinical

©EMEA 2007 Page 5/12

—209—



characteristics of the product, especially safety. Furthermore, during the carly development of a
product, significant modifications to the manufacturing process frequently occur. Particularly in the
case of complex molecules, these modifications can potentially result in subtle changes to the active
substance that may not be detectable in characterisation studies but can affect biological properties and
could have clinical consequences.

Given the fact that major clinical decisions arc based on the non-clinical data it is important to show
that these data remain valid.

Further non-clinical studies may be needed with the product intended for use in the first-in-human trial
in the following situations:

o Where there are differences in the product quality attributes of the non-clinical and
clinical material and adverse clinical consequences may result from such differences.

o Where there are differences in the manufacturing process and the limitations of product
characterisation, including biological assays. cannot assure that the matenal used in non-
chinical studies 1s representative of the material to be used m clinical studies.

e Reliability of verv small doses

Applicants should demonstrate that the intended formulation of the doses to be administered provides
the intended dose. There is a risk of reduced accuracy in cases where the medicinal product needs to
be diluted, to prepare very small doses. or the product is provided at very low concentrations as the
product could be adsorbed to the wall of the container or infusion system. This might lead to an over-
estimation of the safcty of the initial clinical doses and non-clinical safety data. Therefore.
compatibility of the product with primary packaging materials and administration systems should be
mvestigated, where relevant,

4.3 Non-clinical aspects

4.3.1  Demonstration of relevance of the animal model

Qualitative and quantitative differences may exist in biological responses in animals compared to
humans. For example, there might be differences in affinity for molecular targets, tissue distribution of
the molecular target. cellular consequences of target binding. cellular regulatory mechanisms,
metabolic pathways. or compensatory responses to an initial physiological perturbation.

Where there is evidence of species-specificity of action from i» vitro studics with human cells
compared with cells from a test species, the value of the in vivo response of the test species may be
significantly reduced in terms of predicting the in vivo human response. It should be noted that a
similar response in human and animal cells in vitro 1s not necessarily a guarantee that the in vivo
response will be similar.

In practice this means that animal studies with highly species-specific medicinal products may:

e not reproduce the intended pharmacological effect in humans;
® give rise to misinterpretation of pharmacokinetic and pharmacodynamic results;
» notidentify relevant toxic effects.

A weight-of-evidence approach should involve integration of information from in vivo, ex vivo and in
vitro studies into the decision-making process.

High species-specificity of a medicinal product makes the non-clinical evaluation of the risk to
humans much more difficult, but does not imply that there is alwavs an increased risk in first-in-
human trials.

The demonstration of relevance of the animal model(s) may include comparison with humans of*

o Target expression, distribution and primary structure. However, a high degree of homology
does not necessarily imply comparable effects;
o Pharmacodynamics

¢ Binding and occupancy, functional consequences, including cell signalling if relevant.
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e Data on the functionality of additional functional domains in animals, if applicable,
e.g. Fc receptor system for monoclonal antibodies,
o Metabolism and other pharmacokinetic aspects
o Cross-reactivity studies using human and animal tissues (e.g. monoclonal antibodies).

The search for a relevant animal model should be documented and justified in detail.

Where no relevant species exists, the use of homologous proteins or the use of relevant transgenic
animals cxpressing the human target may be the only choice. The data gained 1s more informative
when the interaction of the product with the target receptor has similar physiological consequences to
those expected in humans. The use of in vitro human cell systems could provide relevant additional
information.

The relevance and limitations of all models used should be carefully considered and discussed fully in

the supporting documentation.

4.3.2  Pharmacodvnamics

Pharmacodynamic studies should address the mode of action, and provide knowledge on the biology
of the target. These data will help to characterise the pharmacological cffects and to identify the most
relevant animal models. The primary and secondary pharmacodynamics, should be conducted in in
vitro animal and human systems and iz vive in the animal models. These studies should include target
interactions preferably linked to functional response, ¢.g. receptor binding and occupancy, duration of
effect and dose-response.

A dose/concentration-response curve of the pharmacological effect(s) should be established with
sufficient titration steps in order to increase the likelihood to detect significant pharmacological effects
with low doses and to identify active substances with U-shaped or bell-shaped dose-response curves.
Such significant or even reverse cffects have been reported with biological compounds. Since a low
dosc is to be administered to humans in the first-in-human trial, this is of high importance.

Although GLP compliance is not mandatory for pharmacodynamic and pharmacokinetic studies, they
should be of high quality and consistent with the principles of GLP.

4.3.3  Pharmacokinetics

Standard pharmacokinetic and toxicokinctic data should be available in all species used for safcty
studics before going into human (ICH 53, 56, M3),

Exposures at pharmacodynamic doses i the relevant animal models should be determined especially
when pharmacodynamic effects are suspected to contribute to potential safety concerns.

434 Safety Pharmacology

Standard core battery data should be available before the first administration in humans (CHMP/ICH
guidelines S7A, S7B. S6, M3).

Additional studics to investigate effects in other organ systems should be carried out on a case by case
basis. In particular, for medicinal products targeting the immune system, potential unintended cffects
should be investigated, e.g. using in vitro studics, including human material.

4.3.5 Toxicology

The toxicology programme should be performed in relevant animal species and include toxico-
kinetics.

When factors influencing risk are identified (see section 4.1), the inclusion of additional endpoints
should be considered, on a casc-by-casc basis.

Toxicity studies in non-relevant species may give rise to misinterpretation and are discouraged. The
use of homologous products or transgenic model approach or of in vitro human cell systems could
provide relevant additional information.

It should be noted that human specific proteins are likely to be immunogenic in animal specics.
Therefore repeat dosing studics in animals may not predict the effects of such substances in humans
(c.g. presence of neutralising antibodies).

©EMEA 2007 Page 7/12
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Animal models that are thought to be similar to the human disecase may provide further insight in the
pharmacological action, the pharmacokinetics, (e.g. disease-related expression of the target) as well as
dosing in patients and safety (c.g.. evaluation of undesirable promotion of disease progression).
Therefore, in certain cases, studies performed in amimal models of discase may be used as an
acceptable alternative to toxicity studies in normal animals. The scientific justification for the use of
these animal models of disease to support safety should be provided.

4.3.6  FEstimation of the first dose in human

The estimation of the first dose in human is an important clement to safeguard the safety of subjects
participating in first-in-human studies. All available information has to be taken in consideration for
the dose selection and this has to be made on a case-by-case basis, Different methods can be used.

In general, the No Observed Adverse Effect Level (NOAEL) determined in non-clinical safety studies
performed in the most sensitive and relevant animal species, adjusted with allometric factors (sce
references “Other guidelines™ or on the basis of pharmacokinetics gives the most important
information. The relevant dose is then reduced/adjusted by approprate safety factors according to the
particular aspects of the molecule and the design of the clinical trials.

For investigational medicinal products for which factors influencing risk according to section 4.1 have
been identified, an additional approach to dose calculation should be taken. Information about
pharmacodynamics can give further guidance for dose selection. The ‘Minimal Anticipated Biological
Effect Level’ (MABEL) approach is recommended. The MABEL is the anticipated dose level lcading
to a minimal biological effect level in humans, When using this approach, potential differences of
sensitivity for the mode of action of the investigational medicinal product between humans and
animals, need to be taken into consideration ¢.g. denived from in-vitro studies. A safety factor may be
applied for the calculation of the first dose in human from MABEL as discussed below.

The calculation of MABEL should utilise all in vitro and in vivo information available from
pharmacokinetic/pharmacodynamic (PK/PD) data such as:

1) target binding and receptor occupancy studies 7# vifro in target cells from human and the relevant
animal species;

il) concentration-response curves in vifro in target cells from human and the relevant animal
species and dose/exposure-response in vivo in the relevant animal species.

iii) exposures at pharmacological doses in the relevant animal species.

Wherever possible, the above data should be integrated in a PK/PD modelling approach for the
determination of the MABEL.

In order to further limit the potential for adverse reactions in humans, a safety factor may be applied in
the calculation of the first dose in human from the MABEL. This should take into account criteria of
risks such as the novelty of the active substance, its biological potency and its mode of action, the
degree of species specificity, and the shape of the dose-response curve and the degree of uncertainty in
the calculation of the MABEL. The safety factors used should be justified.

When the methods of calculation (e.g. NOAEL, MABEL) give different estimations of the first dose
in man, the lowest value should be used, unless justified.

Other approaches may also be considered in specific situations, e.g. for studies with
conventional cytotoxic IMPs in oncology patients. (See references “Other guidelines™)

44 Clinical aspects

4.4.1  General aspects

The safety of participants in first-in-human clinical trials can be enhanced by identification and
planned mitigation of factors associated with risk. Key aspects of the tnal should be designed to
mitigate those risk factors, including:

study population;

trial sites;

first dose;

route and rate of administration;

® @& @
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e number of subjects per dose increment (cohort);

sequence and interval between dosing of subjects within the same cohort;

dose escalation increments:

{ransition to next dose cohort;

stopping rules;

allocation of responsibilitics for decisions with respect to subject dosing and dose escalation.

*® & @ @

In general, the higher the potential risk associated with an investigational medicinal product (IMP) and
its pharmacological target, the greater the precautionary measurcs that should be exercised in the
design of the first-in-human study. The protocol should describe the strategy for managing risk
including a specific plan to monitor for and manage likely adverse events or adverse reactions as well
as the procedures and responsibilities for modifying or stopping the trial if necessary. The sponsor
should arrange for peer review of the protocal and the associated risk factors and to assure that they
have been properly considered and planned for.

It is recognised that placebo is often included as part of the design of Phase | studies. The study design
including randomisation schemes should take this into account. Any decisions taken with respect to
subsequent dosing at the same dose level and or to dose escalation, should take into account the
number of subjects that might have received either placebo or the active medicinal product. There
should always be rapid access to the treatment allocation codes when relevant.

For first-in-human trials where there is uncertainty about the nisk it is recommended that a
confirmatory pharmacodynamic measure is identified that can show the pharmacological effect and
link with the preclinical experience.

4.4.2  Protocol design
4.4.2.1 Choice of subjects for first-in-human trials

Subjects are not generally expected to derive any therapeutic benefit from a first-in-human trial.
The paramount factors should always be the safety, rights and well-being of the volunteers, whether
patients or healthy individuals, and the value of what can be learned from the clinical trial.

The choice of the study population, i.c. healthy subjects or patients. including special populations,
should be [ully justified by the sponsor on a case-by-case basis. Several factors should be considered,
such as: '

(a) the risks inhcrent in the type of medicinal product - it i1s important that those risks (and
uncertainty about them) be quantified and justified;

(b) its molecular target,

(¢) immediate and potential long term toxicity;

(d) the lack of a relevant animal model;

(e) the relative presence of the target in healthy subjects or in patients; e.g. cancer patients;
(M) the possible higher variability 1n patients;

() the ability of healthy volunteers to tolerate any potential side effects;

(h) the potential pharmacogenomic difference between the targeted patient group and healthy
subjects;

(1) the patients” ability to benefit from other products or interventions; and
(j) the predicted therapeutic window of the IMP.

Where practicable concurrent medication in patients should be avoided as 1t, together with the discase
state may give rise to greater variability in response and interactions, with the possibility for adverse
reactions and/or difficulties in the interpretation of results.

Healthy subjects or patients should not be included in first-in-human clinical trials if they are n
another chinical trial or have participated recently in another clinical trial unless justified. It is
important to include clear exclusion criteria to prevent concomitant or immediate consecutive
exposure to investigational medicinal products.

©EMEA 2007 Page 9/12

A



4.4.2.2 Route and rate of administration

The choice of route and rate of administration of the first dose in humans should be justified based on
the non-clinical data. In the case of an intravenous administration, a slow infusion, may be more
appropriate than a slow bolus. This would allow monitoring for an adverse reaction and, if clinically
indicated, timely discontinuation of the infusion to mitigate a serious oulcome,

4.4.2.3  Estimation of the first dose in human
The estimation of the first dose in humans has been discussed above in detail (see section 4.3.6).
4.4.2.4  Precautions to apply between doses within a cohort

It will usually be appropriate to design the administration of the first dose so that a single subject
receives a single dose of the active IMP. Further dose administration should be scquential within each
cohort to mitigate the risk. Any non-sequential dose administration within each cohort should be
Justified. There must be an adequate period of observation between the administration of the medicinal
product to the first, sccond and subsequent subjects in a cohort to observe and interpret reactions and
adverse events. The duration of the interval of observation should be justified and will depend on the
properties of the product and the data available, including non-clinical PK and PD. Experience and
identified risk factors from trials with comparable medicinal products should also be considered.

The number of subjects per dose increment (the cohort size) depends on the vanability of both
pharmacokinetic and pharmacodynamic parameters and the trial objectives such as justifying
progression to the next cohort. While larger cohorts are likely to provide more precise data, they may
not be necessary to fulfil the objectives of the study.

4.4.2.5  Precautions to apply between cohorts

Where risk factors from section 4.1 are identified for the IMP there should be a precautionary
approach to progressing to a subsequent cohort. Critcria should be pre-specified in the protocol that
will be used to identify and mitigate the risk of progressing to a subsequent cohort. Administration in
the next cohort should not occur before participants in the previous cohort have been treated and
data/results from those participants are reviewed in accordance with the protocol. This may include
comparison of PK, PD or PK/PD data from any previous cohorts with known non-clinical data and
safety information to inform the decision. Any observed pharmacological responses should be
compared to the responses that were anticipated. Unanticipated pharmacological responses may
require a revised dosc escalation, Time intervals between cohorts should be guided by non-clinical and
clinical PK and PD data and if available, data from comparable medicinal products.

4.4.2.6 Dose escalation scheme

Dose increases should proceed with caution taking into account identified nsk factors from non-
chnical studies such as a stecp dosc-response curve, exposure-response and dose-toxicity curves.

The dose increment between two dose levels should be guided by the dose/toxicity or dose/effect
relationship defined in non-clinical studies, depending on whichever is steeper where this information
is available. The steeper the increase in the dose/toxicity or dose/effect curves, the lower the dose
mcrement that should be selected. The choice of the next dose level should include some estimate of
the potential pharmacodynamic effects and adverse effects (if any).

Information on exposure, effect. and safety from the preceding dose in human should be taken into
account. Since the initial doses may be very low, it 1s anticipated that early cohorts may not show any
pharmacological effects. Where there is no response in a cohort the precautions for the next cohort
should be the same as for the previous cohort.

4.4.2.7 Stopping rules and decision making

The protocol should define stopping rules for the cohort and trial. It should define processes and
responsibilities for making decisions about dosing of subjects, dose escalation and stopping the cohort
or trial. In the case of multicentre trials 1t is particularly important to define processes for immediate
communications between sites.
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4.4.2.8 Monitoring and communication of adverse events/reactions

The trial design should provide a specific plan for monitoring for adverse events or adverse reactions.
The mode of action of the investigational medicinal product, findings in the non-clinical toxicity
studies and any anticipated responses should be used to identify likely adverse reactions. All clinical
staff should be trained to identify those reactions and how to respond to those or any other adverse
events or reactions. There should be constantly available rapid access to the treatment allocation codes
when relevant.

In cases where there is a predictable nisk of a certain type of adverse reaction occurring in humans, a
treatment stratcgy should be described in the protocol. This should include the availability of specific
antidotes where they exist. a clear plan of availability of supportive treatment emergency facilities and
medical staff.

The length of the monitoring period and nature of monitoring within and if deemed appropriate
outside the research site should be justified on the grounds of pharmacokinetics. pharmacodynamics
and safety endpoints as part of the strategy to manage risks in the clinical trial. Special consideration
should be given to potential long-term consequences on physiological systems and potential long-term
safety problems.

Communication of serious adversc cvents and suspected unexpected serious adverse reactions
(SUSARSs) is particularly important. Sponsors should ensure that processes are in place, before the
trial starts, for cxpedited reporting of any SUSARs lo the national competent authority (ics), cthics
committee(s) and investigator(s). The sponsor nceds to ensurc that these processes include the
nceessary steps for reporting of the SUSARs to the EudraVigilance Clinical Trial Module. (see
Directive 2001/20/EC and Chapter II of Volume 10 of the Rules Governing Medicinal Products in the
European Community)

4.4.3  [nvestigator site facilities and personnel

First-in-human trials should take place in appropriate clinical facilities and be conducted by trained
investigators who have acquired the necessary expertise and experience in conducting early phase
trials (i.e. phase I-I1) and medical staff with appropnate level of training and previous experience of
first-in-human studics. They should also understand the investigational medicinal product, its target
and mechanism of action.

Units should have immediate access to equipment and staff for resuscitating and stabilising individuals
in an acute cmergency (such as cardiac emergencies, anaphylaxis, cytokine rcleasc syndrome,
convulsions, hypotension). and ready availability of Intensive Care Unit facilities. Procedures should
be established between the clinical research unit and its nearby Intensive Care Unit regarding the
responsibilities and undertakings of each in the transfer and carc of patients.

First-in-human trials should preferably be conducted as a single protocol at a single site. When
different sites are involved this should be justified and an appropriate plan needs to be n place to
assure the well-being of all trial participants and to assurc an adequate mformation communication
system. This information system should ensure that new safety findings are transmitted to all
participating sites and that the integrity of the study design 1s not compromised.
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A Retrospective Study for Determining the Starting Dose in
First-in-Human Studies on Japanese Healthy Volunteers

Machiko OZAKI*! Tomoe FUJITA*? Yuji KUMAGAI*!?
and Yoshio OTANI*!?

*! Clinical Investigation Center, Kitasato University East Hospital
2-1-1, Asamizodai, Sagamihara, Kanagawa 228-8520, Japan
** Department of Pharmacology, School of Medicine, Kitasato University
*3 Department of Mental Hygiene, School of Allied Health Sciences, Kitasato University

Aims : In 2005, the U. S. Food and Drug Administration (FDA) published a guide estimating the safe
starting dose based on body surface area for healthy volunteers. Toxicity should be avoided at the initial
dose in healthy volunteers, but studies are also required to rapidly attain the objectives. This study was
aimed to discuss the safety of the starting doses which had been determined based on body weight.

Methods : Fifty investigational drugs which were administered systemically to healthy volunteers in
first-in-human studies were investigated. The following were surveyed from the investigator's brochures and
study reports : (1) drug category (2) rules of determining the starting dose (3) ratios between the starting
dose and no observed adverse effect level (NOAEL), 50% effective dose (EDs,) and estimated clinical dose,
and (4) frequency of adverse events with dose escalation in placebo and experimental groups, and so on.

Results : Rules of determining the starting dose were described in 33 drugs. The most frequent one was
1/60 of NOAEL (32 drugs). Drugs showing starting dose/NOAEL ratios of 1/100 or less and starting dose/
clinical dose ratios of 1/20 or less accounted for approximately 60%. The frequency of adverse events did
not differ between placebo and experimental groups up to the 5* dose. ‘

Conclusions : It was suggested that the starting doses had been determined prudently in the first-in-
human studies. In order to estimate more reasonable starting doses, the approach based on body surface area
proposed by FDA should be considered. But it is important to carefully consider the specific characteristics
of each drug before determing the starting dose.

Key words ! starting dose, first-in-human study, NOAEL (no observed adverse effect level)

-

BERAEZNRE LS I HEBRTCREBREDLTS
HERET 52, TEREYEZERBCBLTIEKOR
WREBHETERETHD, TOEKTE FKIZUD
THE & 3 first-in-human KRB OB S, VEKS
BOZBECREERZRENERENE, LLLEFO—

H, VIEHSROEEIE [ HEBOTENTHLZ
FHB I UEYEE, H2LWR3EBEEHOHO:SE
HpOEDPHEITI T ENTEILLEVLIMBECKE
HETD, ThETbBEHIEWT, YIERSED
BRERERMICKRO L S 2iEELHVLATWLSY,
Tbb, 1) EEKSBRTRLVBEZEOE» > 2H)
1D 50%BFER (50% lethal dose : LDs,) @ 1/600

Y LERFRFEREREE Y 5 —
RURIEERSE | BEPE tEXFRERRGEREEC ¥ -

*? JLERFEFEEEF
T 228-8520 HHIRETARME 2-1-1

LB AZERGEFHBGREF

(BT 2005469A5H, W2MR(T20054612829H, BERE2006FE2H1H)

—218—



120 ORIGINAL

LT, 2) BA#EEMEE (no observed adverse
effect level : NOAEL) @ 1/60 LLF, 3) H&b &%
HOE P DS0%EZE (50% effective
dose : EDgo) @ 1/60 LIF, 4) HEEEEKAR®D 1/20
~1/10, §5) F/VEZHED 1/5L0TF, 6) HEIUEMERE
BHEDB L, FOWBRBERD 1/10~1/5%ETH 5.
ez, 2) oW TREBKARTCORERSSE
BRTiEonl: NOAEL # & E kg YD oRE5ERL L
Te PHEYECHREL, Z2FEHB02HEGELLD
WY A, LEFmEKEEMEE P TOERY A4 XD
Eo, ERREEOE, KFHOEZELLBESNT

LDTHBY,

2002 £ 12 R kE&&EELR (Food and Drug
Administration : FDA) X D{#EERAZNSRE L1
first-in-human B Bl 2 E2 ¥R S R OEE
FEOH A AREBLATRER, 2006078k
HAFAELTARS Y, ThRFEBKARIC
B TEonE8YO NOAEL 2 XEBRMIE T X
Dt MENSBICEHL, BHBEEORVLEFEZION
EMAERRLED AT, ZEHERTEZEWI LD
THE, —MBOCREZLFERIEAVWE I 28D
Tw3, %8, FDALSSERKENLTA IR
BT NOAEL O EEMIBBEIC RSN T W3,
ZhiRHABRBMc B TEEERSRE S G bo T
ELEVWHERTHY, BEEHLIKANCERETH
3450, BLU, HHOCEETR TLEENICHE
BTH2ob LRV LDEEKRLTWS, Litdls
T, ChETHhLEECBWTHAVwAhTEREES
HEr FEENOAEL 8 —BLEnwZ b Hh3 L&
Zoeni, FEHIBLWTHEBRAMT 2 228
AEFERE NOAEL L LTHE L. ZhETh,
BEENRE LLBAERERIR EOE [ HEBIC
SLTRYIEHRSEE LT, £& LT >wEEYI
BT 10%EFEE (10% lethal dose : LD,,) *{&%
iy Y oRSECHEEL, 2O 1/1023BVWLRT
Efn, L, BERAZNSRELLCE ] HER
BT AVIORSEROHTICOVTIE, FERERICE
TLEEEE» S £ MEUBAOEBRIT M T
o, SEAFERFDAOLENA YR IT
$oT, SEbREIEBWTLERER SR L
) NOAEL Ot FMELE~DFTHIZ L 2FEH/S
BHEAESHHENLTWL Z e FEaINE,

E, IR THRAREACELTE [ HRERS
TOhBOBBRECDWITEYSEBROEED 1 -
TH 5 MPRERFH IR THEHM®R (AUC) DB/t b

EEHES I CHRREERFE: THELTAT LD
%, BREFMEDIT S BEEESWMOMEEIRD
LEAMRENSY, ZOZkid, EYWBHEOED S
bERARMECL 2 MSROHEENESEHNTH
LZERETRBLTWS,
EMETREZVA PS4 2B 2 - VERSE
JREDSHBROFEERHF 2 5EHNT, BECEILTH
fTa iz first-in-human RERIC B T 2V EIZSE D
JEARRL, 1% NOAEL, EDy, B & UHEEEKR
B3 z¥ERSEL, BLU¥EKRELSORE
B B EERALEEE ICOWTER L, ¥E#
58BRFOTeUBLUEEBIEDLTVY PO ARY
T 4 7R E{To R,
5 &

1. 2

1986 £ & 1 2002 FORIcIt B A¥ HFERGBRER
trF—TiIThhiEO-FFEOBBEDERRD S b,
YN TOBEBROETH R, BHRABRERA SR E
L BEEHERBRS0 G2 FAENRELL, S
F—ZBIETRTORERIILE R ERRFEIRREE
ZESDEAR B THYZABEO T I Thbhz b OT
HY, 197 FOEEFOBERABEMICBE T 2 HHE
(GCP) MEITHOIRERIZ T T GCP w#H L2 6 D
Thad., ThoORBRIEMEE, LEHiEEE /-8
RIpEELHEEL:, £, FRERIC Y- T
YT 2HEEBRETo N EMESHIC T -y HFHORFES
187-.

2. BEREEB

MRELLS0HIZDWT, BEBRECHEE, RERE
BE, WERSBFEHY, VEKZSE, NOAEL,
EDy, HTEEKAR, FEFHECEI ATy 7L
DEEBIUVU7 7 KSR 2EHRRERGE
BE L USIEEREHRICOWTHE L, BX0OHE
HHIZODWTTED L S st 5iTo7,

1) REBEBEOEIC DL TITEERIICHEL .
BEERCOWTIIRO, EHEOESIZ T DOERED
WEEH L, UTik2wTiR, 0O, EHERZ LD
THEL, 2) VIEHRSEZERMIzOWTIX, —
iAW asnTvs3 NOAEL @ 1/60, LDy, 1/600,
EDs, @ 1/60, HEGKBE®D 1/10~1/20, m/IEE
B 1/5LUT, BUEOBEKBR®D 1/5~1/10 22w
TERRREET L, 3) #E#&58/NOAEL t
i, FIEHS R ERIIC NOAEL % 2 »» D ¥l

—218—



DRERHoT-b DIz 2WTEHBL, 1/100 F i,
1/100 BA_E 1/60 &, 1/60 LA EIC4H T THREREH *
H®E LI, ¢) FIERSE/ED,HIZ3) L[EH, ¥
B S ERERIALCED 2 E T >EECRERKY
Hol-bDx>THEHL, 1/100 F#, 1/100 LA L
1/60 i, 1/60 LA Eiz4r0 TEBRSEH £ L.
5) Va5 E/EFREKBARECOWT L ERCH
U, /20 %%, 1/20 L E1/10 &, 1/10 LA B
ST THREBRER ZEE L., - EE KR EE
Tiid 20, BEFHBEE (HEEE) s nl-3
Fliz oL TRERBRZAVERICES L, 6) B
BN L CEERERLE 77 £ R REBELITBY
TEEEREREELER TE KRR >V THRH
MZILD1 ASYOFREERERHEH L, &R
BIOWTEZOBOSELLERK L. 7) FEEKR
ERTo NOAEL B & UNREIMELER TE LIKER
FIZDODWT, EEEHEICETWT NOAEL 5 & b
HYBAOEBRETHWELFER I TH-THONI
Va5 R ERCERIN-VIERSE E D 2K
e,

3, T— IR

FEE6) DAF v T EDEE, S FRERIC
B 2EEERREHFHEICO>VLT, HEOR W tBE
FROWTHEL, p<0.05 #HFEL L,

& =R

1. AREOEH

TablelicRans koI, HH - EREYHIE
L% 261 (52%), R THIELEREY L TH
(14%) TH-otz. hHEEREIZ, EOBS51 384
(76%), BRARNEES B9 (18%), HARKS 2
# (4%), ETHEN1# Q%) THo7:.

2, YIEHRS B EARMOME AL
VERSBEXERUOHENTEX D334
(66%) TH-o7z. Table 1w R&ENZ LHIZ, BE
Bl LTRLE L BTSN TWwH0ik NOAEL @
1/60 @ 32 1 (64%) TH-o7z. XKWwT LD @ 1/600
D174 (34%), iz 7T~9 % TIEIZEETH -7,
EREOBESEINCAT-ESY, R4DBEBRE D
WTERROEHEB T E N, RERLSERTH-
WHEREE 9 4T3, 842 NOAEL %, 1 {#&ixELED
BEREERSTOE, ERORERNEERLHE
BEUEED> L, BEBRROHBEOZ R 2o

ORIGINAL 121

Table]l HREQCEEEEIAMET LOLMEYERSR

R EARHLE B g
o BERM R (%)
BEISE (%)
a b c d e f g
M- MESR 26 52) 8§ 18 7 5 4 3 5
m#EF 1 (2 1 1 1 0 0 0 0
ERER 142 1 1 0 1 0 0@ 0
HLER 704 3 4 0 1 2 2 2
¥ - REF 2 @ o 1 o0 0o 0 o0 1
TR 4 8 2 2 1 0 1 1 1
meBEE 3 (6 1 2 0o 0 0 1 1
PSR 2 4 0o 1 0 0 0 0 0
WrEES 3 6 L1 0 0 0 0 1
HEYH 1 (@ o 1 0 0 1 1 0
ke - (;:) (zi) (198) (17;) (198) (186) (;;)
* RERS

a ! LDs® 1/600, b : NOAEL @ 1/60, c¢ : EDs® 1/60,
d:HEERKARD 1/20~1/10, e BAEZERD 1/5 LI,
fREEDERHRD 1/10~1/5, g T8

v EEBERC S L EE

12 23 s W TR/IMER R L 2R ERILZ,
NOAEL @ 1/60 %% 8 44, ED;,® 1/60 5 6 {4, # &
EREKFED 1/20 33 4, BUEOBEKHAED 1/10 48
3%, B/NVERIRO 1/5 582 {4, HEERIKA®RO 1/20
EHUEOEKARED /10 XEETH b DA ]
, LDs®D 1/600 23 0 5 TH o7z, ¥IEIHRS BB E
CBWT, T2UEFETILVLIEH»S ZDF/
EIDbEHT/hEnERVIEIRSEE L TEHEELT
WwWab DN 14 HICA SN, NOAEL, EDy, #E
EEERORERMC LW ITHESZRE LTV
DIRBRILE, I, 8HTHo7. LDsiz 2 Tid
1993 £ LIRE, B EEOmEL, & BHEELERBTIZS
g/kgBELTLRE L 2o BERFLU LR
BER3PERZWERIRTED, BERRDLNLTWHRW
ZEBEHBLIY, BRERMIC LD 2 F» ORER
HMOMIEMED LD B/ TH 2 b D2REL 1203
LUT2bDRRZLoT,

3. ¥Ex58/NOAEL it

Bz L7z & 51 NOAEL {HD L8 D & - 7o i ER 3
S FIEOVT, YIEHRSE/NOAEL b2 H it L,
Fig.1 (a) @m&hd & HHm - HER, HbsE

—220—



